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Advanced Technologies for Detector Readout in Nuclear and Particle Physics

Corresponding Author: marco@caentech.com

Exhibitors / 748

Igniting Questions, Detecting Answers - Photon Resolving with Quantitative
CMOS

Author: Brad Coyle!

U Hamamatsu Corporation
Corresponding Author: bcoyle @hamamatsu.com

The evolution of imaging technology is directly linked to new scientific achievements. Scientific imaging has moved many exper-
iments from relying on subjective recording into objectively documentable, repeatable, and quantifiable methods. Demanding
and extremely valuable techniques such as single-molecule-based methods would not be possible without appropriate image
sensors. The novel quantitative CMOS (qCMOS) technology finally reaches the physical limit: reliable quantification of photon
numbers within each pixel, eliminating the influence of technology on the ,Aditriangle of frustration, Ali (resolution, sensitivity,
speed). The ORCA-Quest quantitative CMOS (qCMOS) camera with Photon Number Resolving functionality is the leap in
scientific camera evolution that transforms imaging into imagining. With ultra-quiet, highly-refined electronics, this camera is
more than an image capture device; it is a precision instrument that unlocks the ability to investigate new photonic questions
because it offers the quality and quantitative performance to detect meaningful data previously lost in the noise.

Exhibitors Other Media / 747

Gamble Technologies
Author: Greg Gamble'

U Gamble Technologies

Exhibitors Other Media / 749

A universal, low latency and open VME Data Acquisition Hardware and Soft-
ware by MESYTEC

Authors: Andreas Ruben!; Garrett Stout?

! W-IE-NE-R Plein & B
2 W-IE-NE-R Plein & Baus Corp.
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Experiments: Calorimeters / 273

Crylin: crystal calorimeter with longitudinal information for a future muon
collider

Author: ivano sarra
Corresponding Author: ivano.sarra@Inf.infn.it

Modern tracking systems are very precise, therefore, in particle flow-like reconstruction algorithms, the jet performance is usually
limited by the calorimeter. The need to solve the fat jet substructure favors the design of finely segmented calorimeters. However,
this contrasts with the need to have high temporal resolutions for signal events even at low energy deposits: for example due to
the passage of high-energy muons. Our proposal is a semi-homogeneous calorimeter based on Lead Fluoride (PbF2) crystals
with surface mounted UV extended Silicon Photomultipliers (SiPMs). This calorimeter can be segmented longitudinally as a
function of the energy of the particles and the background level. A single module consists of longitudinal layers of crystal cells:
each cell is composed of PbF2 crystals of 10x10x40 mm3 coupled with an array of 4 SiPMs of 4 mm? areas, readout in series of
2. The realization and results on a small prototype of 2 layers with 3x3 crystals each, will be described.

Experiments: Calorimeters / 594

CALICE SiW ECAL - Beam test performance of a technical prototype of a
highly granular silicon tungsten calorimeter

Authors: Roman Poeschl'; CALICE CollaborationN"¢; Fabricio Jimenez Morales?

! Universit\/© Paris-Saclay (FR)
2 LLR ,Ai CNRS, +/école polytechnique, Institut Polytechnique de Paris
Corresponding Author: fabricio.andres.jimenez.morales @cern.ch

A highly granular silicon-tungsten electromagnetic calorimeter (SiW-ECAL) is the reference design of the ECAL for International
Large Detector (ILD) concept, one of the two detector concepts for the detector(s) at the future International Linear Collider.
Prototypes for this type of detector are developed within the CALICE Collaboration. The technological prototype addresses
technical challenges such as integrated front-end electronics or compact layer and readout design.

During Autumn/Winter 2019/20 a stack of up to 22 layers with a dimension of ~18,/618+/625cm"3 was compiled. A beam test
at DESY is planned for May 2021. We will present preliminary results on the linearity w.r.t. to electromagnetic showers and the
energy resolution as well as on shower shapes. An outline on the next steps will be given. One aspect that has to be addressed in
the future is the proper technical implementation of power pulsing with local, i.e. next to the ASICs, power storage.
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CALICE SiW ECAL - Development and first beam test results of detection
elements using Chip-on-Board Technology
Authors: Roman Poeschl!; CALICE CollaborationNone

! Universit\/© Paris-Saclay (FR)
Corresponding Author: poeschl@lal.in2p3.fr

A highly granular silicon-tungsten electromagnetic calorimeter (SiW-ECAL) is the reference design for the ECAL of the
International Large Detector (ILD) concept, one of the two detector concepts for the detector(s) at the future International Linear
Collider. Prototypes for this type of detector are developed within the CALICE Collaboration.

The contribution will report for the first time on the development of beam test results obtained with detection elements
(combination of ASIC, PCB and Si Wafers) that are based on a PCB type, called Chip-on-Board (COB), that features wire-
bonded ASICs. This latter design keeps the height of the PCB as thin as 1.2 mm compared to a height of about 3 mm for a
variant using BGA packaging. The tight space constraints leave little room for extra components such as decoupling capacitances,
accordingly, particular emphasis will be put on the performance in terms of noise sensitivity.

Experiments: Calorimeters / 473

Calorimetry for the Electron Ion Collider

Author: Craig WoodyNone
Corresponding Author: woody @bnl.gov

The Electron Ion Collider will be a new facility at Brookhaven National Lab that will study the structure of nuclear matter
in the gluon dominated regime of QCD using Deep Inelastic Scattering with precision electromagnetic probes. It will utilize
the existing RHIC collider to provide beams of polarized electrons from 2.5-18 GeV to collide with heavy ions from 10-100
GeV/A and protons up to 275 GeV/c. The EIC will require major new detector systems to measure the scattered electron and full
calorimeter, tracking and particle id systems to reconstruct the overall event. The eRD1 Consortium has been investigating a
number of calorimeter options for an EIC detector that include high resolution calorimeters to measure the scattered electron and
new types of high density sampling calorimeters for full azimuthal and rapidity coverage. The latest results of R&D on these
various types of calorimeters will be presented along with an overview of the EIC physics program and its detector systems.
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Calibration and Performance of the CMS Electromagnetic Calorimeter in
LHC Run 2

Author: Jin Wang'
Co-author: CMS Collaboration

! Chinese Academy of Sciences (CN)
Corresponding Author: jin.wang@cern.ch

Many physics analyses using the Compact Muon Solenoid (CMS) detector at the LHC require accurate, high resolution electron
and photon energy measurements. The CMS electromagnetic calorimeter (ECAL) is a fundamental instrument for these analyses
and its energy resolution is crucial for the Higgs boson mass measurement. Recently the energy response of the calorimeter
has been precisely calibrated exploiting the full Run2 data, aiming at a legacy reprocessing of the data. A dedicated calibration
of each detector channel has been performed with physics events exploiting electrons from W and Z boson decays, photons
from pi0/eta decays, and from the azimuthally symmetric energy distribution of minimum bias events. This talk presents the
calibration strategies that have been implemented and the excellent performance achieved by the CMS ECAL with the ultimate
calibration of Run II data, in terms of energy scale stability and energy resolution.

Experiments: Calorimeters / 614

Test beam performance of a digital pixel calorimeter
Author: Hiroki Yokoyama!

U Nikhef National institute for subatomic physics (NL)
Corresponding Author: hiroki.yokoyama@cern.ch

A prototype of a digital pixel EM calorimeter, EPICAL-2, has been designed and constructed, following up on a previous
prototype [1]. It consists of alternating W absorber and Si sensor layers, with a total thickness of “20 radiation lengths, an area
of 30mm X 30mm, and 25 million pixels. The new EPICAL-2 detector employs the ALPIDE pixel sensors developed for
the ALICE ITS upgrade. This R&D is performed in the context of the proposed Forward Calorimeter upgrade for the ALICE
experiment, but it also serves the general understanding of the principle of a fully digital calorimeter.

We will report on first results regarding alignment and calibration from cosmics and on the calorimeter performance measured
with the DESY electron beam. The prototype shows good energy resolution and linearity, comparable with those of a SiW
calorimeter with analog readout. We will also show first results of shower-shape studies with unprecedented spatial precision.
[1] JINST13 (2018) P01014.
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Simulation of a SiW pixel calorimeter

Author: Tim Sebastian Rogoschinski!

! Goethe University Frankfurt (DE)
Corresponding Author: tim.sebastian.rogoschinski@cern.ch

A prototype of a digital pixel electromagnetic calorimeter, EPICAL-2, has been designed and constructed. It consists of alternating
W absorber and Si sensor layers, with a total thickness of 20 radiation lengths, an area of 30mm x 30mm, and “25 million pixels.
The design is the next step in pixel calorimetry following up on a previous prototype using MIMOSA sensors [1]. The new
EPICAL-2 detector employs the ALPIDE sensors developed for the ALICE ITS upgrade. This R&D is performed in the context
of the proposed Forward Calorimeter upgrade for ALICE.

We have used the Allpix2 framework [2] to perform MC simulations of the detector response and shower evolution. Electron test
beam results can be reproduced. Energy resolution and linearity for the total number of pixel hits and the total number of clusters

were investigated, as well as more detailed microscopic features of the shower development and the propagation of particles.
[1]1JINST13 (2018) PO1014
[2] NIM A901 (2018) 164,Ai172

Experiments: Calorimeters / 571

Development of a highly granular scintillator-tungsten electromagnetic calorime-
ter prototype for the CEPC

Author: Yazhou Niu!
Co-author: Yong Liu 2

U University of Science and Technology of China
2 Institute of High Energy Physics, Chinese Academy of Sciences
Corresponding Author: niuyz@mail.ustc.edu.cn

A highly granular electromagnetic calorimeter has been designed and optimised with particle flow algorithms within the CALICE
collaboration for precision measurements of Higgs and electroweak physics at future lepton collider experiments, including
the Circular Electron Positron Collider (CEPC). Scintillator strips and silicon photomultipliers (SiPMs) are instrumented as
sensitive layers and tungsten-copper alloy plates as absorber. Scintillator strips are individually wrapped with ESR foil and
directly coupled with SiPMs. A prototype with 32 sampling layers and over 6700 channels (around 600 x 600 x 400 mm?>
in dimensions), has been constructed and commissioned in 2020. Long-term cosmic-ray tests were performed for quantitative
studies on the key performance. This talk will cover key aspects in the prototype development, the latest status of commissioning,
selected results of cosmic ray tests, as well as preparations for the future DESY beam tests.

Funding information:
This study was supported by National Key Programme for S&T Research and Development (Grant NO.: 2016 YFA0400400), from
the Ministry of Science and Technology of China.
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Calorimetry with Extremely Fine Spatial Segmentation
Authors: Burak Bilki'; Jose Olivier Repondz; Lei Xia?; Yasar Onel?; Yalcin Guler*

' The University of lowa (US), Beykent University (TR)
2 Argonne National Laboratory (US)
3 University of Iowa (US)
4 Cukurova University (TR)
Corresponding Author: burak.bilki@cern.ch

Particle Flow Algorithms (PFAs) attempt to measure each particle in a hadronic jet individually, using the detector subsystem that
provides the best energy/momentum resolution. Calorimeters that can exploit the power of PFAs emphasize spatial granularity
over single particle energy resolution. In this context, the CALICE collaboration developed the Digital Hadron Calorimeter
(DHCAL). The DHCAL uses Resistive Plate Chambers (RPCs) as active media and is read out with 1 x 1 cm2 pads and digital
(1-bit) resolution. In order to obtain a unique dataset of electromagnetic and hadronic interactions with unprecedented spatial
resolution, the DHCAL went through a broad test beam program. In addition to conventional calorimetry, the DHCAL offers
detailed measurements of event shapes, rigorous tests of simulation models and various analytical tools to improve calorimetric
performance. Here we report on the results from the analysis of DHCAL data and comparisons with the Monte Carlo simulations.

Experiments: Calorimeters / 290

Compact LumiCal prototype tests for future e+e- collider
Authors: Veta Ghenescu!; Marek 1dzik?

U Institute of Space Science (RO)
2 AGH University of Science and Technology (PL)
Corresponding Author: marek.idzik @cern.ch

The FCAL collaboration is preparing large-scale prototypes of special calorimeters to be used in the very forward region at a
future electron-positron collider for a precise and fast luminosity measurement and beam-tuning. The LumiCal is designed as a
silicon-tungsten sandwich calorimeter with very thin sensor planes to keep the Moliere radius small, facilitating the measurement
of electron showers in the presence of background. Dedicated FE electronics has been developed to match the timing and
dynamic range requirements. In the recent beam tests, a multi-plane compact prototype equipped with thin detector planes fully
assembled with readout electronics were installed in 1 mm gaps between tungsten plates of one radiation length thickness. High
statistics data were used to perform sensor alignment, and to measure the longitudinal and transversal shower development in the
sandwich. In addition, Geant4 MC simulations were done and compared to the data.
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The CALICE AHCAL - a highly granular SiPM-on-tile hadron calorimeter
prototype

Authors: Frank Simon!; Antoine Laudrain?

! Max-Planck-Institut fuer Physik
2 Johannes Gutenberg Universitaet Mainz (DE)
Corresponding Author: antoine.laudrain@cern.ch

The Analogue Hadron Calorimeter (AHCAL) of the CALICE collaboration is a technological prototype for future linear collider
detectors, addressing scalability, integration and engineering challenges imposed by the experimental environment. It is based on
the SiPM-on-tile technology, where the active layers of the calorimeter are formed by 3x3 cm?2 plastic scintillator tiles placed on
top of SiPMs mounted on readout boards that also house SPIROC2E front-end ASICs. A large prototype with 22 000 channels
has been constructed using techniques suitable for mass production and automatic assembly. The calorimeter took muon, electron
and pion data at the CERN SPS, partially in conjunction with a silicon instrumented structure as prototype for the CMS endcap
calorimeter upgrade, which uses a similar design as the AHCAL in its scintillator section. The presentation gives an overview of
the construction, commissioning, calibration and first test beam results of the AHCAL technological prototype.

Experiments: Calorimeters / 402

Status and plans for the CMS High Granularity Calorimeter upgrade project

Author: Thorben Quast!

! CERN
Corresponding Author: thorben.quast@rwth-aachen.de

The CMS Collaboration is preparing to build replacement endcap calorimeters for the HL-LHC era.

The new high-granularity calorimeter (HGCAL) is, as the name implies, a highly-granular sampling calorimeter with approxi-
mately six million silicon sensor channels ("1.1cm"2 or 0.5cm™2 cells) and about four hundred thousand channels of scintillator
tiles readout with on-tile silicon photomultipliers.

The calorimeter is designed to operate in the harsh radiation environment at the HL-LHC, where the average number of interac-
tions per bunch crossing is expected to exceed 140.

Besides measuring energy and position of the energy deposits the electronics is also designed to measure the time of their arrival
with a precision on the order of 50 ps.

In this talk, the reasoning and ideas behind the HGCAL, the current status of the project, the many lessons learnt so far, and the
challenges ahead will be presented.
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The CMS High Granularity Calorimeter Scintillator/SiPM Tileboards

Author: Mathias Reinecke'

! Deutsches Elektronen-Synchrotron (DE)
Corresponding Author: mathias.reinecke @cern.ch

The new CMS High Granularity Calorimeter (HGCAL), being built for HL-LHC, will have unprecedented transverse and
longitudinal readout and trigger segmentation. In regions of low radiation, HGCAL will be equipped with small plastic scintillator
tiles as active material coupled to on-tile silicon photomultipliers. With respect to earlier developments targeted at a future e+e-
collider, additional challenges in terms of radiation hardness, data rates and mechanical integration including cooling need to be
addressed. We will present the evolving design, results on the performance of irradiated SiPMs, the optimisation of scintillator
tiles, the status of active element prototypes with integrated electronics, and the preparations for automated production.

Experiments: Calorimeters / 668

The HIBEAM/NNBAR Calorimeter Prototype

Author: Katherine Dunne!

1 Stockholm University (SE)
Corresponding Author: katherine.dunne @fysik.su.se

The HIBEAM/NNBAR experiment is a free-neutron search for n, Ufnbar and n, Ufsterile n oscillations to be housed at the ESS
in Lund, Sweden. The detector will be capable of identifying n-nbar annihilation events, which will produce on average "4
pions with a final state invariant mass of “1.9 GeV. The detector will feature a novel calorimeter design, which must provide
good resolution of the point of impact of gammas from pi0 decay and sufficient energy resolution to reconstruct the sum of two
nucleon masses. Calorimetry for these energies is challenging, as traditional sampling calorimeters used in HEP would suffer
from degraded resolution from poor shower statistics. The calorimeter instead uses a hybrid approach of a range measurement in
plastic scintillators implementing a binary readout, followed by total absorption in lead glass. This talk presents work towards a
prototype calorimeter which is planned to be deployed in the ESS Test Beam Line for in situ background measurements.
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Towards the construction of the Mu2e electromagnetic calorimeter at Fermi-
lab

Author: Eleonora Diociaiuti!

VINFN - National Institute for Nuclear Physics
Corresponding Author: eleonora.diociaiuti @Inf.infn.it

Mu2e will search for the CLFV conversion of a muon into an electron in the field of a nucleus. A clean discovery signature
is provided by the mono-energetic conversion electron (Ee= 104.967 MeV). If no events are observed, Mu2e will set a limit
of the ratio between the conversion and the capture rate below 6,/610™7 (@ 90% C.L.). The calorimeter requirements are to
provide Eres < 10%, Tres < 500 ps for 100 MeV electrons while working in vacuum and in a strong radiation environment. It is
made of two annular aluminum disks, each one filled with 674 pure CslI crystals read out by SiPMs. A sophisticated mechanics
and cooling system have been developed to support the crystals and cool the sensors. Radiation hard analog and fast digital
electronics have been developed. In this presentation the QC tests performed on the produced components and the construction
status are reported, as well as the results obtained on the large size prototype with test beam data and a cosmic ray test stand.

Experiments: Dark Matter Detectors / 341

The PandaX-4T Dark Matter Experiment

Author: Zhicheng Qian'

! Shanghai Jiao Tong University
Corresponding Author: qzoec9898 @sjtu.edu.cn

The PandaX-4T is a dark matter direct detection experiment with a dual-phase xenon detector. It is located at Jinping underground
laboratory in Sichuan, China. In the 2.8-tonne fiducial mass and energy region of interest (1-10 keV), the total electron recoil
and nuclear recoil backgrounds are supposed to be (4.9-40.5),/610"(-2) mDRU and (2.8—+0.5),/610"(-4) mDRU. With an
exposure of 5.6 ton-years, the expected sensitivity of PandaX-4T could reach a spin-independent dark matter-nucleon cross
section of 6 /6 107(-48) cm?2 at a dark matter mass of 40 GeV/c2. An overview of detector design, background control and
current status will be presented in this talk.
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Diamond detectors for low-mass dark matter searches

Author: Lucia Canonica!

Co-authors: Ahmed Abdelhameed !; Antonio Bento !; Elia Bertoldo !; Anna Bertolini !; Dennys Erdtmann I'. Nahuel Ferreiro !'; Dominik Fuchs !;
Abhijit Garai 1. Michele Mancuso '; Athoy Nilima I Federica Petricca 2; Franz Proebst !'; Francesca Pucci !; Johannes Rothe !

! Max Planck Institute fiir Physik
2 Max-Planck-Institut fiir Physik
Corresponding Author: canonica@mpp.mpg.de

Despite the multiple and convincing evidence of the existence of Dark Matter (DM) in our Universe, its detection is still
one of the most pressing questions in particle physics. For this reason, in recent years a large fraction of the direct detection
scientific community started to explore the possibility of detecting DM with mass in the sub-GeV range. Cryogenic diamond
detectors have the potential to detect such light DM candidates thanks to their superior cryogenic properties. When operated as
low-temperature calorimeters, diamonds could reach an energy threshold in the eV range and would allow for the exploration of
novel parameters of the DM-nucleus cross section. In this contribution, the preliminary cryogenic performance of lab-grown
single crystal diamonds operated with TES temperature sensors will be presented. The potential of such a detector in the current
landscape of DM searches will be also illustrated.

Experiments: Dark Matter Detectors / 703

Low radioactivity Argon for the DarkSide-20k experiment

Author: Roberto Santorelli!

U Centro de Investigaciones Energi cas Medioambientales y Tecno
Corresponding Author: roberto.santorelli@cern.ch

A major worldwide effort is underway to procure the radiopure argon needed for DarkSide-20k (DS-20k), the first large scale
detector of the new Global Argon Dark Matter Collaboration. The Urania project will extract and purify underground argon
(UAr) from CO2 wells in the USA at a production rate of “300 kg/day. Additional chemical purification of the UAr will be
required prior to its use in the DS-20k LAr-TPC.The Aria project will purify UAr using a cryogenic distillation column (Seruci-I),
located in Sardinia (Italy).Assessing the UAr purity in terms of Ar-39 is crucial for the physics program of the DarkSide-20k
experiment. DArT is a small (,a°1 litre) radiopure chamber that will measure the Ar-39 depletion factor in the UAr. The detector
will be immersed in the active liquid Ar volume of ArDM (LSC, Spain), which will act as a veto for gammas from the detector
materials and the surrounding rock.In this talk, I will review the status and prospects of the UAr projects for DarkSide-20k.
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Purity monitor and TPC design for Xenoscope

Author: Yanina Biondi!

U University of Zurich
Corresponding Author: ybiondi @physik.uzh.ch

Next-generation experiments for dark matter detection such as liquid xenon (LXe) time projection chambers (TPC) have the
main goal of probing the experimentally accessible parameter space for weakly interacting massive particles (WIMPs) as a dark
matter candidate. The realization of such large detectors requires the demonstration of a series of technologies. We, therefore,
aimed to built a full-scale TPC demonstrator in the vertical dimension called Xenoscope. The main goal of Xenoscope is to
demonstrate electron drift for the first time in an LXe TPC over a 2.6 m distance and benchmark several key requirements for
the next-generation experiment DARWIN. To this end, we have designed a modular, scalable purity monitor as well with the
upgrade to a dual-phase TPC. This talk will cover the challenges encountered in the design of long drift regions in LXe.

Experiments: Dark Matter Detectors / 371

Detection of low mass WIMPs with Spherical Proportional Counters

Author: George Savvidis'

U Queen’s University
Corresponding Author: 18gs17@queensu.ca

NEWS-G is an experiment searching for dark matter using the Spherical Proportional Counter (SPC) technique. Such detectors
can operate significant mass of target while keeping single ionization electron detection sensitivity. They can use light target
gases such as hydrogen, helium, and neon. NEWS-G aspires to extend the sensitivity of direct dark matter searches to the mass
range from 0.1 GeV to few GeV, opening a window to non-standard model physics.

The talk will cover principle of operations of the SPC and a description of the 140cm diameter detector and compact shielding,
with projected WIMP detection sensitivity. Preliminary results obtained in 2019 with a temporary shield at the underground
laboratory of Modane (LSM, France) with neon and methane as target gases will be presented. Very early results of the experiment
final installation at SNOLAB (Canada) might be included in this talk.

Another contribution to this conference describes SPC characterisation.
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Design of keV-scale neutron sources using Fe and Sc
Author: Pratyush Patel!

! University of Massachusetts Amherst
Corresponding Author: pratyushkuma@umass.edu

We will discuss recent progress in making sub-keV nuclear recoil calibrations practical in a university lab environment. First,
we will describe a 124SbBe (gamma,n) neutron source in which a novel Fe shielding method suppresses the outgoing gamma
flux while allowing the unmoderated escape of the 24keV neutrons. Second, we will describe a method to moderate and then
filter neutrons from a pulsed Deuterium-Tritium (DT) generator, enabling a pulsed keV-scale neutron source. And lastly, we will

describe work towards large area neutron capture-based backing detectors required for a neutron scattering calibration of dark
matter experiment targets.

Experiments: Dark Matter Detectors / 531

Development of DarkSide-20k Dual-Phase Time Projection Chamber

Author: Emilija Pantic!

1 UC Davis
Corresponding Author: pantic @ucdavis.edu

DarkSide-20k direct dark matter search experiment aims at cumulative exposure of 200 ton-year with zero instrumental
backgrounds by utilizing several novel approaches such as extraction of argon from underground sources, purification of argon
via destination column, readout via large array of silicon-based photosensors and two nested liquid argon-based detectors housed
within a ProtoDUNE-style membrane cryostat. A short overview of the DarkSide-20k experiment is presented emphasizing the
novel design and development of the inner detector, a sealed acrylic dual-phase time projection chamber.
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Improving sensitivity to low-mass dark matter in LUX using a novel electrode
background mitigation technique
Author: Kelsey Oliver-Mallory'

! Imperial College London
Corresponding Author: kcomallory @ gmail.com

For dual-phase xenon time projection chambers such as LUX, signatures of low-mass DM interactions would be ~keV scatters
that ionize only a few xenon atoms and seldom produce detectable scintillation signals. In this regime, extra precaution is required
to reject a complex set of low-energy backgrounds that have long been observed in this class of detector. Noticing backgrounds
from the electrodes were particularly prevalent, a machine learning technique based on ionisation pulse shape was developed to
identify and reject these events. The technique was shown to improve Poisson limits by a factor of 2-7, and was applied to LUX
events in an effective 5 tonne-day exposure to place strong limits on DM with masses m, € 0.15-10 GeV. The machine learning
technique is expected to be useful for near-future experiments, such as LZ and XENONNT, which hope to perform low-mass DM
searches with the stringent background control necessary to make a discovery.

Experiments: Dark Matter Detectors / 701

Low-energy Monoenergetic Neutron Production with a DD-Neutron Source
for sub-keV Nuclear Recoil Calibrations in the LUX and L.Z Experiments

Author: Will Taylor!

! Brown University / LUX / LZ
Corresponding Author: william_taylor@brown.edu

Nuclear recoil (NR) calibrations are vital for understanding detector responses to dark matter candidates and neutrino-nucleus
signals in direct detection experiments. Low-mass (<5 GeV) dark matter candidates and ®B neutrinos drive the need for high-
statistics/low-systematic calibrations at sub-keV NR energies.

We report the results of NR calibrations in the LUX dark matter detector using 2.45 MeV neutrons from an Adelphi Technologies,
Inc. DD neutron generator and describe the R&D done to increase the instantaneous intensity to 10'° n/s and reduce pulse width
to 12 us FWHM. Complete kinematic reconstruction has allowed the charge and light yields to be determined down to 0.27
keVnr and 0.45 keVnr, respectively.

We also describe techniques to reduce the incident neutron energy via controlled backscattering off deuterium- and hydrogen-
based targets, achieving neutron energies of 350 keV and 10-100 keV, respectively, needed to probe even lower mass dark matter
candidates.
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CrystaLiZe: A Solid Future for LZ

Author: Scott Kravitz!
Co-authors: Peter Sorensen ; Scott Haselschwardt ; Hao Chen ; Shilo Xia

U Lawrence Berkeley National Laboratory
Corresponding Author: swkravitz@Ibl.gov

Radon and its daughter decays continue to limit the sensitivity of WIMP direct dark matter searches, despite extensive screening
programs, careful material selection and specialized Rn-reduction systems. This problem is only expected to worsen as
experiments grow in size. For liquid xenon TPCs, we propose to address this through crystallizing the xenon. Once solid, the
xenon will no longer admit external Rn into the bulk, allowing existing Rn to decay away. These decays can also be efficiently
vetoed using the time structure of the decay sequence and the fixed position of daughter isotopes. In this case, the limiting
background for WIMP searches would be neutrinos from the sun and from cosmic ray muons. In this talk, I will argue that
an instrumental radon tag in a crystalline xenon TPC, perhaps as an upgrade to LZ, may be the quickest path to reaching the
neutrino floor and present preliminary results from a solid xenon test stand which indicate its viability as a detector medium.

Experiments: High energy physics / 315

ILD, a Detector for the International Linear Collider

Authors: Kiyotomo Kawagoe!; Adrian Irles?

! Kyushu University (JP)
2 IFIC CSIC/UV
Corresponding Author: adrian.irles@ific.uv.es

The International Large Detector (ILD) is a detector designed primarily for the International Linear Collider (ILC), a high-
luminosity linear electron-positron collider with an initial center-of-mass energy of 250 GeV, extendable to 1 TeV. The ILD
concept is based on particle flow for overall event reconstruction, which requests outstanding detector capabilities including
superb tracking, very precise detection of secondary vertices and high-granularity calorimetry. In the past years the design has
focused on building subdectector technological prototypes scalable to the full ILD size, studying their integration into a coherent
detector, benchmarking the ILD performance and preparing for an optimization of the overall ILD size and costing. The current
status has recently been made public in an ILD Interim Design Report (IDR) of interest for any future e+e- collider detector. The
presentation will summarize the main IDR results and the plans to prepare a technical proposal for the ILC.

Page 14



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Experiments: High energy physics / 289

BESIII detector performance and future plan
Author: Weimin Song!

1 Jilin University College of Physics (CN)
Corresponding Author: weimin.song @cern.ch

BESIII experiment, which is the only tau-charm factory running in the world, has been working for more than 10 years, and
published a lot of physics results about charmed hadron, exotic hadron states, tau lepton and light hadrons. In this talk, the current
performance of the detector will be mentioned, including the tracking system, particle identification system, and calorimeter
system. The experiment will run for another 10 years, and in this talk, the future plan of the experiment will be mentioned also.

Experiments: High energy physics / 543

Operation and Performance of Belle II Aerogel RICH Counter

Author: Shohei Nishida!

' KEK
Corresponding Author: shohei.nishida@kek.jp

Belle II experiment at SuperKEKB is a B factory experiment aiming at collecting 50 times more data than Belle. One of the key
components in the experiment is the particle identification (PID), especially the separation of kaons and pions. In the Belle II
spectrometer, a proximity focusing ring imaging Cherenkov detector using aerogel as a radiator (ARICH) is equipped for the
PID at the forward endcap. In this counter, a total of 420 of hybrid avalanche photo-detectors (HAPDs) with 144 channels are
used as position-sensitive photon detectors that work inside the 1.5 T magnetic field. Belle II started the physics run with full
detectors from 2019, and accumulated 90 fb~* of collision data. We report on the operation of ARICH, including the fraction of
dead channels, stability of HAPDs, and possible problems. We also report the PID performance of ARICH estimated with using
D** — DO . D° — K~m" control sample with the initial data.

slow’
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The Design and Study of RICH Detector for Super Tau-Charm Facility

Author: Wang Bin-Long!

U University of Chinese Acadenty of Sciences
Corresponding Author: wangbinlong12 @mails.ucas.ac.cn

The Super tau-Charm facility (STCF) project, which is an electron-positron collider at the center-of-mass 277 GeV, is under
exploring and will play crucial role in the high density frontier of elementary particle physics. The PID detector in STCF
serves an excellent PID capability for charged hadrons. The effective PID is required to reach a statistical separation power
better than 3 sigma to fulfill the desired physics goals. In the conceptual design, RICH detector is one suitable candidate at
STCEF barrel. The RICH consist of 12 identical block modules. C6F14 is chosen as the radiator, followed with light propagation
zone, photo-cathode, multiplier and anode. The threshold of the RICH is less than 1 GeV/c to connect to the PID power of
tracking system and can reach to 2 GeV/c. Geant4 simulations are performed to study the expected performance. By applying the
reconstruction algorithm, > 3 sigma separation capability can be reached. A beam test has also been performed on our prototype.

Experiments: High energy physics / 602

Precision Timing with the CMS MTD Barrel Timing Layer for HL-LHC

Author: Ryan Heller!
Co-author: Toyoko Orimoto 2

U Fermi National Accelerator Lab. (US)
2 Northeastern University (US)
Corresponding Author: ryan.heller@cern.ch

The Compact Muon Solenoid (CMS) detector at the CERN Large Hadron Collider (LHC) is undergoing an extensive Phase I1
upgrade program to prepare for the challenging conditions of the High-Luminosity LHC (HL-LHC). A new timing detector in
CMS will measure minimum ionizing particles (MIPs) with a time resolution of 30-40 ps for MIP signals at a rate of 2.5 Mhit/s
per channel at the beginning of HL-LHC operation. The precision time information from this MIP Timing Detector (MTD) will
reduce the effects of the high levels of pileup expected at the HL-LHC, bringing new capabilities to the CMS detector. The barrel
timing layer (BTL) of the MTD will use sensors that based on LYSO:Ce scintillation crystals coupled to SiPMs with TOFHIR
ASIC:s for the front-end readout. In this talk we will present motivations for precision timing at the HL-LHC and an overview of
the MTD BTL design, including ongoing R&D studies targeting enhanced timing performance and radiation tolerance.
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The ATLAS detector evolution towards the High Luminosity era

Authors: Marco Lisboa Leite!; The ATLAS Collaboration™°"; Brigitte Vachon?

U Universidade de Sao Paulo (BR)
2 McGill University, (CA)
Corresponding Author: brigitte.vachon@cern.ch

After 9 years of successful operation in proton-proton collisions reaching up to /s = 13 TeV, the ATLAS detector started in
2018 the preparations for an ambitious physics project, aiming the exploration of very rare processes and extreme phase spaces,
an endeavor that will require a substantial increase in the integrated luminosity. To accomplish this purpose, a comprehensive
upgrade of the detector and associated systems was devised and planned to be carried out in two phases. The Phase-I upgrade
foresees new features for the muon detector, for the EM calorimeter trigger system and for all trigger and data acquisition chain.
For the Phase-II upgrade, ATLAS will fully replace its inner tracker, install a new timing detector and the calorimeters and
muon systems will operate on a free-running readout scheme. This presentation will summarize the expected performance of the
aforementioned projects, as well as the new insights gained during the construction phase.

Experiments: High energy physics / 540

Fast Beam Condition Monitor of the CMS experiment at HL-LHC

Author: Mohammad Sedghi!
Co-author: Gabriella Pasztor

U Isfahan University of Technology (IR)
2 E\/Btv\/Bs University, Budapest
Corresponding Author: mohammad.sedghi @cern.ch

To achieve the challenging target of 1% precision on luminosity determination at the high-luminosity LHC (HL-LHC) with
instantaneous luminosity up to 7.5 1/6 10°{34} cm™{,ai2} s*{,ail }, the CMS experiment will employ multiple luminometers
with orthogonal systematics. A key component of the proposed system is a stand-alone luminometer, the Fast Beam Condition
Monitor (FBCM), which is fully independent from the central trigger and data acquisition services and able to operate during
all times at 40 MHz providing bunch-by-bunch luminosity measurement with 1 s time granularity. FBCM is foreseen to be
placed inside the cold volume of the Tracker as it utilizes silicon-pad sensors exploiting the zero-counting algorithm of hits for
luminosity measurement. FBCM will also provide precise timing information with a few ns precision enabling the measurement
of beam induced background. We report on the optimisation of the design and the expected performance of FBCM.
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A High-Granularity Timing Detector for the Phase-II upgrade of ATLAS:
detector concept, description and R&D and beam test results
Authors: Hasko Stenzel!; Abdellah Tnourji”

U Justus-Liebig-Universitaet Giessen (DE)
2 Universit\/© Clermont Auvergne (FR)
Corresponding Author: abdellah.tnourji@cern.ch

The increase of the particle flux (pile-up)at the HL-LHC with luminosities of L,aE 7.51/61034 cm,ai2s,a{1 will have a severe
impact on the ATLAS detector reconstruction and trigger performance. The end-cap and forward region where the liquid Argon
calorimeter has coarser granularity and the inner tracker has poorer momentum resolution will be particularly affected. A
High Granularity Timing Detector (HGTD) is proposed in front of the LAr endcap calorimeters for pile-up mitigation and for
luminosity measurement. It will cover the pseudo-rapidity range from 2.4 to 4. Two Silicon sensors double sided layers will
provide precision timing information for MIPs with a resolution better than 30ps per track in order to assign each particle to the
correct vertex. Readout cells have a size of 1.3mm+/61.3mm, leading to a highly granular detector with 3 M of channels.

Low Gain Avalanche Detectors (LGAD) technology has been chosen as it provides enough gain to reach the large signal over
noise ratio needed.

Experiments: High energy physics / 615

Initial performance of the GlueX DIRC detector.

Authors: R. Dzhygadlol; A. AliNore: E BarbosaNore: J. BessuilleNo"e; E. ChudakovNere; C. FanelliNore; J. FryeN""e; J. HardinNore; A, HurleyN"“e;
G. KalicyN""e; J. KelseyN"“e; W. LiNene, \. PatsyukN"“e; C. SchwarzNone; J. SchwieningN"“e; M. ShepherdN"“e; J. StevensNone: T. WhitlatchNone; M.
WilliamsNere: Y. Yangl\"’“e

! GSI - Helmholtzzentrum fur Schwerionenforschung GmbH (DE)
Corresponding Author: r.dzhygadlo@cern.ch

The GlueX experiment at Jefferson Laboratory aims to perform quantitative tests of non-perturbative QCD by studying the
spectrum of light-quark mesons and baryons. A Detector of Internally Reflected Cherenkov light (DIRC) was installed to
enhance the particle identification (PID) capability of the GlueX experiment by providing clean ce A/K separation up to 3.7 GeV/c
momentum in the forward region (] [<11 deg), which will allow the study of hybrid mesons decaying into kaon final states
with significantly higher efficiency and purity.

The new PID system is build using radiators from the decommissioned BaBar DIRC counter, combined with new compact
photon cameras based on the SuperB FDIRC concept. The full system was successfully installed and commissioned with beam
during 2019/2020.

We will discuss the status of the DIRC detector and its performance.
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Test-beam performance of a TORCH prototype module

Authors: Neville Harnew!; Jennifer Clare Smallwood!

! University of Oxford (GB)
Corresponding Author: jennifer.smallwood @cern.ch

The TORCH time-of-flight detector is designed to provide a 15 ps timing resolution for charged particles, resulting in pi/K
particle identification up to 10 GeV/c momentum over a 10 m flight path. Cherenkov photons, produced in a quartz plate of 10
mm thickness, are focused onto an array of micro-channel plate photomultipliers (MCP-PMTs) which measure the photon arrival
times and spatial positions. A half-scale (660 x 1250 x 10 mm"3) TORCH demonstrator module has been tested in a 5 GeV/c
mixed proton-pion beam at the CERN PS. Customised MCP-PMTs of active area 5 cm™2 and granularity 64 x 64 pixels have
been employed, which have been developed in collaboration with an industrial partner. The single-photon timing performance
and photon yields have been measured as a function of beam position in the radiator, giving measurements which are consistent
with expectations. The expected performance of TORCH for high luminosity running of the LHCb upgraded experiment has
been simulated.

Experiments: Neutrino / 348

RPCs for the SND Muon System of the SHiP experiment

Author: Liliana Congedo!

UINFN - National Institute for Nuclear Physics
Corresponding Author: liliana.congedo@ba.infn.it

SHiP (Search for Hidden Particles) is a proposed beam dump experiment at CERN SPS, with the aim of exploring the so-called
Hidden Sector. Since a large neutrino flux is expected to be produced at the beam dump, the experiment could also allow for the
study of neutrino physics with unprecedented statistics. A dedicated Scattering and Neutrino Detector (SND), equipped with a
downstream Muon Identification System, is thus being designed. The SND muon detector consists of iron filters interleaved with
tracking planes, based on RPC technology. Each muon plane has an active area of about (2 x 4) m2 and consists of three large
gaps read out by two panels of perpendicular strips. The SHiP RPCs have to provide a uniform spatial response as well as high
efficiency. The design of the SND muon system, based on RPCs, is presented and the performance of a prototype for SHiP RPCs
is discussed.
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Neutron Detection in MINERVA'’s Polystyrene Scintillator

Author: Andrew Olivier!

! University of Rochester
Corresponding Author: aolivier @ur.rochester.edu

Accelerator-based neutrino experiments have historically discounted neutron detection as beyond the scope of their calorimeters
and trackers. The MINERVA experiment has detected signals from 10-100 MeV neutrons from neutrino interactions in its
polystyrene scintillator tracker. Energy deposit, timing, and distance from neutrino interaction point are explored for access to
neutron kinematics. New neutron counting efforts in MINERvVA’s nuclear targets could help control systematic uncertainties in
next-generation neutrino oscillation experiments that use detectors based on nuclei other than carbon.

Experiments: Neutrino / 542

Water Cherenkov Test Experiment
Author: Matej Pavin!

' TRIUMF
Corresponding Author: matej.pavin@cern.ch

Water Cherenkov detectors have a long history of being successfully used for neutrino oscillation and nucleon decay measurements.
With the increase in collected data, the reduction of systematic uncertainties becomes essential.

Water Cherenkov Test Experiment (WCTE) is a proposed experiment at CERN that will study the response of a small water
Cherenkov detector in a low momentum beam. The experiment will be used to test new photosensor technologies, apply
calibration techniques with known particle fluxes to validate 1% level calibration at GeV scale, and measure physics processes
such as Cherenkov light production, secondary neutron production and pion scattering. The experiment will also include a
compact hadron spectrometer with a target to produce and characterize particle fluxes entering the water Cherenkov detector. We

present the design of the small water Cherenkov detector and accompanying spectrometer along with the overview of the WCTE
physics program.
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An Intermediate Water Cherenkov Detector for Hyper-Kamiokande Using
the NuPRISM Concept

Author: Mark Hartz!

UTRIUMF & Kavli IPMU, University of Tokyo
Corresponding Author: mhartz@triumf.ca

The Hyper-Kamiokande (HK) experiment will detect neutrinos produced at an upgraded 1.3 MW J-PARC 30 GeV accelerator
with a new water Cherenkov detector that is 8 times larger than Super-Kamiokande. This will allow HK to accumulate neutrino
events 20 times faster than the currently operating T2K experiment. To take advantage of the high statistics HK will collect,
systematic uncertainties on neutrino production and interaction modelling must be reduced. The Intermediate Water Cherenkov
Detector IWCD) is A 1 kiloton scale water Cherenkov detector to be located “1 km from the neutrino source at J-PARC to study
neutrino production and interactions. The IWCD has the unique feature that it can be moved to different positions relative the
beam direction, enabling measurements that probe the relationship between neutrino energy and particles produced in neutrino
interactions. I will describe the IWCD design, measurement program and the key technologies that will be deployed in the
detector.

Experiments: Neutrino / 457

A Highly Granular Calorimeter System for the DUNE Near Detector

Authors: Frank Simonl; Tanaz Angelina Mohayaiz; Eldwan Erwan Brianne?

! Max-Planck-Institut fuer Physik
2 Fermi National Accelerator Lab. (US)
3 DESY
Corresponding Author: eldwan.brianne @desy.de

DUNE requires a capable near detector system to achieve its ambitious physics goals. One subsystem is the ND-GAr detector,
which will consist of a high pressure Ar TPC and an ECAL in a magnetic field. The calorimeter complements the capabilities of
the TPC with photon and neutron reconstruction to enable a precise reconstruction of neutrino interactions. The ECAL will use
highly granular active elements consisting of plastic scintillators and SiPMs, as well as scintillator strips, both with sub-ns timing
capabilities. This enables directional reconstruction of electromagnetic showers for pi0 localization, high neutron sensitivity and
energy measurement via time of flight. The fine granularity of the detector also provides powerful —u/pi separation essential
for a precise characterisation of the neutrino beam. The presentation gives an overview over the evolving design of the DUNE
ND-GAr calorimeter and will discuss the expected performance and its relevance for the DUNE physics program.
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The T2K Near Detector Upgrade

Authors: T2K CollaborationN°"¢; Thorsten Lux!

U Universidad Autonoma de Barcelona
Corresponding Author: thorsten.lux @ifae.es

The T2K collaboration is preparing for an increase of the exposure aimed at establishing leptonic CP violation at 3 o level
for a significant fraction of the possible dcp values. To reach this goal, an upgrade of the T2K near detector ND280 will
be installed at J-PARC in 2022, with the aim of reducing the overall statistical and systematic uncertainties at the level of
better than 4\%. We have developed an innovative concept for this neutrino detection system, comprising the totally active

Super-Fine-Grained-Detector (SuperFGD), two High Angle TPC (HA-TPC) and six time of flight planes.
In this talk we will report on the status of the construction of these detectors, their performances obtained in test beams.

Experiments: Neutrino / 502

Dual Calorimetry at JUNO

Author: Yang HAN!

1 Sun Yat-sen University
Corresponding Author: hany88 @mail.sysu.edu.cn

Dual Calorimetry is a technique designed for high precision control of detector calorimetry systematics. It is embodied at
JUNO as two independent photosensors and readout systems with different photon occupancy regimes surrounding the 20 kton
liquid scintillator. One is the “18,000 20-inch large PMTs (LPMTs) system, and the other is the 26,000 3-inch small PMTs
(SPMTs) system. The LPMT system is designed for maximal light detection to achieve 3% energy resolution at 1MeV. The
SPMT system, as the second calorimetry, is introduced to disentangle the degeneracy of calorimetry responses, isolate the charge
non-linearity effects and provide a linear charge reference for LPMT. The Dual Calorimetry technique provides robust LPMT
charge non-linearity calibration, thus helping the overall systematics control and physics measurement of JUNO. In this talk,
the physics motivation, basic concept, novel calibration methodology and potential performance of Dual Calorimetry will be
presented.

[\
\S]
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Latest results of the R2D2 project

Author: Anselmo Meregaglia'

! Centre National de la Recherche Scientifique (FR)
Corresponding Author: anselmo.meregaglia@cern.ch

The search for neutrinoless double beta decay could cast light on one critical piece missing in our knowledge i.e. the nature of
the neutrino mass. Its observation is indeed the most sensitive experimental way to prove that neutrino is a Majorana particle.
The observation of such a potentially rare process demands a detector with an excellent energy resolution, an extremely low
radioactivity and a large mass of emitter isotope. Nowadays many techniques are pursued but none of them meets all the
requirements at the same time. The goal of R2D?2 is to prove that a spherical high pressure TPC could meet all the requirements
and provide an ideal detector for the 0EQE<EL decay search. The prototype has demonstrated an excellent resolution with
Argon and the preliminary results with Xenon are already very promising. In the proposed talk the R2D2 results obtained with
the first prototype will be discussed as well as the project roadmap and future developments.

Experiments: Neutrino / 433

Status of the NEXT experiment.

Author: Ander Simn Estvez!

VIFIC
Corresponding Author: aretno@ gmail.com

NEXT is an experimental program aiming at the detection of ?< decay in ***Xe using a high-pressure gaseous xenon electrolumi-
nescent TPC. The technique allows for superb energy resolution, 1% FWHM at QEE<(E<, and topological discrimination based
on the unique signature that a double electron produces in a gaseous medium. With “0.5 m in each dimension, NEXT-White
(NEW) is operating underground under low-background conditions at the Laboratorio Subterrneo de Canfranc, using xenon
enriched to 90% **°Xe. Its purpose is to validate all aspects of the technology on a large scale and demonstrate its performance
on 2< decay events. x NEXT-100 will replace NEW and start operating during 2021. It will deploy 97 kg of enriched xenon
and demonstrate sensitivity to 0EQE<EL decay half-lives on the scale of 10%° yr. An overview of the experiment will be
presented in this talk with 2 main focus: 1) latest results of the NEW detector, 2) current status of the NEXT-100 detector.
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CUPID: a next generation bolometric neutrinoless double beta decay experi-
ment

Authors: CUPID collaborationN°"; CUPID-0 CollaborationNone; Speaker to be assignedN"“e; Dounia Helis!; Giovanni benatoNone

! CEA-IRFU
Corresponding Author: giovanni.benato@Ings.infn.it

CUPID is a next-generation tonne-scale bolometric neutrinoless double beta decay experiment to probe the Majorana nature of
neutrinos and discover Lepton Number Violation if the effective neutrino mass is greater than 10 meV. CUPID will be built on
experience, expertise and lessons learned in CUORE,CUPID-Mo and CUPID-0. The detector technology is based on scintillating
bolometers of Li2Mo00O4 enriched in the isotope of interest 100Mo. CUPID will consist of about 1500 hybrid heat-light detectors
for a total isotope mass of 250 kg. The CUPID scientific reach is supported by a detailed and safe background model that uses
CUORE, CUPID-Mo and CUPID-O0 results. The required performance in terms of energy resolution, alpha rejection factor and
crystal purity have already been demonstrated and will be presented.

Experiments: Precision and Low Energy / 282

Laser spectroscopy of long-lived pionic helium at PSI

Authors: Masaki Hori!; Hossein Aghai Khozani?; Anna Soter; Andreas Josef Dax*; Daniel Barna®

! Max-Planck Institute of Quantum Optics (DE)

2 Max-Planck-Gesellschaft (DE)

3 ETH Z\/°rich

4 Department of Physics Particle Physics

5 Wigner Research Centre for Physics

Corresponding Author: masaki.hori@mpq.mpg.de

The PiHe collaboration recently used the 590 MeV ring cyclotron facility of Paul Scherrer Institute to carry out laser spectroscopy
of metastable pionic helium atoms [1,2]. This is a three-body atom consisting of a helium nucleus, a ground-state electron, and a
negatively-charged pion occupying a Rydberg state of principal and orbital angular momentum quantum numbers of around
n=17 and I=16. By using a sub-nanosecond infrared pulsed laser, the pion was resonantly deexcited from the state (17,16) to a
short-lived state (17,15). In future experiments, we intend to increase the experimental precision and compare the results with

three-body QED calculations. This would allow the negatively-charged pion mass to be determined with a higher precision than

before.
[1] Nature 581, 37 (2020)
[2] Physical Review A 89, 042515 (2014)
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KDK: Measuring the 40K Electron Capture Decay to the Ground State of
40Ar

Author: Philippe Di Stefano!

U Queen’s University
Corresponding Author: philippe.distefano@gmail.com

40K is one of very few isotopes that allow comparison of a third-forbidden unique decay with first-forbidden unique decay. It is
also a source of uncertainty in certain dark matter searches, and in K-based geochronology dating techniques. In particular, one
decay branch of 40K has never been experimentally measured: the electron capture directly to the ground state of 40Ar, expected
to be of the order of fifty times smaller than the well-known decay to the excited state of 40Ar. In the KDK (potassium decay)
experiment (https://arxiv.org/abs/2012.15232), this small decay branch has been investigated by integrating a low-threshold
X-ray detector into the high-efficiency Modular Total Absorption Spectrometer (MTAS) at Oak Ridge National Laboratory. An
alternative configuration using KSr2I5 scintillator has also been tested. We report details of the technique used to measure this
small decay branch, the expected sensitivity, and the status of the analysis.

Experiments: Precision and Low Energy / 721

The PADME charged particle spectrometer

Authors: Paola Gianotti!; Isabella OceanoNone

VINFN Laboratori Nazionali di Frascati (IT)
Corresponding Author: isabella.oceano@le.infn.it

The PADME experiment aims at searching signals of a dark photon A,Ad. This is done evaluating the final state missing mass of
the process e+ e,af ,Uf A’(E> by knowing the beam energy and measuring the four-momentum of the ordinary recoil photon. The
determination of this quantity, and the capability to reject the background, are the key points for the success of the experiment.
Three charged particle detectors are employed to detect the positrons that have radiated a high energy photon in the target (PVeto),
electrons from the beam interactions in the target or from particles which decay to final states with electrons (EVeto), and the
positrons with a relatively low energy radiation in the target (HEPVeto). All three detectors are made of plastics scintillator bars
placed inside the vacuum vessel of the PADME setup.

PADME Commissioning took place in 2018-2019 with the beam of the Linac of the local Beam Test Facility (BTF) and results
and performance of the veto stations will be presented.
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A High Efficiency Cosmic Ray Veto Detector for the Mu2e Experiment at
Fermilab

Author: Edmond DukesNom
Corresponding Author: ecd3m@virginia.edu

The Mu2e experiment is designed to search for the charged-lepton-flavor-violating
process, (1~ to a e, with unprecedented sensitivity. The single 105-MeV

electron that results from this process can be mimicked by electrons produced by
cosmic-ray muons traversing the detector. An active veto detector surrounding

the apparatus is used to detect incoming cosmic-ray muons. To reduce the backgrounds
to the required level it must have an efficiency of about 99.99\% as well as

excellent hermeticity. The detector consists of four layers of scintillator counters,

each with two embedded wavelength-shifting fibers, whose light is detected by

silicon photomultipliers. The design and expected performance of the cosmic ray

veto detector will be described.

Funding information:
US Department of Energy

Experiments: Precision and Low Energy / 586

Modular J-PET applications in medical and particle physics

Authors: Sushil Sharma'; Szymon NiedzwieckiNone: Krzysztof KacprzakN"“e; Pawel Moskal™°"¢: on behalf of the J-PET collaborationN°"®

! Jagiellonian University
Corresponding Author: sushil.sharma.uj@gmail.com

J-PET is the first facility of its kind developed for applications in both medical and particle physics [1]. Recently, a new prototype
based on modular construction (24 modules) is commissioned [2]. Each module is made of 13 plastic scintillators and can be used
as a standalone, compact, and portable detection unit. In the framework of J-PET, the decays of positronium atoms in their ground
state are being studied. Several odd-symmetric operators are constructed out of the momentum vectors of annihilation photons
originating from the decays of metastable o-Ps atoms [1]. The spin of the o-Ps atom can also be accessed by reconstructing the
3D vertex positions of 0-Ps annihilations. Few operators utilize the photon, Ads polarization direction which is the unique feature
of the J-PET detector. The specifics of Modular J-PET and its applications will be discussed.

[1]1 P. Moskal, PET Clin. 15 (2020) 439-452; P. Moskal et al, Acta Pys. Pol. B 47, 509 (2016)
[2] E. Czerwi~Nski,Cern courier 2018
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An Helium calorimeter for Anti-Deuteron identification in cosmic rays.

Authors: Francesco Nozzoli'; Roberto Iuppa1 ; Ester Ricci?; Paolo Zuccon!

U Universita degli Studi di Trento and INFN (IT)
2 Universita degli Studi di Trento and INFN (IT)
Corresponding Author: francesco.nozzoli@cern.ch

Low energy anti-deuterons in cosmic rays are considered a golden channel for the search of Dark matter annihilations in the
galaxy.

Anti Deuteron Helium Detector (ADHD) project is aiming to study the signatures offered by an high pressure He target for the
identification of anti-deuterons in space.

In particular exotic atoms are produced by stopping anti-protons/anti-deuterons in the gas and the captured particle can orbit the
He nucleus for microseconds before the annihilation.

This meta-stability is an unique feature for the He target and the characteristic delayed annihilation is a distinctive signature to
identify the antimatter nature of the stopping particle.

A prototype of pressurized calorimeter, filled by 200 Bar He, has been characterized with muons and with 70-240 MeV proton
beam in the INFN-TIFPA laboratory.

Sensitivity of a possible anti-deuteron space-detector based on pressurized He and the results of the measured response of the He
calorimeter will be summarized.

Experiments: Space and Particle Astrophysics / 336

A dedicated SiPMs array for GRD of GECAM

Author: Xilei Sun'

!\ JHEP
Corresponding Author: sunxl@ihep.ac.cn

The discovery of gravitational waves and their gamma bursts has opened the era of multi messenger astronomy. China’s
Gravitational wave high energy Electromagnetic Counterpart All-sky Monitor (GECAM) uses two small satellites to monitor
gamma-ray bursts in an all-sky field of view. It has a quasi-real-time gamma-ray burst broadcast capability and will play an
important role in the location of gravitational wave sources and subsequent observations. Each GECAM small satellite is
equipped with 25 3-inch diameter gamma ray detectors (GRD), which can cover 8 keV-2 MeV. GRD uses SiPMs instead of PMT
to adapt to the size constraints of micro-satellite platforms, and uses high light yield lanthanum bromide crystals to lower the
threshold to 8 keV. A unique 3-inch circular SiPMs array has been designed, using 64 6x6 mm chips, uniformly arranged in a
circular shape. This presentation will introduce the status of GECAM and then focus on the SiPMs array, includes its design and
performance.

Funding information:
the Key Research Program of Frontier Sciences, Chinese Academy of Sciences (Grant NO. QYZDB-SSW-SLHO012)
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Massive argon space telescope (MAST): concept and physical program
Authors: Timur Dzhatdoev'; Egor Podlesnyi!

! Moscow State University
Corresponding Authors: timurl606 @ gmail.com, podlesnyi.eil4 @physics.msu.ru

Modern rocket launchers such as Falcon Heavy are able to lift up to 30,Ai40 t payloads to medium (approximately 500 km)
circular Earth orbits. Therefore, it is timely to consider a concept of a very massive space gamma-ray telescope that could in
future serve as a successor to the Fermi-LAT instrument. We propose a new gamma-ray telescope called MAST (an abbreviation
from ,AtiMassive Argon Space Telescope, At for the energy range of 100 MeV ,Ai 1 TeV based on the liquid Argon time
projection chamber technique [Dzhatdoev & Podlesnyi, Astropart. Phys., 112, 1 (2019)]. We show that MAST could have
the angular resolution 3-10 times better than the Fermi-LAT one and the differential sensitivity 10-30 times better than the
Fermi-LAT one. Finally, we demonstrate the potential of the proposed instrument in several long-standing astrophysical problems
[Dzhatdoev et al., Phys. Rev. D, 102, 123017 (2020); Khalikov & Dzhatdoev, arXiv:1912.10570].

Experiments: Space and Particle Astrophysics / 696

The Scintillating Fiber Tracker of the HERD facility

Authors: Chiara Perrina!; Daniel La Marra'; Frank Raphael Cadoux!; Philipp Azzarello'; Xin Wu'; Yannick Favre!

! Universite de Geneve (CH)
Corresponding Author: philipp.azzarello@cern.ch

The High Energy cosmic-Radiation Detection facility (HERD) will be one of the future astronomy missions on board the Chinese
Space Station (CSS).

The installation of HERD on the CSS is planned for 2025, for an operation of at least 10 years. HERD is composed of an almost
cubic calorimeter, a tracking system, plastic scintillator detectors, silicon charge detectors, and a transition radiation detector.
The tracker, made of scintillating fibres connected to SiPM arrays, will provide a full coverage of the 5 sensitive sides of the
calorimeter, allowing for a sub-degree angular resolution and multiple independent measurements of the charge of the nuclei. We
will present the tracker design, the DAQ electronics as well as the SiPM arrays. The prototype fibre module tests in particle
beams at CERN will be presented. The space qualification tests (vibration and thermal vacuum tests) of two x-y tracking planes
of "1m2 partially equipped with fully functioning modules will be presented.
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First space application of Monolithic Active Pixel Sensors for particle track-
ing: the High Energy Particle Detector onboard the CSES-02

Authors: Sergio Bruno Ricciarini!; Stefania Beole?; Silvia Coli3; Lorenzo De Cilladi?; Roberto Iuppa4; Ester Ricci*; Paolo Zuccon*

U IFAC-CNR and INFN, Firenze (IT)

2 Universit\/1 degli Studi di Torino and INFN Torino (IT)
3 INFN Torino (IT)

4 Universit\/ 1 degli Studi di Trento and TIFPA (IT)

Corresponding Author: s.ricciarini @ifac.cnr.it

We report on the tracker of the High Energy Particle Detector, to be launched on board the second China Seismo Electromagnetic
Satellite in mid 2022. The tracking module will be made of ALPIDE Monolithic Active Pixel Sensors, a 3.0x1.5 cm? ASIC,
fabricated with a 180 nm CMOS process. The use of Monolithic Active Pixel Sensors is unprecedented in space applications and
demands for specific solutions to limit the power consumption and ensure robustness against the mechanical and thermal stresses
that the module has to withstand during the launch and in operation.

We describe the process of qualification that we have carried out in the last two years, detailing the tracker layout, the operation
mode, the control and the readout. Results from tests at space qualification facilities and from beam tests are provided,

demonstrating the effectiveness of Monolithic Active Pixel Sensors for space applications and the performance of ALPIDE for
the HEPD scientific case.

Experiments: Space and Particle Astrophysics / 376

Status of the Telescope Array detectors

Author: Eiji KidoNo®
Corresponding Author: ekido@icrr.u-tokyo.ac.jp

Telescope Array (TA) is the largest ultrahigh energy cosmic-ray (UHECR) observatory in the Northern Hemisphere. It explores
the origin of UHECRSs by measuring their energy spectrum, arrival-direction distribution, and mass composition using a surface
detector (SD) array covering approximately 700 km? and fluorescence detector (FD) stations. TA has found evidence for a cluster
of cosmic rays with energies greater than 57 EeV. In order to confirm this evidence with more data, it is necessary to increase
the data collection rate. We have begun building an expansion of TA that we call TAx4. In this presentation, we explain the

motivation, design, technical features, and performance of the TA and TAx4 detectors. We also present resent results of the
experiment.
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The AugerPrime Radio Detector

Author: Felix Schl,/°ter for the Pierre Auger Collaboration!

! Karlsruhe Institut of Technology - Institut for Astroparticle Physics
Corresponding Author: felix.schlueter @kit.edu

The Pierre Auger Observatory measures the spectrum of cosmic rays at energies well beyond 10*°eV with unprecedented
accuracy. Currently, it is being upgraded to increase its mass-composition sensitivity. The upgrade includes the installation of
a radio antenna on top of each of the 1661 autonomously operating water-Cherenkov detector stations, covering an area of
3000km?. The radio antennas are fully integrated within the existing detector stations. This allows sharing the (particle-) trigger
and wireless data acquisition system.

An introduction to the AugerPrime Radio Detector, its design and technical implementation, will be given. The first data
taken with a prototype array are presented and ongoing calibration efforts discussed. Furthermore, first results of the expected
performance, investigated with an end-to-end simulation study, are shown. Based on this, the scientific potential of coincident
detection with the Auger radio and particle detectors is highlighted.

Experiments: Space and Particle Astrophysics / 601

Fast imaging of single photons for astronomical applications

Author: Andrei NomerotskiNome
Corresponding Author: nomerot@googlemail.com

Fast imaging of optical photons may play important role not only in particle physics experiments but also in astronomical
observations. It has been recently suggested that optical interferometers would not require a phase-stable optical link between the
stations if instead sources of quantum-mechanically entangled pairs could be provided to them, enabling extra-long baselines
and, therefore, much improved astrometrical precision. To efficiently interfere the photons must be close enough in time and
frequency or, formulating it differently, to be indistinguishable within the Heisenberg uncertainty principle. This sets stringent
requirements on temporal measurements needed to determinate the two-photon correlators. Here we discuss requirements on the
instrument for those observations, in particular, on its temporal and spectral resolution. We will also discuss possible technologies
for the instrument implementation and first proof-of-principle experiments.
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The hybrid detector stations of the IceCube surface array enhancement
Author: Thomas Huber!

! Karlsruhe Institute of Technology - KIT
Corresponding Author: thomas.huber @kit.edu

The IceCube Collaboration plans to upgrade IceTop, the surface array located on the South Pole glacier, with scintillation
detectors augmented by radio antennas. The enhancements will help measure and mitigate the effects of snow accumulation
on the IceTop tanks, as well as improve the measurements of high-energy cosmic rays. The enhancements also provide R&D
experience for the next generation (IceCube-Gen2) detectors.

A full prototype station was installed near the center of the IceTop array during season 2019/20. The station features custom-
designed DAQ electronics and consists of three radio antennas and eight scintillation detectors, each read out by a silicon
photomultiplier (SiPM).

This talk will focus on the DAQ and detector R&D, calibration methods, and the results from operation of the prototype station.
Future plans for instrumenting the entire IceTop array with hybrid stations will be presented.

Experiments: Space and Particle Astrophysics / 642

KM3NeT: a next-generation undersea neutrino telescope

Authors: Veronique Van Elewyck'; Daan van Eijk?

U Universite Paris Diderot
2 Nikhef
Corresponding Author: dveijk @nikhef.nl

KM3NeT is a distributed undersea research infrastructure in the Mediterranean Sea that will host two next-generation neutrino
telescopes, ORCA and ARCA. Both consist of a regular 3D array of Digital Optical Modules (DOMs) equally spaced along
flexible lines anchored on the seabed.

Built upon the expertise acquired with the currently operating ANTARES telescope, KM3NeT integrates significant technological
improvements, among which a novel DOM design with 31 small (3") photomultipliers, leading to improved directional
information and a smarter exploitation of the good optical properties of seawater. Data are sent to shore via an optical network
supporting rates up to O(100) Gbps, then filtered by a flexible on-line software trigger system, also able to generate and receive
external triggers in the context of multimessenger astronomy.

This contribution presents the design and status of the infrastructure, including the results obtained with the first detection units.
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A 4D fast tracking detector for the high-luminosity LHC

Authors: Nicola Neri'; Marco Petruzzo!; Mauro Citterio!; Stefano Riboldi?; Paolo Gandini?

! Universit\/+ degli Studi e INFN Milano (IT)
2 Universita’ degli Studi di Milano
3 INFN Milano (IT)

Corresponding Author: marco.petruzzo@cern.ch

We present recent results of the R&D for a novel 4D fast tracking system based on rad-hard pixel detectors and front-end
electronics capable of reconstructing 4-dimensional particle trajectories in real time. The detector features excellent timing
resolution of 30 ps, recently measured on a beam test, and 55 micron pitch for the 3D silicon pixel sensor. A stub-based fast
tracking algorithm has been implemented and tested in commercial FPGA using a pipelined architecture and allows reconstruction
at 40 MHz event rate. Tracking performance for a 4D pixel detector for a future upgrade of the LHCb experiment will be also
discussed.

Experiments: Trackers / 533

Investigation of radiation damage effects in the CMS pixel detector

Author: CMS collaborationNome
Corresponding Author: danyyl.brzhechko@cern.ch

The CMS pixel subdetector was upgraded at the beginning of 2017. CMS has seen a delivered integrated luminosity of 120
fb™!, resulting in a fluence of 1 x 10%°ne,/cm? received by the innermost layer of the Phase-1 pixel detector, after two years
of operation in 2017-2018. Studies of radiation damage effects are essential to understand their implications on the detector
operation as well as on its performance. The evolution of the detector properties, such as leakage current and depletion voltage,
was studied during the data taking period. In this presentation we discuss the simulation of leakage current and depletion voltage
in 2017-2018 for Phase-1 CMS pixel detector and compare it with the direct measurements of these parameters.

O8]
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The—1 New Small Wheel Project for the ATLAS muon Spectrometer

Author: Tony Kwan'
Co-author: Muon Coll. ATLAS 2

! McGill University, (CA)
2 ATLAS
Corresponding Author: tony.kwan@cern.ch

The ATLAS collaboration at LHC has chosen the Large size multi-gap resistive strips Micromegas technology along with the
small-strip Thin Gap Chambers (sTGC) for the high luminosity upgrade of the first muon station in the high-rapidity region, the
so called New Small Wheel (NSW) project.

The NSW system is currently under construction and will be installed in the ATLAS underground cavern during the LHC long
shutdown 2 to enter in operation for Run3.—f —7

The construction of Micromegas and sTGC series detectors is now close to completion at the construction sites distributed all
around the world.—¥

At CERN, the final validation and integration of the modules in sectors composing the wheel is well advanced.—7

In this presentation the motivation of the NSW upgrade and the current status of the project will be reviewed, with particular
focus on the main challenges, the adopted solutions and measured performance of the system.

Experiments: Trackers / 279

The novel, truly cylindrical, ultra-thin silicon detector for the ALICE Inner
Tracker System

Author: Magnus Mager!

! CERN
Corresponding Author: magnus.mager @cern.ch

ALICE is planning to replace its innermost tracking layers during LHC Long Shutdown 3 with a novel detector that will be as
close as 18 mm to the interaction point and as thin as <0.05% XO per layer. To achieve these figures, a wafer-scale Monolithic
Active Pixel Sensor in 65 nm technology is being developed. This sensor, fabricated on 300 mm wafers, will reach dimensions of
up to 280 by 94 mm. They are subsequently thinned down to values between 20-40 (E°m, where they become flexible and are
bent into truly cylindrical half-barrels.

Following the publication of a Letter of Intent by ALICE in 2019, a very active R&D programme on bent silicon detectors has
started.

This contribution will review the detector concept, the physics motivations, and lays out the R&D path. Mechanical integration
tests with ultra-thin silicon wafers as well as electrical test of bent MAPS, including beam test results, will be shown and
demonstrate the feasibility of this new class of tracking detectors.
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A novel TPC concept for a fast tracker for MAGIX

Author: Jakob Gulker!
Co-authors: Andrea Brogna 2. David Markus 3; Harald Merkel 3; Pepe G/lker 3. Peter Bernhard 2; Quirin Weitzel 2. Stefano Caiazza 3

! Johannes Gutenberg Universitaet Mainz (DE)

2 PRISMA Detector Laboratory, Johannes Gutenberg University Mainz

3 Institute for Nuclear Physics, Johannes Gutenberg University Mainz, 55128 Mainz, Germany
Corresponding Author: jakob.gulker@cern.ch

MAGIX is a new precision experiment, currently being developed at the Johannes Gutenberg University in Mainz, that will
explore fundamental nuclear and particle physics at energies up to 100 MeV at the MESA high intensity electron beam.

To achieve its goals, MAGIX requires two short-drift, low material budget TPCs. Those detectors will feature a novel open
field-cage concept to reduce the material budget and will be among the first major users of the new SRS+VMM3 readout system
which will allow them to achieve readout rates above 100 kHz.

To test the new technologies and ideas employed in the detector design, we built a small GEM-based prototype which was tested

in the PRISMA Detector Laboratory, as well as in the test-beam line of the MAMI accelerator.
In this work, we will illustrate the most innovative aspects of this project and present the results of the measurement campaigns.

Experiments: Trackers / 695

Study of the performances of the DAMPE silicon-tungsten tracker after five
years of mission

Authors: Chiara Perrina'; Maria Ionica?; Giovanni Ambrosi®; Enrico Catanzani’; Philipp Azzarello'; Andrii Tykhonov1 ; Xin Wu!

U Universite de Geneve (CH)

2 INFN Perugia

3 Universita e INFN, Perugia (IT)
Corresponding Author: enrico.catanzani @cern.ch

DAMPE (Dark Matter Particle Explorer) is a satellite-based experiment launched in December 2015 and smoothly taking
data after five years of mission. The Silicon-Tungsten Tracker (STK) is characterized by 6 double layers of silicon microstrip
detectors, ensuring a total detection area of ~ 7 m?® and three tungsten plates of 1 mm tick placed in the mechanical support
structure aimed to the photon conversion in e + e— pairs. The STK has a double role: precise reconstruction of the track of
both charged particles and photons with a resolution better than 70 m, identification of the charge of the incoming cosmic rays.
The STK permits to improve the particle identificaction together with the increase of the background rejection power in case of
single-species studies. The STK performances are excellent after five years of continuous operation in space: in this contribution
the STK in-orbit calibration and performances during the whole DAMPE mission will be presented.
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CMS Phase-2 Inner Tracker Upgrade

Author: Sudhir Malik!

U University of Puerto Rico (PR)
Corresponding Author: sudhir.malik@cern.ch

The HL-LHC conditions of instantaneous peak luminosity up to 7.5x10"34 cm-2 s-1 and an integrated luminosity of the order
of 300 fb™-1/year would result in 1 MeV neutron equivalent fluence of 2.3 x 10"16 neq/cm?2 and a total ionizing dose (TID)
of 12MGy (1.2 Grad) at the center of CMS, where its innermost component, the Phase-2 Pixel Detector will be installed. The
detector should survive the above radiation dose, handle hit rates of 3GHz/cm™2 at lowest radius, be able to separate and identify
particles in extremely dense collision debris, deal with a pileup of 140-200 collisions per bunch crossing and have high impact
parameter resolution. This translates into a highly granular detector design with thinner sensors and smaller pixels, and a faster
and radiation hard electronics compared to the Phase-1 counterpart. This presentation focuses reviews the Phase-2 upgrade of the
CMS silicon pixel detector focusing on the features of the detector layout and on developments of pixel devices.

Funding information:

Experiments: Trackers / 398

The LHCb VELO Upgrade

Authors: Kazuyoshi Carvalho Akiba'; Paula Collins?; Vinicius Franco Lima3

! Nikhef
2 CERN
3 University of Liverpool (GB)
Corresponding Author: vinicius.franco.lima@cern.ch

The Vertex Locator (VELO), surrounding the interaction region of the LHCb experiment, reconstructs the collision points
(primary vertices) and decay vertices of long-lived particles (secondary vertices). The upgraded VELO will be composed of 52
modules placed along the beam axis divided into two retractable halves. The modules will each be equipped with 4 silicon hybrid
pixel tiles, each read out with by 3 VeloPix ASICs, glued onto a thin silicon plate with embedded micro-channels that allow the
circulation of liquid CO.. The silicon sensors must withstand an integrated fluence of up to 8x10%° 1 MeV ne4/cm?, a roughly
equivalent dose of 400 MRad. The highest occupancy ASICs will have pixel hit rates of 900 Mhit/s and produce an output data
rate of over 15 Gbit/s.

The design of the VELO upgrade will be presented with the results from the latest R\&D and detector construction.

Funding information:
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ATLAS ITk Pixel Detector Overview

Authors: Jens Weingartenl; Francisca Munoz Sanchez?

U Technische Universitaet Dortmund (DE)
2 University of Manchester (GB)
Corresponding Author: francisca.javiela.munoz.sanchez@cern.ch

For the HL-LHC upgrade the current ATLAS Inner Detector is replaced by an all-silicon system. The Pixel
Detector will consist of 5 barrel layers and a number of rings, resulting in about 14 m2 of instrumented area.
Due to the huge non-ionizing fluence (1e16 neq/cm2) and ionizing dose (5 MGy), the two innermost layers,
instrumented with 3D pixel sensors (LO) and 100(E°m thin planar sensors (L1) will be replaced after about 5
years of operation. All hybrid detector modules will be read out by novel ASICs, implemented in 65nm CMOS
technology, with a bandwidth of up to 5 Gb/s. Data will be transmitted optically to the off-detector readout
system. To save material in the servicing cables, serial powering is employed for low voltage.

Large scale prototyping programs are being carried out by all sub-systems.

The talk will give an overview of the layout and current status of the development of the ITk Pixel Detector.

Experiments: Trackers / 562

A new Triple-GEM Tracking Detector for COMPASS++/AMBER

Authors: Jonathan Floethner! ; Markus Ball!; Christian Honisch'; Igor Konorov?; Michael Lupberger1 ;Jan Bj/Orn Paschek! ; Emorfili Terzimpasog:,rlouI ;
Bernhard Ketzer!

U University of Bonn (DE)
2 Technische Universitaet Muenchen (DE)
Corresponding Author: karl.jonathan.floethner@cern.ch

The COmmon Muon Proton Apparatus for Structure and Spectroscopy (COMPASS) operates since 2001 and is one of the longest
running experiments at CERN. Its phase II is scheduled to be completed in 2022 with a measurement of transverse-momentum
dependent PDFs in deep inelastic scattering of muons on a deuterium target.

A new proposal for a future QCD facility at the M2 beamline has been accepted recently. Running under the name COM-
PASS++/AMBER, the plans include, i.a., a measurement of the proton radius in elastic muon-proton scattering and studies of the
pion PDFs using the Drell-Yan process.

The physics program requires an upgrade of the existing GEM tracking system. Currently an improved version of medium-size
GEM detectors is being constructed to replace some of the existing detectors.

Future plans include a central pixel readout and front-end electronics which can operate in a self-triggered way. The presentation
will show the design and the current status of these detectors.

Funding information:

Supported by BMBFE.
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Irradiation studies at the Bern Cyclotron for the ATLAS ITk Upgrade

Authors: Jens Weingarten1 ; Francisca Munoz Sanchez?; Lea Halser?

U Technische Universitaet Dortmund (DE)
2 University of Manchester (GB)
3 Universitaet Bern (CH)

Corresponding Author: lea.halser@cern.ch

At the high-luminosity LHC, the radiation levels for participating experiments will increase by over one order of magnitude in
TID compared to current levels. Therefore, components and materials installed closest to the interaction points, such as the new
ATLAS Inner Tracker (ITk), have to be tested for their durability in high-radiation environments. The variety and multitude
of materials and components requires a large number of irradiation campaigns. For this purpose, the irradiation facility at the
Bern medical cyclotron, an 18 MeV proton accelerator, can be utilised. The laboratory setup allows for studies of radiation
hardness of different samples, such as cables, connectors, electronics and shielding materials.This talk gives an overview of
various irradiation campaigns of components and materials for the ITk readout system, which were recently performed at the
Bern cyclotron.

Experiments: Trackers / 334

Development of a System for Beam Abort and Luminosity Determination at
the HL-LHC based on polycrystalline CVD diamond

Authors: Bostjan Macek!; Moamen Abusareyaz; Andrej Gorisek!; Harris Kagan3; Marko Mikuz'; Alexander Oh#; Alice Laura Porter*; Dale Shane
Smith3; William Trischuk?

U Jozef Stefan Institute (SI)

2 Ohio State University

3 Ohio State University (US)

4 University of Manchester (GB)

3 University of Toronto (CA)
Corresponding Author: bostjan.macek @ijs.si

The High Luminosity upgrade of Large Hadron Collider (HL-LHC) will increase the LHC Luminosity by an order of magnitude
increasing with it the density of particles on the detector by an order of magnitude. For protecting the inner detectors of
experiments and for monitoring the delivered luminosity, a radiation hard beam monitor is being developed. We are developing a
set of detectors based on poly-crystalline Chemical Vapor Deposition (pCVD) diamonds and a dedicated rad-hard ASIC. Due
to the large range of particle flux through the detector, flexibility is very important. To satisfy the constraints imposed by the
HL-LHC, our solution is based on segmenting each single diamond sensor into multiple devices of varying size and reading them
out with a new multichannel readout chip. In this talk we describe the proposed system design including detectors, electronics,
mechanics and services and present preliminary results from the first detectors fabricated using our prototype ASIC.
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The ALICE Muon Forward Tracker project: status and expected performances

Author: Lucrezia Camilla Migliorin!

U IP2I Lyon CNRS Centre National de la Recherche Scientifique
Corresponding Author: 1.migliorin@cern.ch

The ALICE Muon Spectrometer (MS) has produced, during the LHC Run 1 and Run 2, a wealth of precise and remarkable
results on single muon and dimuon observables, despite the absence of a dedicated vertex detector in the rapidity region of
interest. To overcome this limitation, a completely new all-pixel Si detector, the Muon Forward Tracker (MFT), has recently been
installed at forward rapidity, close to the interaction point. The MFT is part of the ALICE detector upgrade for the LHC Long
Shutdown 2 in view of the LHC Run 3 and Run 4. Composed of 936 CMOS pixel sensors, the MFT shares the same technology
employed for the new ALICE Inner Tracking System. Covering almost the full acceptance of the MS, these sensors are arranged
around the beam pipe in 5 vertically positioned disks made of light carbon composite materials. The technical aspects of the MFT
project will be discussed, together with the main highlights from the present commissioning and expected physics performance.

Experiments: Trackers / 460

The ATLAS Strip Detector System for the Phase-II LHC Upgrade

Authors: William Trischuk!; Alessandra Ciocio?

U University of Toronto (CA)
2 Lawrence Berkeley National Lab. (US)
Corresponding Author: karol.krizka@cern.ch

ATLAS is preparing for the HL-LHC upgrade, where integrated and instantaneous luminosity will reach unprecedented values.
For this, an all-silicon Inner Tracker (ITk) is under development with a pixel detector surrounded by a strip detector. The
strip system consists of 4 barrel layers and 6 endcap disks. After completion of FDRs in key areas, such as Sensors, Modules,
Front-End electronics and ASICs, prototyping has been completed successfully. Pre-production is about to start. We present an
overview of the Strip System, and highlight the final design choices of sensors, module designs and ASICs. We will summarise
R&D results achieved during prototyping, including irradiated modules demonstrating the radiation hardness achieved. In
addition, we will outline the current status of pre-production on various detector components, with an emphasis on QA and QC
procedures. We will also discuss the plans for the pre-production and production phase distributed over many institutes.
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Preliminary results from the cosmic data taking of the BESIII cylindrical
GEM detectors

Authors: Riccardo Farinelli'; Gianluigi Cibinetto?; Michela Greco?®

U Universita e INFN, Ferrara (IT)
2 INFN Ferrara
3 INFN-UniTO
Corresponding Author: greco@to.infn.it

The leptonic collider BEPCII (Beijing Electron Positron Collider II) at IHEP in Beijing hosts the BESIII (Beijing Spectrometer
III) experiment. The data taking is running since 2009 and 10 more year extension has been approved. Upgrades of the machine
and the detector are on going to improve the measurement precision and to extend its physics program. In this presentation
a description of the upgrade of the IT (inner tracker) with a cylindrical GEM (Gas Electron Multiplier) will be shown. The
CGEM-IT is composed of three triple-GEM detectors cylindrically shaped. An analogue readout through the TIGER ASIC
assures the time and charge measurement and it guarantee excellent performance on the wide range of incident angles at 1 Tesla
magnetic field. Actually, two of the three layers have been assembled together and a complete test with the final configuration of
readout chain and HV distribution is ongoing.

Plenary / 726

Welcome
Corresponding Author: isabel.trigger@cern.ch

No abstract provided.

Plenary / 728

CEPC

Corresponding Author: jianchun.wang @cern.ch

To be expended
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Low Energy e+e- Colliders
Corresponding Authors: ivan.koop@cern.ch, i.a.koop @inp.nsk.su

A brief overview of the development of the idea of colliding electron-positron beams is given. It led to the appearance of many
modern installations-factories with extremely high productivity-luminosity. This development progressed as complexity increased
from simple single ring machines with a single bunch in the beam to two ring machines with hundreds or even thousands of
circulating bunches in each of the storage rings, such as PEP-II, KEKB, DAFNE, BEPCII/BESIII, and SuperKEKB.

A revolutionary solution in the technology of colliding beams was P.Raimondi’s proposal to meet flat beams not head-on, but
at a significant angle in the horizontal plane. At the same time one should compensate for the geometric loss of luminosity by
additional compression of their transverse dimensions and reducing the value of the vertical beta function at the point of meeting
the beams to a level significantly smaller than the length of the bunches.

The parasitic modulation of the moment of meeting of the particle with the centerline of the oncoming beam by the horizontal
coordinate of the particle, which occurs in this scheme, leading to the vertical blow up, is proposed to be suppressed by a pair of
sextupole lenses located before and after the meeting point. They work in such a way that always shift the vertical waist of the
incoming beam to the centerline of the oncoming beam, cancelling effectively y-x coupling.

This approach, dubbed Crab Waist, is now widely accepted and is at the heart of almost all future electron-positron collider
projects, including Tau-Charm in Novosibirsk, FCC-ee at CERN, and CEPC in China. Other concepts of cyclic colliders, such as
round colliding beams and mu-mu-tron, are also discussed.

Plenary / 730

Status and perspectives of the ILC and CLIC studies

Corresponding Author: benno.list@desy.de

A Higgs factory is considered the highest-priority next collider in the EPPSU 2020 strategy update. Two linear colliders projects,
the International Linear Collider (ILC) and the Compact Linear Collider (CLIC), currently under study are among the candidates
being considered. Although the linacs accelerating the particles use different RF technologies they share similar challenges,
for example related to nanobeams, injectors and positron production, and provide a similar environment to detectors. The talk
will summarize recent developments and the current status of the two projects, including their baselines parameters, on-going
technology and performance studies, near future plans and international planning.

Plenary / 731

New technology and breakthroughs in axion dark matter search
Corresponding Author: semertzidis@bnl.gov

The axion dark matter search, even up a few years ago, looked nearly impossible to reach theoretically interesting sensitivities
due to very feeble coupling strengths with ordinary matter and with itself. Recently, ADMX has reached DFSZ level sensitivities
for frequencies below 1 GHz. Above 1 GHz, the situation becomes again very difficult very rapidly, but our recent breakthrough
innovations and technological achievements make it possible to reach DFSZ level sensitivities for the 1-20 GHz frequency range
eventually even for 10% of axion fraction in the local dark matter density.
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Introduction to poster sessions
Corresponding Author: claire.david@cern.ch

No abstract provided.

Plenary / 732

The Electron-Ion Collider: A collider to unravel the mysteries of visible mat-
ter - Its Experimental Equipment

Corresponding Author: elke @bnl.gov

Understanding the properties of nuclear matter and its emergence through the underlying partonic structure and dynamics of
quarks and gluons requires a new experimental facility in hadronic physics known as the Electron-Ion Collider (EIC). The
EIC will address some of the most profound questions concerning the emergence of nuclear properties by precisely imaging
gluons and quarks inside protons and nuclei such as their distributions in space and momentum, their role in building the
nucleon spin and the properties of gluons in nuclei at high energies. In January 2020 the EIC received CD-0 and Brookhaven
National Laboratory was selected as site. This presentation will highlight the experimental equipment and its integration into the
accelerator and give the status of the EIC project.

Plenary / 733

Detector challenges from HL-LHC to FCC

Corresponding Author: werner.riegler @cern.ch

The HL-LHC poses some serious challenges to particle detectors, with a luminosity of 5x10"34 cm"-2s-1, a pileup of up to
200 pp collisions per bunch-crossing and hadron fluence of up to 2x10°16 cm”™-2 in the most exposed silicon sensors. The LHC
community is at this moment preparing the detector upgrades for this project to be installed in the middle of this decade. The
FCC-hh is a 100TeV next generation hadron collider, which will again increase the detector challenge by 1-2 orders of magnitude
in terms of particle rates and radiation load. This talk will review the detector challenges at such a future facility.
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The physics and engineering of total-body PET
Corresponding Author: eberg@ucdavis.edu

Total-body imaging with positron emission tomography (PET) was recently developed through a large, international collaboration
(EXPLORER), that has so far resulted in the construction of several prototype and preclinical total-body PET systems for
research purposes, along with the FDA-approved uEXPLORER total-body PET/CT system. Here, total-body PET imaging is
achieved by extending the cylindrical scanner length to 194 cm compared to the “20-30 cm axial lengths of all other clinical PET
systems. A longer scanner allows for the detection of 511 keV photons generated from positron-electron annihilation across
the entire body simultaneously, along with detecting a greater number of coincident 511 keV photon pairs due to the increased
solid angle of detection. While this general principle of total-body PET is relatively straightforward, the physics and engineering
involved in total-body PET are not. I will describe the physics considerations of total-body PET from the detectors to data
corrections, elaborate on the engineering challenges associated and encountered with the development of the first 2-meter long
uEXPLORER PET/CT system at UC Davis, and give my outlook for the opportunities and current innovations in instrumentation
for total-body imaging.

Plenary / 745

Technologies for manipulating and measuring antihydrogen for fundamental
physics

Author: Makoto Fujiwara!

U TRIUMF (CA)
Corresponding Author: makoto.fujiwara@cern.ch

Precision comparisons of properties of well-studied hydrogen with its antimatter counterpart, antihydrogen, provide opportunities
for testing foundational principles of modern physics ,Al such as CPT invariance and Weak Equivalence Principle. Since the
beginning of the Antiproton Declarator facility at CERN in 1999, significant progress has been made in developing techniques
for synthesizing, trapping, manipulating, and measuring atoms made of antimatter. As a result, the precision of antihydrogen
measurements [e.g. Nature 557, 71 (2018)] is now approaching that of hydrogen. Most recently, laser cooling of antihydrogen
atoms has been demonstrated [Nature 592, 35 (2021)], a technique which has revolutionized the field of atomic physics in
the past four decades, but has not been applied to antimatter atoms A1 until now . In this talk, I will discuss some of the
key technologies which enabled the recent progress, with the emphasis on those developed by the ALPHA (Antihydrogen
Laser PHysics Apparatus) collaboration. They range from superconducting magnetic traps, VUV lasers, and a radial-drift time
projection chamber. I will also touch on a new project HAICU (Hydrogen-Antihydrogen Infrastructure at Canadian Universities)
to develop future technologies in antimatter physics, including anti-atomic fountains, antimatter-wave interferometers, and the
synthesis of anti-molecules.

Plenary / 735

Rare process searches
Corresponding Author: angela.papa@psi.ch

No abstract provided.
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Plenary / 736

Highlights of Dark matter detector technologies
Corresponding Author: mariecci@ualberta.ca

The nature of dark matter in the Universe is the Holy Grail for most particle physicists. It is a crucial element that is still missing
in our understanding of the Universe and would provide a chance to discover physics beyond the standard model. Currently many
experiments around the world are searching for dark matter and utilize detectors with large mass in extremely low background
environments. Over the last decades, dark matter detection technologies have reached sensitivities at unprecedented levels to
such an extent that new sources of backgrounds previously unseen have to be added. After giving an overview of the different
detection techniques around the world to detect directly dark matter, I will present how developing new cutting-edge technologies
and dedicated calibrations will help to address the different common challenges of dark matter detection that we are currently
facing.

Plenary / 737

Neutrino technologies
Corresponding Author: kate.scholberg@duke.edu

This talk will survey technology needs (detector and source) for next-generation neutrino experiments, and prospects for their
development

Plenary / 485

Launch and first results of Mini-EUSO telescope, observing UV emissions of
cosmic and terrestrial origin from the International Space Station

Authors: Marco Casolino'; Laura MarcelliNone; Giorgio Cambie’ 2

UINFN - National Institute for Nuclear Physics
2 University of Rome Tor Vergata
Corresponding Author: laura.marcelli@roma2.infn.it

Mini-EUSO is a detector observing the Earth in the ultraviolet band from the International Space Station, launched in 2019.
The main camera has an optical system with two Fresnel lenses and a focal surface with 2k channels and field of view of 440,
range (290-430 nm), pixel size of 6.3 km, sampling of 2.5mus, through a nadir-facing UV-transparent window in the Russian
Zvezda module. It also has 2 cameras in the near infrared and visible ranges and Silicon Photomultipliers. Mini-EUSO is capable
of observing Extensive Air Showers generated by Cosmic Rays with energy above 1e21eV and detect artificial showers. Other
objectives are the search for nuclearites and Strange Quark Matter, the study of atmospheric phenomena, meteors and meteoroids,
the observation of artificial satellites and man-made space debris.

We will discuss the instruments in the detector, its performance prior and during flight and the perspectives for future usage of
this technology in future space missions.
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Plenary / 570

Performance and Running Experience of the Belle II Silicon Vertex Detector

Author: Katsuro Nakamura!

Co-author: Stefano Bettarini 2

! KEK
2 INFN and Pisa University
Corresponding Author: katsuro@post.kek.jp

The Belle II experiment is collecting data at the SuperKEKB collider (KEK, Japan), which aims to provide 50 ab-1 integrated
luminosity with the unprecedented peak-luminosity of 6 /6 10°35 cm-2s-1.

The challenge for the Belle II detector is the harsh beam background due to the high luminosity beams. The silicon vertex
detector (SVD) is one of the vertex detectors in Belle II, consisting of four-layer double-sided silicon strip sensors. The SVD is
operating reliably since 2019, showing high stability of the noise levels and calibration parameters. The measured performance
includes excellent signal-to-noise ratio and hit efficiency, as well as hit-time and spatial resolution. Radiation effects on strip
noise, sensor currents and depletion voltage are also measured, which reasonably match expectations based on the preliminary
radiation dose evaluated by diamond sensors.

In this talk the performance of the SVD, as well as the operational experience and radiation effects, will be presented.

Plenary / 687

Hybrid pixel detectors with on-chip event selection

Author: Michael Campbell!
Co-authors: Jerome Alexandre Alozy 1. Rafael Ballabriga Sune 1 Pinelopi Christodoulou 2: Erik Heijne 2. Traklis Kremastiotis !; Xavi Llopart
Cudie !; Viros Sriskaran 3; Lukas Tlustos 2

' CERN

2 Czech Technical University in Prague (CZ)

3 EPFL - Ecole Polytechnique Federale Lausanne (CH)
Corresponding Author: michael.campbell @cern.ch

Hybrid pixel detectors offer unrivalled performance in very high rate particle tracking. Moreover, as the sensor material can
be freely chosen or replaced by a gas detector or a Micro Channel Plate the same readout ASIC may find uses in multiple
applications. The Timepix4 chip tags particle arrival times to within 200ps and is capable of digesting 700 Mhits/cm2/sec.
This, however, comes at the expense of a very high readout bandwidth. As we approach the next ASIC generation we must
ask ourselves how can we benefit from the added speed and power while limiting the readout bandwidth. In this contribution
we propose adding computational power to the periphery of the readout chip enabling data selection and compression prior to
off-chip readout. For example, in a sensor material with a high thickness to pixel pitch ratio it is possible to reconstruct particle
trajectories sending off-chip only hit information of the particles of interest e.g. high Pt tracks, single photons, electrons, etc
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The GRANDProto300 antenna and acquisition board

Author: Rene Habraken!

! Radboud | Nikhef
Corresponding Author: r.habraken@science.ru.nl

GRAND is a newly envisioned Giant Radio Array for Neutrino Detection with a sensitivity large enough to be able to measure
cosmic neutrinos in all reasonable scenarios. In its final configuration, it will consist of 200,000 radio antennas distributed
over 20 sub-arrays worldwide with a total area of 200,000 km2. GRANDProto300 is created to further develop the hardware,
software and trigger strategies for the full array. In our current stage of development we have reduced costs with respect to
previous radio arrays while increasing functionality and monitoring. In this contribution, I will highlight the design of the readout
system with a special emphasis on the S00MSPS ADC interface implemented in the FPGA part of a System on Chip (SoC). Next
to this, the various peripherals on the board are discussed with their integration in the Linux kernel running on the processor part
of the SoC. In addition, the first measurements on the performance of the whole readout chain will be presented.

Plenary / 415

HGCROC: the front-end readout ASIC for the CMS High Granularity Calorime-
ter

Authors: Damien Thienpont!; Sebastien Extier?; Christophe De La Taille; Frederic Dulucq'; Abdelmowafak El Berni®; Pierrick DINAUCOURT*

1 OMEGA - Ecole Polytechnique - CNRS/IN2P3
2 Centre National de la Recherche Scientifique (FR)
3 OMEGA (FR)
4 CNRS
Corresponding Authors: damien.thienpont@cern.ch, sebastien.extier@cern.ch

The CMS High-Granularity Calorimeter (HGCAL) imposes extremely challenging specifications for the front-end electronics:
high dynamic range, low noise, high-precision time information and low power consumption, as well as the need to select
and transmit trigger information with a high transverse and longitudinal granularity. HGCROC-V2 has 72 channels of the full
analog chain: low noise and high gain preamplifier and shapers, and a 10-bit 40 MHz SAR-ADC, which provides the charge
measurement over the linear range of the preamplifier. In the saturation range of the preamplifier, a discriminator and TDC
provide the charge information from TOT (200 ns dynamic range and 50 ps binning). A fast discriminator and TDC provide
timing information to 25 ps accuracy. We will report on the performance in terms of noise, charge and timing, the DAQ and
Trigger paths, as well as results from radiation qualification with total ionizing dose (TID) and heavy ions for single-event effects
(SEE).
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Highly Granular Calorimeters for Particle Flow
Corresponding Author: katja.kruger@cern.ch

Particle Flow algorithms promise to reach unprecedented jet energy resolution as needed for precision measurements at a
future Higgs Factory. This is accomplished by combining the information from detector components in an optimal way. A key
ingredient for this approach are highly granular calorimeters that provide a clear separation of nearby showers as well as a good
energy measurement. The CALICE collaboration is devoted to developing such calorimeter concepts optimised for Particle Flow
reconstruction.

The presentation will discuss recent developments of CALICE calorimeter prototypes and results from beam tests. It will also
highlight further applications of highly granular calorimeters, like the upgrade of the CMS calorimeter endcap for HL-LHC
(HGCAL) and possible use in future detectors.

Plenary / 739

State-of-the-art of Micro-Pattern Gaseous Detectors (RD51)

Corresponding Author: silvia.dallatorre @cern.ch

No abstract provided.

Plenary / 740

Tracking Triggers for the HL-LHC

Corresponding Author: louise.skinnari@cern.ch

he High Luminosity LHC (HL-LHC) upgrade will significantly increase the instantaneous luminosity of LHC collisions. The
resulting proton-proton datasets will allow precise measurements of Higgs boson properties, A4, Aa, searches for,Ad , Adrare
processes, and much more. However, the associated experimental environment poses significant challenges for the LHC detectors
and their triggering systems, which must therefore be upgraded.

This presentation will discuss the inclusion of hardware-based track reconstruction in the CMS and ATLAS triggering systems
for the HL-LHC, with particular focus on the track trigger capability of the upgraded CMS experiment. The presentation will
describe the challenges and opportunities of this novel capability, review the alternative implementations that were considered,
and discuss its expected performance.
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Fast timing silicon tracking detectors
Corresponding Author: abraham.seiden@cern.ch

The last few years has seen the emergence of fast timing silicon detectors, first pioneered for the HL-LHC at CERN, as an option
for deployment in large tracking arrays. These silicon detectors are based on the Low Gain Avalanche Detector (LGAD) concept,
and are being made by a large number of vendors and labs. In addition a significant amount of R&D worldwide is happening to
try and improve on the initial devices for many other applications. The device now most tested is the AC-LGAD with a goal of
providing 4-dim tracking, that is position resolution <15 microns and timing measurement <15 picoseconds for each individual
measurement. I will present the status of the LGAD family of devices and in the backup slides a number of interesting physics
applications proposed.

Plenary / 462

Update on Photon Detection Module for Precise Timing Systems and Large-
Scale Noble Liquid Experiments

Authors: Jean-Francois Pratte!; Keven Deslandes!; Val,/©rie Gauthier!; Philippe Martel-Dion'; Fr\/©d+/©ric Nolet!; Samuel Parent!; Charles
Richard!; Tommy Rossignol'; Nicolas Roy!; Nicolas St-Jean'; Fr/©d+/©ric Vachon'; Artur Turala'; R\/©jean FontaineN°"; Serge Charlebois?

! Universit\/© de Sherbrooke
2 Universit\/© de Sherbrooke.
Corresponding Author: jean-francois.pratte @usherbrooke.ca

This contribution presents an update on the Photon Detection Module (PDM) R&D for large-scale noble liquid experiments and
precise timing systems. Based on a multilayered silicon interposer, for radio purity and coefficient of thermal expansion matching
between its components, the PDM has built-in modularity for system scaling. It is based on an array of Photon-to-Digital
Converters (PDCs, a.k.a. digital SiPMs), which have advantages over analog SiPMs by using the boolean nature of Single Photon
Avalanche Diodes (SPADs). The PDM also includes a tile controller for digital signal processing, timestamping and to manage
the various components. Then a power management integrated circuit is required to bias the SPADs and the PDM components.
Finally, a laser-less silicon photonics-based communication module is integrated to interface with the data acquisition system.
The implementation status, challenges and benefits of each component will be discussed.

Plenary / 744

Skipper-CCDs and the SENSEI search for sub-GeV dark matter

Corresponding Author: meeg @slac.stanford.edu

SENSEI (Sub-Electron Noise Skipper Experimental Instrument) is a leading experiment in the search for sub-GeV dark matter.
Using the high granularity of CCDs and the sub-electron charge resolution of the Skipper readout, Skipper-CCDs can count
individual electron-hole pairs in each of millions of pixels.

The SENSEI Skipper-CCDs have measured the lowest rates in silicon detectors of events containing one, two, three, or four
electrons.

This results in world-leading sensitivity for a large range of dark matter masses, and significant improvement is expected with
the full-scale SENSEI experiment at SNOLAB.

I will present the SENSEI experiment, and discuss the status and future directions for the Skipper-CCD technology.
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Quantum enhanced methods for ultralight dark matter searches
Corresponding Author: konrad.lehnert@jila.colorado.edu

No abstract provided.

Plenary / 746

Farewell - TIPP and roadmaps
Corresponding Author: maxim.titov@cea.fr

No abstract provided.

Posters: Calorimeters / 720

The PADME Calorimeter

Authors: Paola Gianotti'!; Clara Taruggi®

U INFEN Laboratori Nazionali di Frascati (IT)
2 INFN - National Institute for Nuclear Physics
Corresponding Author: clara.taruggi @Inf.infn.it

To search a dark photon A,Ad in the process e+ e,af ,Uf A’(E>, the PADME apparatus has been built at the Frascati National
Laboratory of INFN. The core of PADME detector is an e.m. calorimeter to detect the signal and background photons produced
in the positron annihilations on the electrons of a thin target.

The PADME calorimeter consists of two components: ECAL and SAC. ECAL is a homogeneous BGO-crystal calorimeter with a
cylindrical shape with a central hole to allow the passage of large rate of Bremsstrahlung events, which are sharply peaked at
small angles. To mitigate such backgrounds, the fast Small-Angle Calorimeter is placed behind the main ECAL. The in-time
correlation of photon events in the SAC and ECAL allows the tagging of 2- and 3- gamma events and hence the efficient vetoing
of backgrounds.

PADME Commissioning took place in 2018 and 2019 at the INFN Frascati National Laboratories with the beam of the Linac of
the local Beam Test Facility (BTF) and results will be presented.
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Building Machine Learning Applications for Temporally Segmented High
Granular Multi-readout Fiber Calorimeters

Authors: Jordan Damgov1 ; Nural Akchurin!; Shuichi Kunori!; Christopher Cowden!; Adil Hussain'

! Texas Tech University (US)
Corresponding Author: a.hussain@cern.ch

New technologies have enabled the development of granular calorimeters with millions of channels. The signal of the ultra-
sampled shower produced by these devices is thought to provide greater discriminating power to event reconstruction. Combining
sub-nanosecond digitization with small area photosensors in a fiber calorimeter, we propose an enhancement to the traditional
dual readout design that provides benefits of both high-granularity and multi-readout. We show that by applying machine
learning techniques, namely Convolutional Neural Networks, Graph Neural Networks, and Recurrent Neural Networks to both a
highly granular and proposed fiber calorimeters. We see, for instance, in the simple high granularity setup, the CNN improves
reconstructed energy resolution from 40 to "33 %/sqrt(E). These results indicate the spatial distribution of energy deposition
within the sensitive elements is both identifiable (able to be learned) and representative of underlying physical processes.

Posters: Calorimeters / 287

Development, production, quality control, and assembly procedures of the
Mu2e electromagnetic calorimeter mechanical structures

Authors: Daniele Pasciuto!; Simone Donati?

U Istituto Nazionale di Fisica Nucleare - Pisa

2 University of Pisa and Istituto Nazionale di Fisica Nucleare
Corresponding Author: daniele.pasciuto@pi.infn.it

The MuZ2e calorimeter employs 1348 CslI crystals readout by SiPM and fast FE and DAQ electronics assembled in two annular
disks positioned downstream the aluminum target along the beamline.

The operational conditions (radiation levels, 1 tesla magnetic field and 10°-4 Torr vacuum) have posed tight design constraints.
The support structure of the two 674 crystals matrices employs two aluminum hollow rings and structural carbon fiber parts. The
SiPM and FE electronics associated to each crystal are assembled in a unit inserted in a copper holder and Faraday cage. The
674 units are supported by a machined plastic plate. The plate integrates the cooling system made of a network of copper lines
flowing a rad-hard fluid to maintain the SiPM temperature at O C. The DAQ electronics is hosted in aluminum crates positioned
on the external surfaces of the two disks. The crates also integrate a cooling system. We will review the design and construction
progress of the detector mechanical parts.

Page 49



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Calorimeters / 309

High-precision energy measurement of medium-light ions with the FOOT
calorimeter

Authors: Nazar Bartosik!; Piergiorgio Cerello?; Lorenzo Scavarda’
Co-authors: Mario Sitta 4; Luciano Ramello 4; Francesco Pennazio *; Nadia Pastrone !; Marco Mignone 5. Ernesto Lopez Torres 6. Giuseppe

Giraudo !; Elisa Fiorina 3; Veronica Ferrero °; Stefano Argiro 7

! Universita e INFN Torino (IT)

2 INFN

3 INFN - National Institute for Nuclear Physics

4 Universita del Piemonte Orientale (IT)

3 INFN Torino

6 Center of Technological Applications & Nuclear Development (CU)
7 Universita di Torino and INFN (IT)

Corresponding Author: nazar.bartosik @cern.ch

FOOT is a portable setup to measure fragmentation cross sections in beam-tissue nuclear interactions typical for hadron therapy,
with fragment energies reaching 400 MeV/A. The energy will be measured by a homogeneous calorimeter using 320 BGO
scintillating crystals as active material and SiPM for light-detection. A series of tests using energetic proton and Carbon beams
at the CNAO facility in Pavia, Italy, were performed to find the optimal configuration of every detector component and have
demonstrated a linear response with resolution better than 2% over the wide dynamic range from tens of MeV to a few GeV.
This contribution will present the main technical consideration of the calorimeter design, including the SiPM, reflective layer,
readout electronics and mechanics, as well as results of the latest performance tests of a 3x3 crystal module. Important challenges
including the temperature dependence, non-linear light absorption and scintillation quenching will be also discussed.

Posters: Calorimeters / 351

WITHDRAWN - Picosecond Timing Layers for Future Calorimeters: Up-
dates from the Askaryan Calorimeter Experiment (ACE)

Author: Remy Prechelt!
Co-author: Peter Gorham 2

U University of Hawaii

2 High Energy Physics Group, Univ. of Hawaii at Manoa

We report on results from the Askaryan Calorimeter Experiment (ACE) which uses the coherent microwave Cherenkov emission
from high energy particle showers in dielectric-loaded waveguides as calorimetric timing layers. Above ACE’s energy threshold,
a single 5 cm thick (1.4 Xp) layer of ACE waveguides would provide ~1 ps timing, 3D spatial constraints on the scale of
~300 um to 5 mm, and an additional energy measurement, making ACE a true 5D detector. When embedded inside another
calorimeter technology, ACE layers could provide a powerful measurement for particle-flow algorithms as well as unique
vertexing capabilities to significantly reduce pileup. Due to thermal noise limits, ACE elements have a relatively high energy
threshold so they are currently limited to future high CoM colliders like the FCC-hh. We report on new simulations from
deploying ACE layers in the barrel and forward calorimeters at future colliders and discuss ongoing research to further develop
the ACE concept.
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Status of ADRIANO2 R&D in T1604 Collaboration

Author: Corrado GattoNore
Co-author: G. Blazey, A. Dykant, K. Francis, S. Los, M. Murray, E. Ramberg, C. Royon, M. Syhers, R. Young, V. Zutshi
Corresponding Author: gatto@fnal.gov

A novel high-granularity, dual-readout calorimetric technique (ADRIANO?2) is under development as part of the research
program of the T1604 Collaboration[1]. The building block of such a calorimeter comprises a pair of optically isolated, small
tiles made of scintillating plastic and lead glass. The prompt Cerenkov light from the glass can be exploited to perform high
resolution time measurements while the high granularity provides good resolution of the spatial components of the shower.
Dual-readout compensation and particle flow techniques applied to the plastic and lead glass sections should provide excellent
energy resolution as well as PID particle identification, making ADRIANO2 a 6D detector suited for High Energy as well as
High Intensity experiments.

A report on the ADRIANO?2 project, current and future R&D plans by T1604 Collaboration, and the construction status of a new
prototype will be presented.

Posters: Calorimeters / 386

Upgrade of Projectile Spectator Detector at NA61/SHINE experiment

Author: Sergey Morozov!

! Russian Academy of Sciences (RU)
Corresponding Author: sergey.morozov@cern.ch

Projectile Spectator Detector (PSD) is a modular sampling hadron calorimeter used in the NA61/SHINE experiment to measure
collision centrality and event plane reconstruction independently from tracking detectors. Each PSD module has longitudinal
segmentation with read out by ten Hamamatsu MPPCs. A fast-analog signal from PSD modules allows selecting events with
required centrality on-line at the trigger level. Performance of the PSD will be shown for the measurements at the momentum
range 13 - 150 AGeV/c.

The new physics program of NA61/SHINE experiments requires beam rate to be increased by order of magnitude. This requires
PSD upgrade to survive in new high radiation conditions. It is proposed to use two forward calorimeters: a modified current PSD
with a beam hole in the center, and the second new calorimeter with small transverse sizes placed downstream. Details of the
PSD upgrade and results of the performance studies for the new calorimeter system will be presented.
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Design and implementation of the double read-out system for the calorimeter
of the HERD experiment

Authors: Eugenio Berti!; Lorenzo Pacini!

! Universita e INFN, Firenze (IT)
Corresponding Author: eugenio.berti@cern.ch

The High Energy cosmic-Radiation Detection (HERD) facility will be installed aboard the China’s Space Station around
2025. Thanks to its innovative design, based on a large, homogeneous and isotropic calorimeter, HERD will extend the direct
measurement of cosmic rays by one order of magnitude in energy. In this talk, we will describe the solution that will be used for
the read-out of the about 8000 LY SO crystals of the calorimeter. This is the main challenge of the hardware design, since a large
dynamic range of 10’ is needed and absolute energy scale calibration is crucial for space instruments. We will present the double
read-out scheme, made of wave-length shifting fibers coupled with an intensified scientific CMOS and photodiodes connected to
a specifically designed front-end electronics. Finally, we will discuss the advantages of this solution: independent systems for
hardware trigger and energy measurement, improved cross-calibration capability, and increased redundancy.

Posters: Calorimeters / 488

Design and Study of Electromagnetic Calorimeter for Super Tau-Charm Fa-
cility
Author: Zekun Jia!

! University of Science and Technology of China
Corresponding Author: zkjia@mail.ustc.edu.cn

Modern et e~ colliders will reach an exceedingly high level of luminosity, like SuperKEKB, Super Charm-Tau Factory (SCTF)
proposed by Russia, and Super Tau-Charm Facility (STCF) proposed by China. Under such a high event rate and additional beam
background, the electromagnetic calorimeter should be capable of maintaining good energy and position resolution while dealing
with pile-up pulses and fake signals. A calorimeter system based on fast pure Csl crystal, read out by avalanche photodiodes,
highlighting good time resolution and high granularity is designed for STCF. This talk will expand from three aspects: Tests
of the scintillation counter; Geometry optimization and simulated performance of calorimeter system; Severe performance
deterioration caused by beam background with possible solutions.

Funding information:
the Double First-Class university project foundation of USTC

N
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Commissioning of new FHCal at BM@N experiment

Author: Alexander Izvestnyy'

! Russian Academy of Sciences (RU)
Corresponding Author: alexander.izvestnyy @cern.ch

The BM@N (Baryonic Matter at Nuclotron) is the fixed target experiment at NICA-Nuclotron (JINR, Dubna, Russia) accelerator
complex. The main goal of the experiment is studying the properties of dense nuclear matter produced in ion-ion collisions. New
Forward Hadron Calorimeter (FHCal) with modular structure and a beam hole in the center has been developed and constructed
to measure the collision centrality after the BM@N upgrade. The transverse and longitudinal segmentation of the FHCal allows
to perform calibration of the calorimeter with cosmic muons.

FHCal modules have lead/scintillator sampling structure with longitudinal segmentation. Light signals from the sections are
collected with MPPCs, amplified and read-out by ADC boards. Fast analog signals are collected for trigger system.

The status of development and construction of the new FHCal calorimeter for the BM@N experiment will be presented.
Performance of FHCal front-end and readout systems will be discussed.

Posters: Calorimeters / 577

The development of a highly granular scintillator-steel hadron calorimeter
for the CEPC

Author: Yukun Shi!
Co-author: Yong Liu 2

U university of science and technology of China

2 Institute of High Energy Physics, Chinese Academy of Sciences
Corresponding Author: syk1995@mail.ustc.edu.cn

Based on the particle-flow algorithm, a highly granular sampling hadron calorimeter (HCAL) with scintillator tiles as active
layers and stainless steel as absorber is proposed to achieve an unprecedented jet energy resolution to address major challenges
of precision measurements at future lepton colliders, including the Circular Electron Positron Collider (CEPC). A wide range of
R&D efforts are being carried on with a major aim to construct a scalable HCAL prototype for the CEPC. This talk will present
the latest progress of the prototype development, with highlights from optimization studies of the HCAL design based on the
evolving CEPC Particle Flow Algorithm “Arbor”, characterisations of silicon photomulpiliers (SiPMs) from different vendors,
testing of a new promising SiPM-readout chip developed within the CALICE collaboration, mass production of scintillator tiles,
automated foil wrapping, as well as dedicated test stands for the quality control of scintillator tiles and SiPMs.

Funding information:
This study was supported by National Key Programme for S&T Research and Development (Grant NO.: 2018YFA0404300), from
the Ministry of Science and Technology of China.

Page 53



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Calorimeters / 680

The CMS Electromagnetic Calorimeter Clustering and Energy reconstruc-
tion for LHC Run3

Author: Anne-Mazarine Lyon!
Co-author: CMS Collaboration

U ETH Zurich (CH)
Corresponding Author: anne-mazarine.lyon@cern.ch

The CMS electromagnetic calorimeter (ECAL) is a high resolution, high granularity scintillating crystal calorimeter. Improve-
ments to the CMS ECAL energy reconstruction algorithms are required to maintain the ECAL performance in the more
challenging environment of the upcoming LHC Run 3 (2021-2024). We propose to mitigate the increase in the noise, due
to the ECAL barrel front-end readout components ageing and to the crystal transparency loss, by revisiting the clustering
algorithm. We will show the results obtained for the simulated reconstruction efficiency of the photons/electrons superclusters,
their reconstructed energy, and the resolution obtained for the latter when refining the interplay between the different noise
thresholds in the reconstruction of clusters and exploring less conventional methods for the collection of signals contributing to
the electromagnetic shower, such as machine learning.

Posters: Calorimeters / 686

Forward hadron calorimeter (FHCal) at MPD NICA

Authors: Vadim Volkov'; Alexander Ivashkin?

U MIPT, INR RAS
2 INR RAS

Corresponding Author: volkov@inr.ru

The purpose of the MPD experiment at NICA is to study dense baryonic matter, and the facility is now under construction. The
operating energy range at the MPD is 4,Ail1 AGeV. One of the MPD detectors is the forward hadron calorimeter (FHCal),
which is designed to study the collisions geometry, primarily, the orientation of the reaction plane and the centrality of heavy ion
collisions. The detector will measure energies of spectators (non-interacting nucleons).

The MPD experiment implements two calorimeters with holes in the center for the beam pipe. Each calorimeter consists of
44 individual modules, which are symmetrically located concerning a collision point. Each of the 44 modules consists of 42
lead/scintillator layers, each sized 15+/615 cm2. The light from the scintillators is collected by wavelength shifting fibres (WLS)
and then detected by silicon photomultipliers (SiPM) placed in the rear side of the module. The design, parameters and the
energy calibration will be discussed.
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Development of cosmic muon calibration methods for the segmented sam-
pling lead/scintillator hadron calorimeters at the NA61/SHINE, CBM, BM@N
and MPD experiments

Author: Nikolay Karpushkin!

! Russian Academy of Sciences (RU)
Corresponding Author: nikolay.karpushkin@cern.ch

The NA61/SHINE, CBM, BM@N and MPD experiments are devoted to the study of the hot dense quark-gluon matter, which is
formed in collisions of heavy nuclei. In all the mentioned experiments, forward hadron calorimeters will be used to determine the
collision geometry. Due to the absence of a muon beam in the overwhelming majority of mentioned experiments, it is not possible
to calibrate the detector with muon beams. Therefore, a new method was developed for the energy calibration of sections of
hadron calorimeters with cosmic muons using longitudinal and transverse segmentation of the detector. The calibration procedure
for hadron calorimeters with three-dimensional space reconstruction of cosmic muons tracks will be discussed.

Posters: Calorimeters / 697

Performance of CMS high granularity calorimeter prototypes in testbeam
experiments

Author: Clemens Lange!

! CERN
Corresponding Author: clemens.lange @cern.ch

The present electromagnetic and hadronic calorimeters of the CMS experiment will be upgraded to cope up with the harsh
radiation environment and pileup conditions posed by the high luminosity operations of LHC (HL-LHC) expected to start in
2027. CMS has opted for a sampling calorimeter, based on silicon and scintillator technologies, with unprecedented transverse
and longitudinal segmentation to facilitate particle identification, particle-flow reconstruction and pileup rejection. As part of the
ongoing development and testing phase of the HGCAL, prototypes of both the silicon and scintillator based calorimeter sections
have been tested in 2018 in beams at CERN. We report on the performance of the prototype detectors in terms of stability of
noise and pedestals, MIP calibration, longitudinal/lateral shower shapes, as well as energy linearity and resolution for electrons
and pions. We compare the measurements with a detailed GEANT4-based simulation.

Posters: Calorimeters / 698

Background suppression with SND electromagnetic calorimeter time chan-
nel
Author: Natalya Melnikova'

v Budker Institute of Nuclear Physics (RU)
Corresponding Author: telpegil @ gmail.com

The SND is a non-magnetic detector deployed at the VEPP-2000 e+e,ai collider (BINP, Novosibirsk) for hadronic cross-section
measurements in the center of mass energy range below 2 GeV. The important part of the detector is a hodoscopic electromagnetic
calorimeter (EMC) with three layers of Nal(TIl) counters. EMC signal shaping and digitizing electronics based on FADC allow us
to obtain both the energy deposition and the signal arrival time. We demonstrate how EMC time is applied to detect background
pileup and cosmic events.
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Progress of kinetic inductance detectors on CaF2 for astroparticle physics

Author: Zulfakri Mohamad'
Co-authors: Koji Ishidoshiro 2. Yasuhiro Kishimoto 2; Satoru Mima 3; Tohru Taino #; Keishi Hosokawa °; Kosuke Nakamura 2; Minori Eizuka 2;
Ryota Ito 4. Hiroki Kawamura 4

U Tohoku Universitu

2 Tohoku University

3 Riken

4 Saitama University
5 Tohoku university

Corresponding Author: fakri2k @ gmail.com

Kinetic Inductance Detector (KID) is an exciting device that promises high sensitivity, large format, and submillimeter waves for
X-ray imaging arrangements for astrophysics. The KID consists of a superconductor thin film microwave resonator combined
with a transmission line. When energy accumulates, Cooper’s pair in superconductor films break,,,AAproducing a quasi-particle.
This change increases the kinetic induction in the resonant circuits and can be monitored by the transmission line. Lumped
element KID (LEKID) is applied to CaF2 crystals as a substrate in our experiment. 48Ca is one of the double-beta decay nuclei,
and 19F is sensitive to spin-dependent elastic scattering with dark matter. The LEKID on CaF2 can be cooled to 10mK. At this
stage, the quality factors of the LEKID are about 400 /6 10”3 and measurement for particle detection using 241 Am particle
irradiation also demonstrated at this low temperature.

Posters: Dark Matter Detectors / 403

CYGNO: Optically Readout TPC for Directional Study of Rare Events

Authors: Davide Pinci!; Samuele TorelliNome

! Sapienza Universita e INFN, Roma I (IT)
Corresponding Author: samuele.torelli @ gssi.it

CYGNO is a project realising a cubic meter demonstrator to study the scalability of the optical readout concept for a large-
volume, GEM-equipped gaseous TPC to be operated at atmospheric pressure that represents an ideal candidate to be employed
as directional detectors for rare events studies.

The combined use of high-granularity sSCMOS and fast sensors for reading out the light produced in GEM channels during the
multiplication processes was shown to allow reconstructing 3D direction of the tracks, offering accurate energy measurements
and sensitivity to the source directionality. This type of detector has demonstrated a high particle identification capability, very
useful to distinguish nuclear from electron recoils.

Performance of the large prototype (50 litres sensitive volume, 50 cm drift gap, 1000 cm? readout plane) will be shown and
discussed.

Funding information:
INFN, ERC Consolidator Grant Proposal n. 818744.
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A possible design of the readout electronics for large area SiPM detectors of
the TAO experiment

Author: Paolo Montini!

! Dip. di Matematica e Fisica - Universit\/ degli Studi Roma Tre and INFN Roma Tre, Roma, 00146, Italy
Corresponding Author: paolo.montini @uniroma3.it

The TAO (Taishan Antineutrino Observatory) is a ton-level Gadolinium doped liquid scintillator (GdLS) detector located 30 m
far from one of the Taishan reactor cores in China serving the JUNO (Jiangmen Underground Neutrino Observatory) neutrino
experiment. The goal of TAO is the measurement of the reactor antineutrino spectrum with very high energy resolution (" 1.5% at
1 MeV). In order to maximize the photon TAO will be equipped with “10 m2 of SiPMs working at -50 C. In this work we present
a proposal for the full readout electronic chain specifically designed to meet the TAO purposes. It consists on an analog readout
board directly coupled to the SiPMs and a digital FPGA-based board that manages the digitization and pre-processing of the
signals. The boards are currently under development. The first prototypes have shown excellent single photoelectron resolution
and timing properties and their performance will be discussed at this conference.
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Development of an integrated readout electronics system for a highly granu-
lar scintillator-tungsten calorimeter prototype for the CEPC

Author: Anshun Zhou!
Co-author: Yong Liu 2

U University of Science and Technology of China
2 Institute of High Energy Physics, Chinese Academy of Sciences
Corresponding Author: zas@mail.ustc.edu.cn

An electromagnetic calorimeter (ECAL) based on scintillator and SiPMs is one of the high-granularity calorimetry options
developed within the CALICE collaboration for future lepton colliders, e.g. the Circular Electron Positron Collider (CEPC). A
dedicated SiPM-readout electronics system was developed for an ECAL prototype with 6720 scintillator strips individually read
out by SiPMs. The complete front-end electronics system with a feature of low power consumption (about 8mW per channel) was
successfully integrated into the prototype. Two calibration systems were implemented in the prototype to calibrate the front-end
electronics and SiPMs respectively. Besides, a temperature monitoring system with the bias-voltage feedback strategy has been
integrated to compensate the SiPM gain variations due to the environment. The talk will cover the design and performance
evaluation of the electronics system, as well as highlights of the ECAL prototype long-term commissioning with cosmic muons.

Funding information:
This study was supported by National Key Programme for S&T Research and Development (Grant NO.: 2016 YFA0400400), from
the Ministry of Science and Technology of China.
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An SCA ASIC-based multi-channel readout system for the Prototype MTPC
at CSNS Back-n White Neutron Source

Author: Zhen Chen!
Co-authors: Changging Feng !; Haolei Chen !; Ruirui Fan 2; Han Yi 2; Jiaqi Wang !; Shubin Liu !

U University of Science and Technology of China
2 Spallation Neutron Source Science Center
Corresponding Author: 1156983523 @qq.com

The back-streaming white neutrons (Back-n) at China Spallation Neutron Source (CSNS), which has excellent energy spectrum
and good time resolution, provides superior conditions for neutron induced light charged particle tracking experiment. To track
light charged particles, CSNS is working on a project named Multi-purpose Time Projection Chambers (MTPC) and completed a
1519-channel prototype. A multi-channel readout system composed of switched capacitor arrays (SCA) waveform sampling
electronics based on ASIC was designed to meet the requirements of the prototype MTPC. This paper presents the structure
of this SCA ASIC-based multi-channel readout system and the results of the beam test with MTPC at CSNS. Time of Flight
spectrum of neutron beam and 3D-track of neutron induced light charged particles were successfully reconstructed. These test
results prove the feasibility of large-scale MTPC, and propose an improvement direction for the next generation of electronic
system.

Funding information:
This work was supported in part by the National Natural Science Foundation of China under Grant 11922510, in part by “the
Fundamental Research Funds for the Central Universities” under Grant WK236000.
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A direct-sampling RF receiver for MOLLER beam charge measurement
Author: Yuan MEI!

' Lawrence Berkeley National Lab
Corresponding Author: yuan.mei@gmail.com

We demonstrate an RF receiver that achieves 25 ppm uncertainty in measuring the amplitude of a 1497 MHz sinosoidal signal in
a 0.5 ms integration window. The receiver employs a direct digital sampling architecture. The signal comes from beam intensity
monitoring cavities on the beamline of the Continuous Electron Beam Accelerator Facility (CEBAF) at Jefferson Lab. The signal
strength, frequency, and integration window demonstrated are consistent with the requirements of the upcoming MOLLER
experiment. It provides a new instrumentation that improves on the beam charge uncertainty in each helicity state by a large
factor for the experiment.

Page 58



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Front-end electronics / 608

CBM Projectile Spectator Detector Readout Chain

Authors: Aleksandr Makhnev!; Dmitry Finogeev?; Nikolay Karpushkin?
Co-authors: Dmitry Serebryakov 2; Fedor Guber 2

! The Institute for Nuclear Research of the Russian Academy of Sciences
2 Russian Academy of Sciences (RU)
Corresponding Author: makhnev.a@phystech.edu

The Projectile Spectator Detector (PSD) is a sampling lead/scintillator forward hadron calorimeter with transverse and longitudinal
segmentation, which will be used to measure collision centrality and orientation of the reaction plane in the nucleus-nucleus
collisions at the Compressed Baryonic Matter (CBM) experiment at FAIR. The PSD consists out of 44 modules with 10
longitudinal sections in each. PSD,Ads readout chain consists out of radiation-hard Front-End Electronics (FEE), Readout
Modules with 14-bit 125 Msps ADCs and a Service Module with bias and calibration apparatus.

This article covers design and features of the FEE and readout electronics, as well as the results of the readout chain tests done
with cosmic radiation signals and during the heavy ion beam runs at mCBM.

Posters: Front-end electronics / 677

CMS ECAL upgrade for precision timing and energy measurements at the
High-Luminosity LHC

Author: Thomas Reis!
Co-author: CMS Collaboration

! Science and Technology Facilities Council STFC (GB)
Corresponding Author: thomas.reis@cern.ch

The High Luminosity upgrade of the LHC (HL-LHC) at CERN will provide unprecedented instantaneous luminosity of 5 x
10%**cm 2571, leading to an average of 150-200 simultaneous collisions. This high instantaneous luminosity scenario presents a
significant challenge for the detectors. The barrel region of the CMS electromagnetic calorimeter (ECAL) will be preserved but
will be operated at a lower temperature and with a completely new readout and trigger electronics. A dual gain trans-impedance
amplifier and an ASIC providing two 160 MHz ADC channels, gain selection, and data compression will be used in the new
readout electronics. The trigger decision will be moved off-detector and performed by powerful and flexible FPGA processors,
allowing for more sophisticated trigger algorithms to be applied. The upgraded ECAL will be capable of high-precision energy
measurements throughout HL-LHC and will greatly improve the time resolution for photons and electrons above 10 GeV.
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Innovative Safety Monitoring System based on Fiber Optic Sensors Technol-
ogy Compatible with 4-20mA Standard

Authors: Vincenzo Romano Marrazzo!; Francesco Fienga?; Dario Laezza!; Michele Riccio!; Andrea Irace!; Salvatore Buontempo®; Giovanni
Bregli04; Vincenzo Romano Marrazzo®

U Universit\/t degli Studi di Napoli Federico IT

2 Hungarian Academy of Sciences (HU)

3 INFN Napoli (IT)

4 Universit\/+ degli Studi di Napoli, Federico Il

5 University of Naples Federico Il
Corresponding Author: vincenzoromano.marrazzo @na.infn.it

In this contribution we propose an innovative, full analog, fiber optic sensors (FOS) interrogator which, being fully compatible
with the 4-20 mA standard of the Programmable Logic Controller (PLC), enable the integration of the FOS technology in safety
framework, such as the Detector Safety System (DSS) of the LHC Experiments. It is composed by a full analog electrical
circuitry, capable to directly transduce the signal coming from the arrayed waveguide grating (AWG), into a monotonic electrical
current in the range of 4- 20mA. In a first experimental analysis, a temperature of 50°C was detected, exhibiting an output trend
which can be fitted with a 3rd order polynomial equation over the whole range. Furthermore, in a reduced range of 20°C, the
trend behaves linearly. The proposed system has the potential to be fully integrated in the DSS of the LHC experiments. Indeed,
a validation on field is on going in the framework of the DSS of the Compact Muon Solenoid (CMS) experiment.

Posters: Front-end electronics / 705

A Novel High Rate Readout System for a High Efficiency Cosmic Ray Veto
for the Mu2e Experiment
Author: Simon Corrodi'
Co-author: Edmond Dukes
! Fermi National Accelerator Laboratory
Corresponding Author: scorrodi @anl.gov

The Mu2e Cosmic Ray Veto must veto cosmic-ray muons over a large area with an efficiency of 99.99\% in the presence of
high background rates. It consists of 5,376 scintillator extrusions with embedded 1.4\,mm wavelength-shifting fibers coupled to
2x2\,mm? silicon photomultipliers. A custom readout system consists of: (1) small circuit board, the Counter Mother Board,
which provides the bias, a temperature sensor, flasher LEDs, and passive SiPM pulse shaping; (2) a Front End Board which
digitizes, zero-suppresses, and stores in on-board memory signals from up to 64 Counter Mother Boards, provides bias to the
SiPMs, pulses to the LEDs, and a measurement of the SiPM currents; and (3) a Readout Controller which collects data from the
Front End Boards via Cat6 cables, which also deliver 48V power to the Front End Boards using PoE.

Funding information:
US Department of Energy
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Measurement results for the AARDVARC: A High Performance Waveform
Digitizer System-on-Chip

Author: Isar Mostafanezhad!

Co-authors: Luca Macchiarulo 2; Gary Varner 3; Benjamin Rotter !- Dean Uehara ; Chris Chock ; Gang Liu

! Nalu Scientific, LLC
2 Nalu scientific LLC
3 University of Hawaii
Corresponding Author: isar @naluscientific.com

Data acquisition systems for state of the art imaging based particle identification detectors are expected to handle large numbers
of channels, high accuracy timing, and operate under limited spatial and power constraints. In many applications, full waveform
digitization is considered necessary to guarantee the required timing resolution and avoiding the undesirable degradation due to
time walk, pile-up and other sources of noise. Such acquisition systems are even more problematic in that the data volume and
the computational requirements push the power, cost and space limits even further.

Based on such requirements a new multi-channel Waveform digitizer the AARDVARC has been designed and fabricated. This
4 channel front-end chip operates at 13GSa/s and has 32k of sampling depth per channel. In this summary, measurements of
analog and digital performance of the asic will be reported. The device has been fabricated in130 nm process.

Funding information:

U.S. DOE SBIR DE-SC0017833 grant
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Sub-nanosecond Cherenkov photon detection for the LHCb RICH system in
high-occupancy conditions

Author: Floris Keizer!

! CERN
Corresponding Author: floris.keizer@cern.ch

The LHCDb upgrade programme, with increased luminosity, will cause a rise in particle multiplicity and hit occupancy in the
LHCD detectors. To mitigate this effect for the Ring-Imaging Cherenkov (RICH) detectors, it is proposed to use photon detector
hit time information. The new front-end readout includes a programmable time gate in the FPGA and the expected background
reduction using a 6.25 ns gate and improvement in particle ID are demonstrated. The R&D proposal to consolidate the readout
electronics with sub-ns timing around 2026 is presented. This is an important step in preparation for an order-of-magnitude
rise in luminosity in 2031, where the opto-electronic chain will be upgraded to achieve fast single-photon timing. The intrinsic
resolution of the RICH detectors of less than 10 ps and the potential to reconstruct primary vertex times are studied in simulation.
Considering only improvements in timing, a 50 ps single hit resolution can achieve today,Ads performance in the HL-LHC.
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A 4.5GHz to 5.6GHz PLL in 55 nm CMOS for High-Energy Physics Experi-
ments

Author: Cong Zhao!
Co-authors: Qiangjun Chen '; Di Guo '; Zengtao Guo !; Yujing Gan !

U Central China Normal University
Corresponding Authors: zhaocong @mails.ccnu.edu.cn, diguo@mail.ccnu.edu.cn

This paper presents the design and test results of a radiation tolerant PLL. ASIC as part of the optical link ASICs in the
Nuclotron-based Ion Collider Facility (NICA) front-end readout electronics. To obtain low DC leakage current and reduce
dynamic mismatch, the charge pump uses two unity-gain feedback operational amplifiers to keep the output common mode
voltage constant. The LCVCO employs a novel capacitor array structure to improve the Q degradation due to the source/ drain
leakage current from the binary controlled MOS transistor. All adjustable bits can be controlled by the SPI module, which is
also strengthened with the Triple Modular Redundancy (TMR) structure. The PLL covers a wide-frequency range from 4.5GHz
to 5.6GHz, consuming a total power of 25 mW from the post layout simulation. At 5.12GHz, the phase noise is -115 dBc/Hz
@ 1MHz offset. The chip has been taped out and the tests are planned to be conducted in this March. The test results will be
reported in the meeting.

Funding information:
General Program of National Natural Science Foundation of China (Grant No. 11875145).
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A radiation tolerant 16 Gbps 1:16 Deserializer for High-Energy Physics Ex-
periments
Authors: Qiangjun Chen!; Cong Zhao'; Yujing Gan'; Zengtao Guo'; Ni Fang!; xiangming sun'; Di Guo!

! Central China Normal University

Corresponding Author: gjchen1206@ 163.com

The paper would present the design and test results of a 16Gbps 1:16 deserializer chip fabricated in 55 nm CMOS tech-
nology,which is a part of the optical link ASICs in the Nuclotron-based Ion Collider fA—Aility (NICA) front-end readout
electronics.The input equalizer stage is used to compensate for the high frequency loss caused by the transmission line on PCB
and the bonding wire.The strength of equalizer can be configured via SPI module with TMR structure.In order to improve
the bandwidth of the high-speed 1:2 DEMUX and high-frequency divider,and save voltage margin,their latches adopt a CML
structure without tail current source.We designed duty cycle correction circuit and clock alignment circuit to recover duty
cycle and align clock edges. The whole chip consumes 305SmW with 1.2V supply when working at 16Gbps.The total jitter of
post-layout simulation is 28.2ps.This chip has been taped out and the test results will be reported in the meeting.

Funding information:
This work is supported by General Program of National Natural Science Foundation of China (Grant No. 11875145).
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Development of the Readout Electronics System for CEPC ScECAL

Author: Anshun Zhou!

U University of Science and Technology of China
Corresponding Author: zas@mail.ustc.edu.cn

To acquire the feature of Higgs particle, construction of Circular Electron Positron Collider (CEPC) was proposed in recent years.
Electromagnetic calorimeter based on scintillator and SiPM (ScECAL) is one of the options of the electromagnetic calorimeter
system of CEPC. The ScCECAL Electronic prototype was constructed. Special readout electronic system was developed to meet
the demands of SCECAL prototype. The SCECAL prototype contains 32 layers of basic units which hold 6720 scintillators
coupled with SiPM in total. The readout electronic system was highly embedded in the prototype. The readout system also comes
with a low power consumption which is about SmW per channel. There are 2 calibration systems integrated in the prototype:
electronic calibration system and light calibration system. Besides, a temperature monitor and high voltage feedback strategy is
adopted in the prototype. This talk will cover the details of the readout electronic system and its latest status.

Funding information:
This work was supported in part by the National Natural Science Foundation of China (Grant NO.: 11635007), in part by National
Key Programme for S&T Research and Development (Grant NO.: 2016 YFA 0400400
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Prototyping Serial Powering with RD53A

Authors: Florian Hinterkeuser!; Matthias Hamer!
Co-authors: Hans Krueger 2. Ursula Charlotte Perry I'. Michael Daas 3; Fabian Huegging 2. Klaus Desch !; Marco Vogt 4. Markus Frohne ;
David-Leon Pohl

! University of Bonn (DE)
2 University of Bonn
3 Universit\/§t Bonn
4 Universitaet Bonn (DE)
Corresponding Author: hinterkeuser @physik.uni-bonn.de

The high luminosity upgrade for the Large Hadron Collider at CERN requires a complete overhaul of the current inner detectors
of ATLAS and CMS. These new detectors will consist of all-silicon tracking detectors. A serial powering scheme has been
chosen in order to cope with the various constraints of the new detectors. In order to verify this new powering scheme, efforts are
ongoing to set up a first larger prototype for serial powering using modules based on the RD53A chip, a half-size prototype in
65nm CMOS technology for the new pixel front-end chip, developed by the RD53 collaboration. In particular, a serial powering
stave consisting of up to 8 RD53A quad chip modules has been set up in Bonn. First results from the ongoing activities, with an
emphasis on the electrical characterization of an RD53A serial powering chain, using representative services and power supplies,
are presented.
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Electronics for GEM Detectors - Recent Developments
Authors: Christian Honisch!; Karl Fl/ Athner?; Candas Tezel'; Michael Lupberger1 : Bernhard Ketzer!

! University of Bonn (DE)
2 HISKP-Uni-Bonn
Corresponding Author: honisch@hiskp.uni-bonn.de

Multi-GEM detectors are widely used for the tracking of charged particles with good spatial resolution at high luminosity,
while using only a very low material budget. For the COMPASS experiment at CERN, the third generation of these detectors is
currently being constructed, while and the fourth generation is under development.

This talk presents the most recent improvements on the readout and auxiliary electronics for these detectors. A new stabilized
high-voltage divider offers both a more stable operation under varying detector currents and an improved protection in case
of short circuits in GEM foils. A new revision of APV frontend cards is currently being produced. The new revision includes
specialized ESD protection diodes which have a lower parasitic capacitance while offering a better protection against discharges.
The protection circuit was tested with a custom-built discharge simulator which is able to deliver surges with well reproducible
characteristics.

Posters: Front-end electronics / 506

Design and Implementation of TCSA-based Readout System for STCF ECAL

Author: Laifu Luo!

! University of Science & Technology of China
Corresponding Author: laifu@mail.ustc.edu.cn

In this talk, a system based on Time and Charge Sensitive Amplifier (TCSA) reading out the signal of pure CsI crystal adopted
in Super Tau-Charm Facility (STCF) Electromagnetic Calorimeter (ECAL) is reported. To realize high-resolution gamma
detection and electron-hadron discrimination, the readout system needs to meet the demands of low noise and high-precision time
resolution. By noise analysis and on-board testing, parameters of the electronic system are optimized. Thus a noise level of about
3200 electrons with four S8664-1010 avalanche photodiodes (APDs) is realized. Meanwhile, the fast rising edge of the unshaped
signal enables the leading edge timing accuracy to reach 150 picoseconds. Furthermore, online Field-Programmable Gate Array
(FPGA) waveform fits, which can provide time and amplitude results simultaneously, can achieve a timing performance similar
to leading edge timing. The noise and timing performances indicate the readout system meets the design requirements.

Funding information:
The authors thank Hefei Comprehensive National Science Center for their strong support. This work was supported by the Double
First-Class university project foundation of USTC.
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SMART: SiPM Multichannel ASIC for high Resolution Cherenkov Telescopes

Authors: Leonardo Di Venere!; Francesco Licciulli?

! Universita e INFN, Bari (IT)
2 INFN Bari

Corresponding Author: leonardo.di.venere@cern.ch

We present the architecture of a new Application-Specific Integrated Circuit (ASIC) intended to read-out arrays of Silicon
Photomultipliers (SiPMs) for low-level light detection down to the single photoelectron. The analog channel is composed of a
high speed path with programmable gain and pole-zero filter designed for photon counting. An external fast digitizer can be used
for the photon-counting analysis. A slow path allows the measurement of the mean SiPM current, sampled by an internal 10-bit
ADC. A first 16-channel ASIC prototype, called SMART, has been designed for the Schwarzschild-Couder Telescope (SCT)
camera of the CTA experiment. We present the characterization results obtained when coupling the SMART to a 16 SiPM matrix
produced by Fondazione Bruno Kessler. A fast digitizer, called TARGET-C, has been used to read out and sample at 1GS/s the
analog data coming from the SMART chip. Results in terms of charge spectrum, signal-to-noise ratio and dynamic range will be
presented.
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A Low Noise Readout System for Diamond Microstrip Detectors
Author: Laifu Luo!

U University of Science & Technology of China
Corresponding Author: laifu@mail.ustc.edu.cn

Diamond detectors are suitable for accelerator beam monitor owing to the better radiation hardness compared to silicon detectors.
But the smaller deposited energy and larger band gap cause the decrease of signals, which brings difficulties to readout system.
In this paper, a low noise electronics based on charge sensitive amplifier (CSA) reading out the signal of diamond microstrip
detectors is reported. Up to 40 channels are implemented in the system, each contains a CSA, a CR-RC?shaper, an analog to
digital convertor (ADC) and a discriminator for trigger generation. Uploaded data and downloaded commands are transmitted via
Ethernet. After calibration and test with a prototype with a size of 300um x 4mm x 4mm, a noise level of less than 845 electrons
and a channel linear inconsistency less than 5% are realized in all 40 channels. Furthermore, experimental results with a ®°Sr
source and a laser indicate that the readout system meets the demands of diamond microstrip detectors.
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The QPix pixelated readout concept for future large liquid argon time projec-
tion chambers: status and prospects
Author: Vasily Shebalin'

U University of Hawaii at Manoa
Corresponding Author: shebalin @hawaii.edu

Pixelated readout for multi-kiloton Liquid Argon (LAr) Time Projection Chambers (TPCs), such as that being deployed for
the Deep Underground Neutrino Experiment (DUNE), would enable full 3D-reconstruction of events, in contrast to wire/strip
anode readout that is challenged by track disambiguation in 2D track reconstruction. The Q-Pix Consortium, established in
2019, is developing a low-power pixelated readout technique for LAr TPCs based on charge-integrate/reset (CIR) circuits. The
CIR blocks generate a sequence of reset pulses with time intervals corresponding to fixed charge integrals, allowing signal
reconstruction without continuous digitization. The Q-Pix ASIC, intended for reading out pixel arrays, comprises CIR blocks
along with digital components responsible for communication and reconfigurable data routing. This talk will give an overview of
the Q-Pix project, its status, and prospects, with emphasis on the development and prototyping of the Q-Pix readout ASICs.
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Characterization and verification of the Shunt-LDO regulator and its protec-
tion circuits for serial powering of the ATLAS and CMS pixel detectors
Author: Jeremias Kampk./Otter!
Co-authors: Lodo Flavio ; Michael Karagounis 2; Dominik Koukola 3; Stella Orfanelli 3; Alvaro Pradas Luengo *; Gianluca Traversi °; Rainer
Kokozinski

' FH Dortmund

2 and Arts (DE)

3 CERN

4 Aragon Institute of Technology (ES)

5 Universita and INFN (IT)
Corresponding Author: jeremias.kampkoetter @ th-dortmund.de

The Shunt-LDO regulator has been integrated in the ATLAS and the CMS pixel detector front-end chip to implement the serial
powering scheme which both experiments have chosen as the baseline option for the HL-LHC upgrade. The performance of
the integrated regulators has been characterized and specific design challenges have been identified which are related to layout
parasitics and shallow trench isolation (STI) stress effects. In addition the functionality of circuits which address crucial system
level aspects like the protection against overvoltage/load and the regulator startup has been verified.
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DUPLICATE OF #449 in GASEOUS DETECTORS - Radiation background
estimation for the GE1/1 Triple-GEM detector in the CMS endcap

Author: Sunil Kumar!
U Panjab University (IN)

The Compact Muon Solenoid (CMS) is a general-purpose particle detector at the Large Hadron Collider (LHC) designed to
study a wide range of particles produced in high energy collisions. These particles interact with the beam pipe, shielding and
detector supporting materials to produce neutrons, gammas, electrons and positrons, forming a common background radiation
field for CMS. A Monte-Carlo simulation is used to predict the change in the background due to the evolution of the CMS
detector geometry expected for the Phase-2 upgrade. In the forward region, the upgrade includes Gas Electron Multiplier (GEM)
detectors called GE1/1. In this study, an estimate of the GE1/1 detector response to the background radiation is presented. The
flux of background radiation is predicted using the FLUKA framework and the response of the detector is predicted using the
GEANT4 framework. A comparison of the prediction and GEM Slice Test data is done for validation of the technique.
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Design and Study of DIRC-like forward time of flight detector for STCF end-
cap PID system

Authors: Binbin Qil ; Ziwei Li2; Ming Shao’; Jianbei Liu*

U University of science and technology of China

2 ysTC

3 Univ. of Sci. and Tech. of China

4 University of Science and Technology of China (CN)
Corresponding Author: qbb180@mail.ustc.edu.cn

The Super Tau-Charm Facility (STCF) in China is a future electron-positron collider, which has a very broad important physics
programs and provides a unique platform to study the 7 and charm physics. Excellent particle identification (PID) ability is one
of the most important parts for the high energy particles experiment in the physics research of STCF. The effective PID over
the full kinetic space is required within the detector acceptance for charged hadrons (7™, K™%, and p/p ), with a statistical
separation power better than 30 up to 2 GeV/c. A DIRC-like forward time-of-flight (FTOF) detector is proposed to realize the
PID aim at the endcap. In this talk, the conceptual design of FTOF is presented. Its geometry optimization and performance
is studied by a Geant4 simulation, and a 7/ K separation power of FTOF of ,a°4¢ or better at the momentum of 2 GeV/c is
achieved over the full FTOF sensitive area.
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Forward scintillator and quartz hodoscopes for BM@N experiment

Authors: Alexander Baranov'; Dmitry BorisenkoNone

! Institute for Nuclear Research of the Russian Academy of Scienc
Corresponding Authors: gus.mp2@yandex.ru, dmitriy.s.borisenko@ya.ru

The scintillator and quartz hodoscopes for BM@N experiment at Dubna (Russia) are discussed. They will detect the nuclear
fragments produced in ion-ion collisions near the beam axis. The scintillator or quartz types will be used depending on the
atomic number of beam ions and on the radiation conditions near the beam axis. The hodoscope consists of 16 scintillator or
quartz strips with the length of 16 cm and 1 cm width each. The light from both ends of the scintillator/quartz strip is readout by
the silicon photomultipliers (SiPMs). The values of light yield and its longitudinal non-uniformity are measured in the tests at the
electron beam. The obtained performance of the hodoscopes will be reported.
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The PANDA EDD prototype in Giessen Cosmic Station

Author: Ilknur Koseoglu'

U Justus-Liebig-Universitaet Giessen (DE)
Corresponding Author: ilknur.koseoglu@cern.ch

The PANDA detector at the future Facility for Antiproton and Ion Research (FAIR) is currently being constructed in Darmstadt,
Germany. It contains a fixed proton target and an antiproton beam with a momentum range between 1.5 GeV/c to 15 GeV/c.
Two Cherenkov detectors are used to identify charged hadrons. The Disc DIRC (EDD) covers polar angles between 5° to 22°
in the endcap region. In order to test the performance of the EDD prototype, the experimental setup driven by cosmic muons
was built at the JLU in Giessen. It is called the Giessen Cosmic Station (GCS) and contains four tracking boxes for tracking
muons, two trigger plates, and a lead absorber. The prototype of the EDD detector is integrated to the GCS setup to reconstruct
the Cherenkov angle of each muon tracked by the GCS hodoscope.

This talk covers the technical design of the GCS and the performance tests of the EDD prototype in the GCS.
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The Bern medical cyclotron as an irradiation facility for HEP
Authors: John Kenneth Anders'; Isidre Mateu!

! Universitaet Bern (CH)
Corresponding Author: isidre.mateu.suau@cern.ch

The Bern medical cyclotron is a robust proton accelerator facility used for isotope production, research and HEP radiation
hardness studies. A beam-transfer line is used to extract the beam from the cyclotron into a second bunker, where the device
under test is located. This unique setup provides tuneable beam parameters with a maximal energy of 18 MeV in vacuum (16
MeV in air) and an adjustable beam-spot size from a few mm? to 3x3 cm?. The facility delivers irradiation dose rates from as
low as 0.1 Mrad/hr, to 100 Mrad/hr. A set of detectors are used for the characterisation and online monitoring of the beam, and
the calculation of the dose delivered. Specific equipment was designed and constructed to irradiate either in air or in vacuum.
This talk will introduce the Bern medical cyclotron as a facility for HEP irradiations and provides an overview of its capabilities.
Irradiation campaigns will be reviewed together with ongoing developments to further nurture its capabilities.
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Status of Spin Physics Detector at NICA

Authors: viadimir Ladygin!; Alexander GribovskyNere

! JINR
Corresponding Author: grias1994@gmail.com

The Spin Physics Detector (SPD) is one of the two large setups at the NICA collider under construction at JINR (Dubna). The
ultimate goal of the studies at SPD is measurement of different spin observables in polarized proton-proton, deuteron-deuteron
and proton-deuteron collisions sensitive to the polarized gluonic structure of the nucleon at the luminosity up to 1032 cm™2 % 51
and /s up to 27 GeV.

SPD will consist of the superconducting magnetic system, silicon tracker based on the DSSD and MAPS technologies, straw
mini-drift tubes tracker, time-of-flight system, electromagnetic “shashlyk®-type calorimeter, muon (range) and local-polarimetry
systems. The high performance free-streaming DAQ system will be able to operate at the collision rate up to 4 MHz.
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Precision Luminosity Measurement with the CMS detector at HL-LHC

Author: Jose Feliciano Benitez!
Co-author: Gabriella Pasztor 2

U Universidad de Sonora (MX)
2 University, Budapest
Corresponding Author: jose.benitez@cern.ch

The high-luminosity upgrade of the LHC (HL-LHC) is foreseen to reach an instantaneous luminosity a factor of five to seven
times the nominal LHC design value. The resulting, unprecedented requirements for background monitoring and luminosity
measurement create the need for new high-precision instrumentation at CMS, using radiation-hard detector technologies. This
contribution presents the strategy for bunch-by-bunch online luminosity measurement based on various detector technologies. A
main component of the system is the Tracker Endcap Pixel Detector with dedicated triggers for online measurement of luminosity
and beam-induced background using pixel cluster counting on an FPGA. The potential of the exploitation of the outer tracker,
the hadron forward calorimeter and muon trigger objects is also discussed, as well as the concept of a standalone luminosity and
beam-induced background monitor using Si-pad sensors.
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Material budget imaging with multi-GeV electrons - calibration and applica-
tions for 2D material scanning

Author: Jan-Hendrik Arling!
Co-author: Ingrid-Maria Gregor 2

! Deutsches Elektronen-Synchrotron (DE)
2 DESY & Bonn University
Corresponding Author: jan-hendrik.arling@cern.ch

The technique of material budget imaging (MBI) uses multi-GeV electrons to directly measure the material budget u = X/Xo of
a material with thickness X and its radiation length Xo. The beam particles are deflected by multiple Coulomb scattering and the
deflection angle distribution is centered at zero with a width depending on the traversed material.

Hence, a reconstruction of kink angles using individual electron trajectories measured in high resolution beam telescopes allows
to estimate the material budget by applying appropiate models of multiple scattering theory, such as the Highland formula.
Measurements at the DESY II testbeam are performed with various materials in terms of thickness and type for a calibration of
the MBI technique.

The material budget is an important quantity for the design of high-energy particle detectors. Therefore, the material budget of
unknown materials can be experimentally measured as well as complex material distributions can be imaged in 2D.

Funding information:
The measurements leading to these results have been performed at the Test Beam Facility at DESY Hamburg (Germany), a member
of the Helmholtz Association (HGF).
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LHCb RMS-R3, new radiation hard system for on-line monitoring of beam
and background conditions in Run 3

Author: Vasyl Dobishuk!
Co-authors: Federico Alessio 2; Serhii Chernyshenko !'; Oleksandr Okhrimenko !; Valery Pugatch 3

! National Academy of Sciences of Ukraine (UA)

2 CERN

3 Institute for Nuclear Research NAS
Corresponding Author: vasyl.dobishuk @cern.ch

During Run 3, the LHCb experiment will collect data at a higher luminosity with respect to the previous decade of data taking.
The Radiation Monitoring System (RMS-R3) will display the interaction rate of the LHC,Ads beams along with its background
in LHCb. The RMS-R3 comprises four detector modules based on the Metal-Foil Detectors radiation hard technology that can
withstand fluences up to 10%° MIPs/cm? or radiation doses of up to a GGy, during its entire lifespan. The modules are placed
symmetrically around the beam pipe very close to the Interaction Point at LHCb at a distance of about 2.2 m, while covering
a backward acceptance of 7,Ai14 degrees. The readout electronics provide a continuous relative luminosity measurement for
LHCDb and observations of background evolutions during the various stages of the beam preparation towards collisions. The
RMS-R3 detector’s performance has shown good response reproducibility of about 1% and excellent linearity.

Funding information:
National Research Foundation of Ukraine
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The SuperFGD prototype PID beam tests results

Author: Cesar Jesus Valls!

! IFAE-BIST
Corresponding Author: cesar.jesus @cern.ch

The near detector ND280 of the T2K experiment will be upgraded in 2022 with the aim of measuring precisely CP violation in
neutrinos. The ND280 upgrade consists of the installation of 3 new sub-detector types including SuperFGD, a novel neutrino
active target concept.

SuperFGD (Super-Fine-Grained-Detector) will have 2million 1x1x1cm? plastic scintillator cubes forming a cube array of
184x56x192cm®. Each of the cubes will be intersected by 3 orthogonal WLS fibers with an MPPC on one end. Thanks to
its super-fine segmentation, high light yield, and excellent time resolution, great particle identification (PID) capabilities are
expected. Since 2018, a set of prototypes have been exposed to particle beams (charged tracks and neutrons) to test this concept.
Here, the SuperFGD prototype PID beam tests results are presented, including its measured time and dE/dx resolution, light
yield for different particles and preliminary neutron detection capabilities.
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Status of the NPO6/ENUBET neutrino beam

Author: Fabio Iacob Nome
Co-author: Fabio Pupilli !

! Universita e INFN, Padova (IT)
Corresponding Author: fabio.iacob@unipd.it

The ENUBET experiment is developing a new narrow-band neutrino beam in which the flux and the flavor composition are
known at 1% level, and the energy with O(10%) precision. Such a goal is accomplished monitoring the associated charged
leptons produced in the decay region of the ENUBET facility: e* and u™ from kaons are measured by a segmented calorimeter
instrumenting the walls of the decay tunnel, while muon stations after the hadron dump can monitor v from pions.

We report an improved design of the proton target and of the meson transfer line, that ensures a large neutrino flux while
preserving an high purity in the lepton monitoring. The final design of the ENUBET demonstrator for the instrumented decay
tunnel, that is due by end 2021 to prove the scalability and performance of the detector technology, will be discussed. Progress
on the full simulation of the ENUBET facility, towards the full assessment of neutrino flux systematics, will be also reported.
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Towards the integration of the NUMEN experiment
Author: Daniela Calvo'
Co-authors: Diego Sartirana 2: Francesco Cappuzzello 3. Manuela Cavallaro 3; Diana Carbone #; Carlo Ferraresi °; Jose’ R.B. Oliveira ©; Clementina
Agodi 7. Sandro Brasolin ; Luciano Calabretta 4; Paolo Finocchiaro ?; Paolo Mereu !°; Domenico Torresi !!; Federico Pinna 3; Antonio Domenico
Russo 3

VINFN Torino (IT)

2 INFN - Torino (IT)

3 INFN - National Institute for Nuclear Physics

4 INFN - LNS

3> DIMEAS-Politecnico di Torino and INFN-Torino

6 Instituto de Fisica, Universidade de Sao Paolo, Sao Paolo
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8 INFN - Torino

° INFN

10 Istituto Nazionale di Fisica Nucleare (INFN)

YW INFN - LNS, Catania (IT)
Corresponding Author: calvo@to.infn.it

The most promising probe to establish the Majorana or Dirac nature of the neutrino is the neutrinoless double beta decay and the
effective neutrino mass would be evaluated by the knowledge of the corresponding nuclear matrix elements.

Also measurements of the DCE interactions of heavy ion beams can get information on them.

The NUMEN experiment based on the pre-existing large acceptance MAGNEX spectrometer and integrated with new components
aims at measuring DCE cross sections using ion beams of unprecedented intensity (10'% pps) on specific isotopes at INFN-LNS
in Catania.

Expected rate on the sensitive area of about 0.15 m? reaches up to about 5 Mpps, demanding for adequate detectors in measuring
position, direction, energy, mass and charge of the ions produced by interactions. Gamma detectors surround a scattering chamber
containing a target.

The presentation is focused on the technological aspects of the design and the integration of the experiment.
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Cosmic Muon Veto for the INO’s mini-ICAL detector

Author: Satyanarayana Bheesette!

Co-authors: S.R. Bharathi !; Pandi Chinnappan I Vivek Datar !; Mamta Jangra 2. Jim John 2; S.R. Joshi !'; K.S. Karthikk !; Umesh L 3; Gobinda
Majumder '; Neha Panchal !; Nagaraj Panyam !; S Pethuraj '; Jayakumar Ponraj !; K.C. Ravindran !; Paul Rubinov #; Mahima Sachdeva !; Mandar
Saraf !'; Kirti Prakash Sharma !; R.R. Shinde !; Hariom Sogarwal 2:8.8 Upadhya 1. Piyush Verma I'E Yuvraj 1

! Tata Institute of Fundamental Research, INDIA
2 Tata Institute of Fundamental Research, INDIA & Homi Bhabha National Institute, INDIA
3 Tata Institute of Fundamental Research, INDIA & The American College, INDIA
4 Fermilab, USA
Corresponding Author: bsn@tifr.res.in

A 51-kt magnetised Iron Calorimeter (ICAL), using Resistive Plate Chambers, is the flagship experiment at the India based
Neutrino Observatory (INO). A prototype - 1/600 of the weight of ICAL, called mini-ICAL was installed in the INO transit
campus at Madurai. A cosmic muon veto around the mini-ICAL is now being planned. The veto walls will be built using three
staggered layers of extruded scintillator strips. WLS fibres of 1.4mm in dia are inserted into two extruded holes along the length
of the strip to collect the light signal. Hamamatsu SiPM, Ads of 2mm+/62mm active area collect the light on both ends of the
fibres. On veto trigger, the DAQ system will gather the charge, arrival time and position of muon tracks in the scintillator strips.
But the data collected is transferred to the backend only if the trigger from mini-ICAL is also received in time. Details of the
design and construction of the detector including the electronics, trigger and DAQ systems planned will be presented.
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ANNIE: The First Physics Experiment to Deploy LAPPDs

Author: Julie He!

! University of California, Davis
Corresponding Author: juhe @ucdavis.edu

The Accelerator Neutrino Neutron Interaction Experiment (ANNIE) is a 26-ton gadolinium-doped water Cherenkov detector
located on-axis of Fermilab’s Booster Neutrino Beam. ANNIE, Ads main physics goal is to measure the final state neutron multi-
plicity of neutrino-nucleus interactions as a function of momentum transfer. This measurement will improve our understanding
of these complex interactions and help reduce the associated systematic uncertainties, thus benefiting the next generation of
long-baseline neutrino experiments. ANNIE will achieve its physics goals with the use of a new type of photodetector, the Large
Area Picosecond Photodetector (LAPPD). The experiment is the first physics experiment to deploy an array of LAPPDs. Much
progress has been made towards the full characterization and development of a LAPPD system. In this talk, the results of this
development testing will be discussed, demonstrating the picosecond timing and centimeter-level spatial capabilities of the
LAPPD.
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Vertex and Energy Reconstruction in JUNO with Machine Learning Meth-
ods
Author: Ziyuan Li'

' Sun Yat-Sen University (CN)
Corresponding Author: ziyuan.li@cern.ch

Determination of neutrino mass ordering and precise measurement of oscillation parameters sin® 812, Am3, and Am?2, are
the main goals of JUNO experiment. A rich physics program such as solar neutrinos, supernova neutrinos, geo-neutrinos,
and atmosphere neutrinos is foreseen. The ability to accurately reconstruct events in JUNO is critical to the success of the
experiment. In this talk, four machine learning methods applied to the vertex and the energy reconstruction will be presented,
including Boosted Decision Trees (BDT), Deep Neural Networks (DNN), Convolution Neural Networks (CNN), and Graph
Neural Network (GNN). We demonstrated that machine learning methods can provide the necessary level of accuracy required to
achieve JUNO’s physical goals: 0 = 3% and 0y, = 10 cm at 1 MeV for energy and vertex, respectively.
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Antineutrino sensitivity at Theia

Author: Stephane Zsoldos'
Co-authors: Morgan Askins 2. Zara Bagdasarian 2. Andrew Barna ; Stephen Dye 3. Gabriel D, Orebi Gann 2

! University of California, Berkeley
2 UC Berkeley
3 University of Hawaii
Corresponding Author: zsoldos @berkeley.edu

Theia is a proposed large-scale novel neutrino detector designed with the ability to discriminate between Cherenkov and
scintillation signals. The baseline design consists of a cylindrical tank viewed by inward-looking PMTs and filled with water-
based liquid scintillator (WbLS), a novel target which would combine reconstruction of particle direction from the Cherenkov
signal, with the energy resolution and low threshold of a scintillator detector. Theia would have a broad physics program ranging

from low-E solar to high-E accelerator neutrinos.

In this presentation, we focus on the low-E antineutrinos detected via inverse beta decay interactions on protons. Using WbLS
as target material for a 25 KT detector located at SURF, we present results for the sensitivity of Theia to both geo- and reactor
antineutrinos. Moreover, separation between Cherenkov and scintillation signals offers particle identification capabilities for an
additional discrimination between signal and background.
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Low-energy performance and physics reach of hybrid neutrino detectors

Author: Max Smiley!
Co-authors: Benjamin Land ; Zara Bagdasarian 2. Javier Caravaca Rodriguez 1. Gabriel D. Orebi Gann 2; Minfang Yeh 3
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Optical neutrino detectors have long provided landmark physics results. With the advent of hybrid detector technologies
deployable at large scales, the future remains bright. Recent advancements in novel scintillating targets, fast photo-sensors, and
chromatic sorting are among the techniques under study for the proposed Theia hybrid detector. By utilizing both Cherenkov
radiation and scintillation light, hybrid technology can simultaneously achieve high light yields, direction reconstruction and
robust particle identification in a single detector. We present results from Monte Carlo studies for the performance of large hybrid
detectors and consider the implications for physics analyses, with a focus on the impact on the detection of CNO solar neutrinos.

Posters: Neutrino Experiments / 683

Mechanical design of the Water Cherenkov Test Experiment (WCTE) at CERN

Author: Shubham GarodeNere

Co-authors: Niranjan Deshmukh !; Satish Chinchanikar !; Chandrashekhar Garde '; Ashok Mache !; Shardul Joshi '; Akira Konaka 2; Mark Hartz
2

U Vishwakarma Institute of Information Technology, Pune, India

2 TRIUMF, Canada
Corresponding Author: shubhamgarode @ gmail.com

The Water Cherenkov Test Experiment (WCTE) is a test experiment proposed at CERN to measure the response of a Water
Cherenkov Detector for charged particles such as ce A==, p+, e—=, etc The data obtained from WCTE will be used in future
neutrino experiments.

WCTE consists of a sealed cylindrical tank filled with ultrapure water. 128 multi-PhotoMultiplier Tubes (mPMTs) are mounted
on a cylindrical support structure facing inwards to map out the Cherenkov radiation with high granularity.

This work presents the mechanical design and analysis of the support structure for WCTE. It is designed to sustain the load of
128 mPMTs, arrangement of Photogrammetry system Cameras & lights and Calibration arm without significant change in the
position / geometry of the structure. SS304 is identified as a suitable material to ensure the compatibility with the ultrapure water
and Gd-treated water. The structure is robust against stresses during handling and subsequent transport with and without water.
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The high resolution PAN detector for deep space cosmic rays particles mea-
surements
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The Penetrating particle ANalyzer, an instrument designed to operate in space, will provide precise measurements and monitoring
of the flux, composition, and direction of highly penetrating particles with energy ranging from 100MeV/n to 20 GeV/n. The
concept of the detector is based on a modular magnetic spectrometer of small size, reduced power consumption and low weight
to make the instrument suitable for deep space and interplanetary missions. The magnetic spectrometer module consists in
high-field permanent magnet sectors, high resolution silicon micro-strip detectors, Time Of Flight counters readout by SiPMs,
and active Pixel detectors to maintain the detection capabilities in high rate conditions occurring during solar energetic particle
events and traversing radiation belts around planets. Here we report on the concept of the PAN instrument and the construction
status of the MiniPAN demonstrator for the in-orbit validation of the key functionalities of the instrument.
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Opportunities of Si-microstrip LGAD for next-generation Space detectors

Authors: Matteo Duranti'; Valerio Vagelli2
Co-authors: Alberto Oliva 3; Elisabetta Cavazzuti 2; Fabio Cossio #; Lorenzo Pacini °; Mattia Barbanera !; Valerio Formato ©
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Low Gain Avalanche Diodes (LGAD) is a consolidated technology developed for particle detectors at colliders which allows for
simultaneous and accurate time (<100 ps) and position (< 10 —pm) resolutions with segmented Si-pixel sensors. It is a candidate
technology that could enable for the first time 4D tracking (position and time) in space using LGAD Si-microstrip tracking
systems. The intrinsic gain of LGAD sensors may also allow to decrease the sensor thickness while achieving signal yields

similar to those of Si-microstrips currently operated in Space.

In this contribution we discuss the possible applications and breakthrough opportunities in next generation large area cosmic
ray detectors and sub-GeV gamma-ray detectors that could be enabled by LGAD Si-microstrip tracking detectors in Space. We
propose the design of a cost-effective instrument demonstrator on a CubeSat platform to enable and qualify the operation of
LGAD Si-microstrip detectors in Space.
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Mass production of large-area lithium-drifted silicon detectors for the GAPS
silicon tracker

Authors: Masayoshi Kozai'; Kakeru Tokunaga'; Hideyuki Fuke!; Tyler Erjavecz; Charles J. Hailey3; Chihiro Kato*; Norman Madden?; Kazuoki
Munakata®; Kerstin Perez2; Field Rogerss; Nathan Saffold?; Yuki Shimizu®; Mengjiao Xiao®
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Unprecedented mass-production of large-area lithium-drifted silicon (Si(Li)) detectors has been performed for the General
Antiparticle Spectrometer (GAPS). GAPS is the first experiment optimized for low-energy cosmic antinuclei. The first long-
duration Antarctic balloon flight is scheduled for late 2022. A large-volume silicon tracker plays an essential role in the novel
GAPS detection technique, which is based on exotic atom physics. The Si(Li) detectors developed for GAPS feature a large
(10 cm) diameter, 2.5 mm thickness with >90% sensitive layer, and excellent energy resolution (<4 keV for 60 keV X-rays) at
relatively high operating temperature (~ —40C). We established a fabrication method and produced >1000 detectors with a
yield rate of ~90%. Analysis of the fabrication and performance data provide valuable insights into the production methods for
such large-area Si(Li) detectors. We report on the results of the mass production of GAPS Si(Li) detectors.
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Status of the AugerPrime upgrade of the Pierre Auger Observatory

Authors: Nataliia Borodai!; the Pierre Auger CollaborationNore

! Institute of Nuclear Physics PAN
Corresponding Author: nata.borodai @ gmail.com

The Pierre Auger Observatory consists of a detector system to study ultra-high-energy cosmic rays. These cosmic rays can be
detected only through the observation of extensive air showers, i.e. cascades of secondary particles induced in the atmosphere. The
hybrid detection of air showers at the Observatory is based on the Surface Detector (SD) - an array of about 1660 water-Cherenkov
detectors, and the Fluorescence Detector with 27 telescopes, overlooking SD. Recently, an upgrade of the Observatory was
initiated, called AugerPrime. The main purpose of the upgrade is to improve the mass composition sensitivity of SD through
precise measurements of the muonic and electromagnetic components of extensive air showers. For this purpose, additional
scintillator and radio detectors are being installed on top of SD stations. The upgrade also includes updated SD electronics, and
underground muon detectors. In this talk the motivation for the upgrade and the current status will be reviewed.
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Mini-EUSO telescope on board the ISS: in-flight operations and performances
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VINFN - National Institute for Nuclear Physics
2 University of Rome Tor Vergata
Corresponding Author: laura.marcelli@roma2.infn.it

Mini-EUSO is a high sensitivity imaging telescope that observes the Earth from the ISS in the ultraviolet band (290+/ 430
nm), through the UV-transparent window in the Russian Zvezda module. The instrument, launched in 2019 as part of the Italian
Beyond mission, has a field of view of 44,6, a spatial resolution on the Earth surface of 6.3 km and a temporal resolution of 2.5
microseconds. The telescope detects UV emissions of cosmic, atmospheric and terrestrial origin on different time scales, from a
few microseconds upwards. Mini-EUSO main detector optics is composed of two Fresnel lenses focusing light onto an array of
36 Hamamatsu multi-anode photomultiplier tubes, for a total of 2304 pixels. The telescope also contains: two ancillary cameras
to complement measurements in the near infrared and visible ranges, an array of Silicon-PhotoMultipliers and UV sensors to
manage night-day transitions. In this work we will describe in-flight operations and performances of the various instruments.
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Assembly and test of prototype scintillator tiles for the plastic scintillator de-
tector of the High Energy Cosmic Radiation Detection (HERD) facility

Author: Francesca Romana Pantaleo!

UINFEN - National Institute for Nuclear Physics

Corresponding Author: francesca.pantaleo @ba.infn.it

Satellite experiments for gamma-ray and cosmic ray detection employ plastic scintillators to discriminate charged from neutral
particles for gamma-ray identification. The future High Energy Cosmic Radiation Detection (HERD) facility will be able to
detect cosmic rays and gamma rays up to TeV energies. The plastic scintillator detector (PSD) will consist of scintillator tiles or
bars coupled to Silicon Photomultipliers (SiPMs). Besides the gamma-ray identification, the PSD will measure the ion charge up
to iron nuclei, requiring a wide dynamic range from few tens up to thousands of photoelectrons. We have equipped a plastic
scintillator tile with Hamamatsu and AdvanSiD SiPMs, coupled to the CAEN DT5550W board based on the CITIROC ASIC.
This ASIC allows both a fast trigger formation with configurable threshold and the SiPM charge measurement along two paths
with different gain settings. We will present the performance of our prototype system in terms of gain and signal-to-noise ratio.
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Simulation tool for MRPC telescopes of EEE experiment

Author: Giuseppe Mandaglio'

U Universita e INFN, Catania (IT)
Corresponding Author: giuseppe.mandaglio@cern.ch

The Extreme Energy Events (EEE) experiment consists in a network of cosmic muon trackers, each made of three MRPC, able to
precisely measure the absolute muon crossing time and the muon integrated angular flux at the ground level. To study the Multi-
gap Resistive Plate Chambers (MRPC) telescope response and assess the detector performance, a simulation tool implementing
the Multi-gap Resistive Plate Chambers (MRPC) telescope response was developed in a GEANT4-based framework (GEMC).
The framework has been validated by comparing simulations to EEE telescope data. A detailed description of telescope response
is not only crucial to carry on the physics program of the EEE project, but it may open other research avenues, such as using the
telescope in combination with other detectors, to perform a (muon) tomography of material surrounding the telescope.

In this contribution, the EEE simulation framework will be presented, reporting results and discussing further applications.

Posters: Particle Astrophysics and Space / 521

SiPM-based camera for gamma-ray imaging air Cherenkov telescope
Author: Dmitry Chernov!

! Moscow State University, Skobeltsyn Institute of Nuclear Physics
Corresponding Author: dmchernov72@gmail.com

The current status of the equipment development for the new wide-angle gamma-ray imaging air Cherenkov telescope for
TAIGA hybrid installation is presented. A front-end electronic and data acquisition system board based on the Zynq family
Xilinx FPGA chips specially designed for this project have been produced and are being tested. A detailed description of the
internal structure of the four main subsystems of the board: four 8-channel 100 MHz ADCs, boards control system, internal
clock and synchronization system and the power supply. Additionally, the current status of a small scale prototype telescope SIT
consisting of 49 SiPM is presented. The telescope includes a digital camera for observing the stars and weather condition. The
SIT-HiSCORE synchronization systems and the telemetry information collection had been tested.
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Status of the SPHERE project for the high energy cosmic ray study by regis-
tering reflected Cherenkov light with a drone-borne detector

Authors: Dmitry Chernov!; Dmitry Podgrudkovzg Elena Bonvech?; Vladimir Galkin?; Igor Vaiman?

' Moscow State University, Skobeltsyn Institute of Nuclear Physics
2 M.V, Lomonosov Moscow State University (RU)
3 Moscow State University

Corresponding Author: dmchernov72@gmail.com

Here we present the current status of the SPHERE project, Ads new detector technical design. The SPHERE project is aimed at
the primary cosmic ray studies in 1-1000 PeV energy range using the reflected Cherenkov light method. The concept is discussed
of a drone mounted detector with a photosensitive camera based on silicon photomultipliers. The design details of a small scale
prototype of such a detector is presented.
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A complete MC optical photons tracking simulation of Plastic Scintillator De-
tectors for the next generation of satellite experiments.

Author: Corrado Altomare!

UINFN - National Institute for Nuclear Physics
Corresponding Author: corrado.altomare @ba.infn.it

Plastic scintillators are widely used for anti-coincidence systems and nuclei identification in satellite experiments. For this reason,
a plastic scintillator detector (PSD) must have a high detection efficiency for charged cosmic rays and a very good capability
in measuring nuclei charge. We implemented a full and customizable simulation tool to investigate the performance of a PSD
coupled to Silicon Photomultipliers. The overall performance of the detector is studied by tracking optical photons produced
inside the scintillator. The simulation will be used for the design of a PSD for future space experiments, such as HERD, AMEGO,
e-Astrogam. In this work we investigated in detail the effect of Birks, A6 saturation effect in the discirimination of charged ions
up to iron nuclei. We compare the simulations to measurements conducted on prototype scintillator tiles.
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Mini-EUSO space qualification and integration for high atmosphere phenom-
ena and cosmic UV emissions stuy on board the International Space Station

Author: Giorgio Cambie’ !
Co-authors: Marco Casolino 2; Laura Marcelli

! University of Rome Tor Vergata
2 INFN - National Institute for Nuclear Physics
Corresponding Author: giorgio.cambie @roma2.infn.it

Mini-EUSO is a telescope launched on August 2019 with the Soyuz MS-14, hosted on board the Russian Zvezda module of the
International Space Station, facing a UV-transparent window in Nadir mode. It belongs to a novel set of missions committed
to evaluate, for the first time, the capability of observing Ultra High Energy Cosmic Rays from a space-based point of view
but also to search for Strange Quark Matter and to observe Transient Luminous Event. Mini-EUSO consists of a main optical
system sensitive to UV spectrum (300,Ai400nm) and several ancillary sensors comprising a visible (400,A1780nm) and NIR
(1500,Ai1600nm) cameras and a 64 channels SiPM array which will increase the Technology Readiness Level of this ultrafast
imaging sensor. The main detector has a field of view (44—00) which allows to map a ground area of 263 x 263 km?2 thanks
to the optics which comprises two Fresnel lenses focusing the radiation onto a 36 Multi- Anode PMT, each of 64 with a time
resolution of 2.5 (E’.
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Trinity: An Air-Shower Imaging Observatory for UHE-Neutrino Detection
Authors: Mos/® Mariotti'; Michele Doro?; Ignacio Taboada®; Wayne Springer*; David Kieda*; Anthony Brown’; Giovanni Ambrosi®; Francesco
Giordano'; Lauren Stewart®; Oscar Romero Matamala®; Eliza Gazda3; Mahdi Bagheri3; A. Nepomuk OtteNone

U INFN

2 University of Padua and INFN Padua

3 Georgia Institute of Technology

4 University of Utah

5 Durham University

6 Universita e INFN, Perugia (IT)
Corresponding Author: nepomuk.otte @ gmail.com

The Trinity Observatory is a proposed UHE-neutrino detector with a core-energy range of 10° GeV-10*° GeV, bridging the
observational gap between IceCube and UHE radio detectors. Trinity is a system of novel, 5x60-degree wide field-of-view
air-shower imaging telescopes that detect Earth-skimming tau neutrinos from mountain tops. Trinity, Ads primary science
objectives are the extension of the IceCube measured neutrino flux to ultrahigh energies and the detection of cosmogenic
neutrinos. Trinity will provide critical measurements to study flavor physics and neutrino cross-sections at energies that are out
of reach for accelerators. In this contribution, we present the present design of Trinity and discuss its performance.
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Thermo/mechanical design for embedding ALPIDE pixel sensor chip in a
High-Energy Particle Detector space module
Author: Enrico Serra!
Co-authors: Massimo Angeletti 2: Coli Silvia 3; Tuppa Roberto 4: Corrado Gargiulo 2
VINFN - TIFPA / CNR-IMEM
2 CERN
3 INFN sezione di Torino
4 Dipartimento di Fisica dell’Universit\/t degli studi di Trento / INFN-TIFPA
Corresponding Author: enrico.serra@tifpa.infn.it

The High-Energy Particle Detector (HEPD) module is designed to measure the pitch angle and energy of electrons and protons
fluxes trapped in the Earth Magnetosphere with energies 3-100 MeV and 30-300 MeV respectively. In view of the launch of
CSES-02 satellite, an interesting option for improving the HEPD is to endow the tracking module with ALPIDE monolithic
active pixel, specifically developed for the ITS upgrade of ALICE experiment at CERN.

In this work we present the project of a modular and compact particle tracker made of 5 turrets, making use of 150 pixel sensors
equipped with Hybrid Integrated Circuit (HIC) and supported by Carbon Fiber Reinforced Plastics (CFRPs) staves housed in an
aluminium case.

All envisaged solutions have been validated with an intense campaign of qualification tests, concerning vibrations and thermal
stresses. The HEPD-02 tracker project foreruns the massive usage of CFRPs for space initiatives both of scientific and exploratory
nature.
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A low-power sparsified readout for the MAPS-based High Energy Particle
Detector space tracker

Authors: Stefania Beole!; Lorenzo De Cilladi'; Giuseppe Gebbia?; Roberto Tuppa?; Ester Ricci*; Sergio Bruno Ricciarini’; Paolo Zuccon?

U Universita e INFN Torino (IT)
2 Universit\/t di Trento
3 Universita degli Studi di Trento and INFN (IT)
4 Universita degli Studi di Trento and INFN (IT)
5 Universita e INFN, Firenze (IT)
Corresponding Author: lorenzo.de.cilladi@cern.ch

The transfer to satellite-based applications of the silicon monolithic pixel technology can enable a higher particle detector
granularity without increasing the number of bonding interconnections. However, power consumption and heat dissipation are
issues to be dealt with for enabling such developments. This contribution will present a low-power sparsified readout architecture
for the MAPS-based tracker which will be integrated in the High-Energy Particle Detector onboard the CSES-02 satellite. The
whole tracker includes 150 ALPIDE sensors organised in three planes and is managed by a custom parallel readout architecture
implemented on a single low-power FPGA chip. The adopted solution allows to address both the required performance and the
stringent constraints on the power budget. Additionally, this architecture is scalable to larger and more complex detectors, thus
representing an option for future space missions.

Page 82



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Particle Astrophysics and Space / 663

Development of scintillation detectors with light collection on wavelength shift-
ing light guides for TAIGA experiment

Author: Evgeniy Kravchenko!

' Novosibirsk State University
Corresponding Author: e.kravchenko@nsu.ru

The TAIGA gamma observatory is continuing its deployment at Tunka valley, close to Baikal lake. The new, original detectors,
able to work in severe conditions of Siberia were developed to increase the TAIGA power for the study of gamma-quanta at
energies about 1 PeV and above. The distinguishing feature of the detectors is the use of the wavelength shifting light guides for
scintillation light collection on a photodetector. Several designs of the counters have been successfully tested: equipped with
PMT or SiPM photo-detectors, acrylic or polystyrene based scintillators with thickness from 1 to 5 cm and detecting area from
0.75 to 1.0 m"2. The data on the amplitude of the signal from cosmic muons measured in different points within the counter are
presented. The first 48 counters were produced deployed in 2019 at the TAIGA experiment. They form 3 stations each with 8
surface detectors and 8 underground detectors buried at the depth of 1.7 m. After two winters, all counters are working.

Posters: Particle Astrophysics and Space / 674

Characterization of the Crystal Eye pathfinder

Authors: Felicia Carla Tiziana Barbato!; Andrea Abba?; Antonio Anastasio’; Giancarlo Barbarino’; Alfonso Boiano*; Riccardo De Asmundis’;
Ivan De Mitri®; Luigi Ferrentino’; Fabio GarufiN°"®; Fausto Guarino®; Riccardo Guida®; Fabrizio Renno8; Antonio Vanzanella’

! Gran Sasso Science Institute

2 Nuclear Instruments

3 Istituto Nazionale di Fisica Nucleare - Sezione di Napoli
4 INFN - National Institute for Nuclear Physics

5 Universita e sezione INFN di Napoli (IT)

6 Gran Sasso Science Institute (IT)

7 Universit\/7 degli Studi di Napoli "Federico 1"

8 University of Naples Federico Il

9 Universita e INFN (IT)

Corresponding Author: felicia.barbato @gssi.it

Crystal Eye is a new generation all sky monitor for the observation of 10keV-30MeV cosmic photons exploiting a new detection
technique, which foresees enhanced localization capability with respect to current instruments. This is now possible thanks to the
use of new materials and sensors.

The proposed detection module is designed to be easily installed either on free flyer satellites or onboard space stations. Science
goals include Gamma Ray Bursts, electromagnetic counterpart of Gravitational Wave emissions, Active Galactic Nuclei and line
emission from supernova explosions observations

A Crystal Eye pathfinder, made by 4 pixels, has been set up to fly aboard of the Space RIDER, an uncrewed reusable orbital
spaceplane aiming to provide the European Space Agency (ESA) with affordable and routine access to space.

The mission will follow a LEO orbit (similar to ISS orbit) for two months when it will come back at the base. We here present
the first characterization of the pathfinder.

Funding information:
The Crystal Eye R&D is financially supported by University of Naples Federico II and Intesa San Paolo with the “STAR2018 - L1
Junior Principal Investigator” grant and by Gran Sasso Science Institute
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The High Energy cosmic-Radiation Detection facility: an innovative appara-
tus design for cosmic-ray measurement
Authors: Nicola Mori!; The HERD collaboration™¥"¢; Oleksandr Starodubtsev?

U INFN Florence
2 Universita e INFN, Firenze (IT)
Corresponding Author: aleksandr.starodubtsev@cern.ch

The High Energy cosmic-Radiation Detection (HERD) facility will be installed aboard the China’s Space Station (CSS) around
2025, and it will extend the direct measurements on cosmic rays by one order of magnitude in energy. This will be possible thanks
to an innovative design that was carefully optimized to overcome the limitations that affect the experiments currently operating
in space. In this talk, the HERD instrument will be presented: it is based on a large, homogeneous and isotropic calorimeter made
of LYSO crystals, optimized in order to have good energy resolution and large geometric factor. The calorimeter is surrounded
by a subdetector system, fiber tracker, plastic scintillator and silicon microstrip from inside out with fine segmentation, to allow
for good angular resolution, multiple charge measurements of incoming particles. The detector is complemented by a transition
radiation detector used to calibrate the high-energy hadronic calorimeter response in a data-driven way
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Control system for ion Penning traps at the AEgIS experiment at CERN

Author: Dorota Nowicka!

U Warsaw University of Technology (PL)
Corresponding Author: dorota.nowicka@cern.ch

The AEgIS experiment located at the Antiproton Decelerator at CERN aims to measure the gravitational fall of a cold antihydrogen
pulsed beam. The precise observation of the antiatoms in the Earth gravitational field requires a controlled production and
manipulation of antihydrogen. The neutral antimatter is obtained via a charge exchange reaction between a cold plasma of
antiprotons from ELENA decelerator and a pulse of Rydberg positronium atoms. The current custom electronics designed to
operate the 5 and 1 T Penning traps are going to be replaced by a control system based on the SINARA/ARTIQ open hardware
and software ecosystem. This solution is present in many atomic, molecular and optical physics experiments and devices such as
quantum computers. Our group is directly involved in the design and implementation of the ecosystem. We are going to report
the status of the implementation as well as the main features of the new control system.

Funding information:
WUT ID-UB, Poland
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Development of a detector for a gravity measurement on positronium at the
AEgIS experiment at CERN

Author: Lisa Theresa Gloggler!

U Technische Universitaet Berlin (DE)
Corresponding Author: lisa.theresa.gloggler@cern.ch

The primary goal of the AEgIS experiment at CERN is to measure the gravitational acceleration on neutral antimatter. Positronium
(Ps), the metastable bound state of an electron and a positron, is a suitable candidate for a force-sensitive inertial measurement by
means of deflectometry/interferometry. In order to conduct such an experiment, the impact position and time of arrival at the
detector of Ps atoms must be detected simultaneously with a spatial resolution of better than 10 —=um and a time-resolution in the
order of 100 ns. The detection of a low-velocity Ps beam with a spatial resolution of (88 —=£ 5) —um was demonstrated [1].
Based on the methodology employed in [1], a hybrid imaging/timing detector with increased spatial resolution was developed.
The performance of a prototype was tested with a positron beam. The concept of the detector is presented in detail and the results

of the tests are shown.
[1] C. Amsler et al. NIM in Ph. Research B 457 (2019) 44-48
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Setup to study the Compton scattering of entangled annihilation photons
Authors: Alexander Strizhak!; Alesandr Ivashkin?

U Institute for Nuclear Research of the Russian Academy of Sciences(RU)
2 Russian Academy of Sciences (RU)
Corresponding Author: decapitatornol @ gmail.com

In this contribution, the Compton scattering of entangled annihilation photons is discussed. The pairs of gammas with energy
511 keV are born in electron-positron annihilation and have the entangled polarization states. Since the Compton scattering
depends on the polarization of the initial photon, one can expect to observe the peculiar properties of the Compton scattering of
entangled gammas. The scattering kinematics of entangled and decoherent photons with different polarization states might be
quite different.

To test the difference in the kinematics of Compton scattering of photons in entangled and decoherent states the dedicated
experimental setup is now under construction at INR RAS. This setup has two arms, each containing plastic scatterer and 16
Nal(T1) scintillator counters with PMT readout that arrarnge 16 dichromatic Compton polarimeters. An additional small scatterer
of GAGG scintillator with SiPM readout is placed in one arm to produce the pairs of decoherent photons.
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ELITPC - an active target TPC for studying nuclear reactions at astrophysi-
cal energies

Author: Mateusz Fila!
Co-authors: Mikolaj Cwiok 2; Zenon Janas 3; Wojtek Dominik 2; Artur Kalinowski 2; Magdalena Kuich 2; Chiara Mazzocchi 2; Moshe Gai 4;
Marcin Zaremba !

U University of Warsaw
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Corresponding Author: mfila@fuw.edu.pl

Determining the ratio of carbon-to-oxygen produced at the end of the helium burning in stars is a paramount importance problem
for nuclear astrophysics. In recent years, the advent of high-intensity -y-ray beams opened a new opportunity to study the
12C(c,)'°0 reaction regulating the ration by investigating the time-reversal photodisintegration reaction.

To take advantage of this approach an active-target Time Projection Chamber with electronic readout is being developed at the
University of Warsaw, Poland. The °O(c,)'2C reaction will be studied in an experiment with the gamma-ray beam provided
by the High Intensity Gamma-Ray Source (HIyS), USA, and in Day-1 experiments at the Extreme Light Infrastructure Nuclear
Physics (ELI-NP), Romania.

During the presentation, I will discuss the challenges we have faced and the solutions we adopted for detector design. I will also
outline the present problems and plans for future.

Funding information:
Work supported by Polish Ministry of Education and Science (4087/ELI-NP/2018/0) and NCN (UMO-2019/33/B/ST2/02176),
University of Connecticut (UConn-LNS_UW?/7/201 and U.S. DOE (DE-FG02-94ER40870)
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SciFi - A large Scintillating Fibre Tracker for LHCb

Authors: LHCb SciFi Collaboration™N"¢; Ulrich Uwer! ; Daniel Alexander Berninghoffl

U Ruprecht Karls Universitaet Heidelberg (DE)
Corresponding Author: daniel.berninghoff @cern.ch

The LHCDb detector is currently being upgraded to cope with higher instantaneous luminosities and to read out data at 40 MHz
using a trigger-less read-out system. The new main tracker consists of 250—um thick scintillating fibres (SciFi) and covers an
area of 340 m?. The tracker provides a spatial resolution for charged particles better than 80 ~um. The scintillation light is
recorded with arrays of multi-channel silicon photomultipliers (SiPMs). A custom ASIC is used to digitize the SiPM signals and
subsequent digital electronics performs clustering and data-compression. Single detector modules are mounted on so-called
C-frames (3m x 6m) which will provide the mechanical support and the necessary services. The serial assembly of the 12 large
frames, each comprising 50,000 SiPM channels, is progressing and the first detector elements have been commissioned. This
presentation will cover the development, construction and the commissioning results of the detector.
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Noise performance of the ALPIDE-based ALICE Inner Tracking System

Author: Magnus Mager!

' CERN
Corresponding Author: magnus.mager@cern.ch

The new ALICE Inner Tracking System is the first large-scale MAPS-based tracking system. It is covering an active surface of
10 m—<, with a total of 12.5 billion pixels. Several optimisations of the pixel chip lead to a quasi-noise-free operation, with
measured fake-hit rates of below 1 hit per pixel and billion events (system level numbers), numbers compatible with the order of
magnitude expected from cosmic and natural background radiation.

This contribution covers a detailed study of fake hits as recorded in the inner-most detector barrels, made of the highest quality
chips. It reveals a localised noise pattern that could be traced down to originate from decoupling capacitors present on the detector
module. It can most likely be explained by the radiative decay of Pb-210, which is present in trace amounts in the solder that was
used to mount decoupling capacitors on the detector modules. This hypothesis is substantiated with a dedicated simulation study
and laboratory measurements.
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ALICE ITS upgrade for LHC Run 3: commissioning in the laboratory

Author: Domenico Colella!

U Politecnico and INFN Bari, Italy
Corresponding Author: domenico.colella@cern.ch

ALICE is the CERN LHC experiment optimised for the study of the strongly interacting matter produced in heavy-ion collisions
and devoted to the characterisation of the quark-gluon plasma. To achieve the physics program for LHC Run 3, a major upgrade
of the experimental apparatus is ongoing. A key element of the upgrade is the substitution of the Inner Tracking System (ITS)
with a completely new silicon-based detector whose features will allow the reconstruction of rare physics channels, not accessible
with the previous layout. The enabling technology for such a performance boost is the adoption of custom-designed CMOS
MAPS as detecting elements.

In this talk, an overview of the adopted technologies and results from commissioning in laboratory as well as the status of the
ongoing installation in the ALICE cavern and global commissioning will be given.
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Evaluation a multi-module demonstrator for the ITk Pixel Outer Barrel for
the ATLAS Phase-II upgrade

Authors: Jens Weingarten1 : Francisca Munoz Sanchez?; Gerhard Immanuel Brandt?

U Technische Universitaet Dortmund (DE)
2 University of Manchester (GB)
3 Bergische Universitaet Wuppertal (DE)
Corresponding Author: gerhard.immanuel.brandt@cern.ch

The ATLAS tracking system will be replaced by an all-silicon detector for the HL-LHC upgrade around 2025. The innermost
five layers of the detector system will be pixel detector layers which will be most challenging in terms of radiation hardness,
data rate and readout speed. A serial power scheme will be used for the pixel layers to reduce the radiation length and power
consumption in cables. New elements are required to operate and monitor a serially powered detector including a detector
control system, constant current sources and front-end electronics with shunt regulators. A demonstrator prototype was built
using about 40 FE-I4 modules powered in six serial chains, that employs realistic mechanics and services, interlock and cooling
infrastructure, power supplies and readout system. In the presentation, the latest results and full evaluation of the electrical
prototype are presented. Important qualification steps of the system design and its operation are discussed.
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Track and vertex reconstruction using moving emulsion blocks and a silicon
pixel tracker for particles induced by 400 GeV/c protons on a thick target

Authors: Nikolaus Owtscharenko!; Nikolaus Owtscharenko?

1 Center for Particle Physics Siegen, Experimentelle Teilchenphysik, University/§t Siegen, Germany
2 Universitaet Siegen (DE)
Corresponding Author: n.owtscharenko@cern.ch

The SHiP-charm experiment is designed to measure the charm production cross section, including cascade production, of 400
GeV/c protons hitting a thick, SHiP-like target. For the detection of production and decay of heavy charmed particles, emulsion
films are employed in a multilayered moving target, forming an emulsion cloud chamber. While the emulsion films provide
excellent spatial resolution they do not provide timing information, integrate all events, and quickly get saturated. For the charm
measurement the emulsion target is thus moving at a constant speed during data-taking. A first optimization run at the CERN
SPS has been performed in 2018, with the purpose to develop the required analysis tools and to fine-tune the detector layout.
We report on the experiment design, track reconstruction in the pixel tracker and the track matching with the moving emulsion
detector.
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Module development for the ATLAS ITk Pixel Detector

Authors: Jens Weingarten] ; Francisca Munoz Sanchez?

! Technische Universitaet Dortmund (DE)
2 University of Manchester (GB)
Corresponding Author: abhishek.sharma@cern.ch

In HL-LHC operation the instantaneous luminosity will reach unprecedented values, resulting in about 200 proton-proton
interactions in a typical bunch crossing. The current ATLAS Inner Detector will be replaced by an all-silicon system, the
Inner Tracker (ITk). The innermost part of ITk will consist of a state-of-the-art pixel detector. Several different silicon sensor
technologies will be employed in the five barrel and endcap layers. Based on first modules assembled using the RD53A prototype
readout chip, numerous issues are being studied. These include production issues like bump bonding of large area, thin modules,
as well as layout issues like optimization of the bandwidth and sharing of links between multiple chips and modules. The talk
will present results of many of these studies, which directly impact the construction and assembly of modules with using the first
production version of the readout chip ITKpixV1, which will become available shortly.
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The performance and operational experience of ATLAS SemiConductor Tracker
in Run-2 at LHC

Authors: Osamu Jinnouchi'; Ynyr Harris?

U Tokyo Institute of Technology (JP)
2 University of Oxford (GB)
Corresponding Author: ynyr.theophilus.harris@cern.ch

The performance of ATLAS SemiConductor Tracker (SCT) in Run-2 at Large Hadron Collider (LHC) has been reviewed during
the current long shutdown. The LHC successfully completed its Run-2 operation (2015-2018) with a total integrated delivered
luminosity of 156 fb,ail at the centre-of-mass pp collision energy of 13 TeV. The LHC high performance provide us a good
opportunity for physics analysis. It came with high instantaneous luminosity and pileup conditions that were far in excess of
what the SCT was originally designed to meet. The first significant effects of radiation damage in the SCT were also observed
during Run-2. This talk will summarise the operational experience and performance of the SCT during Run-2, with a focus on
the impact and mitigation of radiation damage effects.
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Developments and R&D plan for a future Vertex Locator using time measure-
ments
Authors: Kazuyoshi Carvalho Akiba'; Paula Collins?
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LHCb has recently submitted a physics case to upgrade the detector to be able to run at instantaneous luminosities of
1.5x10%* cm 257, an order of magnitude above Upgrade I, and accumulate a sample of more than 300 fb~. At this in-
tensity, the mean number of interactions per crossing would be 42, producing around 2000 charged particles within the LHCb
acceptance. The LHCb physics programme relies on an efficient and precise vertex detector (VELO) to correctly identify the
origin point of the b/c decays. To meet this challenge it is necessary to use temporal precision on each hit at the pixel detector
region. To achieve this goal a new 4D hybrid pixel detector with enhanced rate and timing capabilities in the ASIC and sensor
will be developed. Improvements in the mechanical design will be needed to allow periodic module replacement and lower

detector material.
The early stages of R\&D a conceptual design of a 4D VELO and simulation studies will be presented
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Operational Experience and Performance with the ATLAS Pixel detector at
the Large Hadron Collider at CERN

Authors: Clara Troncon!; Chris ScheulenNon®

' Milano Universita e INFN (IT)
Corresponding Author: christian.scheulen @phys.uni-goettingen.de

The tracking performance of the ATLAS detector al LHC relies critically on its 4-layer Pixel Detector.The key status and
performance metrics of the ATLAS Pixel Detector are summarised, and the operational experience and requirements to ensure
optimum data quality and data taking efficiency will be described, with special emphasis to radiation damage experience.

By the end of the proton-proton collision runs in 2018, the innermost layer IBL,

consisting of planar and 3D pixel sensors, had received an integrated O"Cuence of approximately (Ef[ = 9 /6 1014 1 MeV
neq/cm2. The ATLAS collaboration is continually evaluating the impact of radiation on the Pixel Detector. A quantitative
analysis of charge collection, dE/dX, occupancy reduction with integrated luminosity, under-depletion effects with IBL, effects
of annealing will be presented and discussed, as well as the operational issues and mitigation techniques adopted during the LHC
Run2 and the ones foreseen for Run3.

Page 90



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Trackers / 431

Quality inspection aspects of hybrid prototypes for the CMS Outer Tracker
upgrade at HL-LHC

Authors: Alessandro La Rosa!; Imtiaz Ahmed?; Georges Blanchot!; Stephane Brunet Cooperstein3; Alan Honma*; Mark Istvan Kovacs'; Irene
Mateos Dominguez'; Angelos Zografos!

' CERN
2 National Institute of Chemical Physics and Biophysics (EE)
3 Univ. of California San Diego (US)
4 Brown University (US)
Corresponding Author: alessandro.larosa@cern.ch

In the HL-LHC scenario, the CMS experiment will need to operate at up to 200 interactions per 25 ns beam crossing time
and with up to 3000 fb~! of integrated luminosity. To achieve the physics goals the experiment needs to improve the tracking
resolution and the ability to selectively trigger on specific physics events. The CMS Tracker upgrade requires designing a new
detector to cope with HL-LHC scenario. The new Outer Tracker is based on two silicon modules (strip-strip & pixel-strip). Each
module type has a few types of high-density interconnect hybrid circuits which house the front-end and auxiliary electronics.
Two sides of the sensors are wire-bonded to the front-end hybrids. For both module types, folded flexible circuits are used to
enable wire-bonded connection from the sensor assemblies with various spacing.

The talk will introduce the technological choices for modules and hybrids and it will present the quality control aspects of the
first hybrid prototypes.
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Testbeam studies of ATLAS ITk strip modules at DESY-II testbeam facility

Author: Marco Valente!

! TRIUMF (CA)
Corresponding Author: marco.valente@cern.ch

In order to cope with the occupancy and radiation doses expected at the HL-LHC, the ATLAS experiment will replace its Inner
Detector with an all-silicon Inner Tracker (ITk). The ITk strip subsystem will be built from modules, consisting of one n+-in-p
silicon sensor, one or two PCB hybrids with the front-end electronics, and one powerboard. To validate the detector performance,
a series of testbeams has been performed at the DESY-II facility with modules before and after irradiation. Tracking was provided
by EUDET telescopes, consisting of six Mimosa26 pixel planes, with an additional plane used to improve the timing resolution.
This contribution summarizes the main results, including tracking performance, charge collection, efficiency, and noise occupancy.
Detailed studies of sensor features are also performed. Finally, the measurements are compared to simulations made with Allpix2.
The results give confidence that the ITk strip detector will meet the requirements of the HL-LHC.
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Precision survey of the readout elements of small-strip Thin GapChambers
using collimated X-rays for the muonspectrometer upgrade of the ATLAS
experiment

Author: Dylan Pizzi!
Co-author: Muon Coll. ATLAS 2

U Carleton University (CA)
2 ATLAS

Corresponding Author: dylanpizzi@cmail.carleton.ca

The muon end-cap inner station of the ATLAS detector is being replaced by New Small Wheels (NSWs). The NSWs will
effectively improve the online muon identification and maintain the current muon transverse momentum resolution despite the
increased detector hit rates. The NSWs combine the Micromegas and small-strip Thin Gap Chambers(sTGC) technologies. The
STGC detector modules are arranged inw edges of 4 detector layers each counting up to 1000 readout strips used for precise
muon trajectory measurements. The positioning of individual readout strips must be known to within 100 microns to satisfy the
performance targets of this ATLAS upgrade. Non-conformities of the sTGC strip pattern are therefore measured on finished
wedges using an X-ray gun precisely positioned at fixed reference points.The working principles and experimental procedure of
this technique will be shown as well as validation studies based on measurement scarried out on the early production of sSTGC
wedges.
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Integration and commissioning of the ATLAS small-strip Thin Gap Cham-
bers

Author: Prachi Atmasiddha!
Co-author: Muon Coll. ATLAS 2

! University of Michigan, Ann Arbor
2 ATLAS
Corresponding Author: prachi.atmasiddha@cern.ch

ATLAS endcap inner station muon detector is being replaced with a New Small Wheel (NSW) detector to handle the increase
in data rates and radiation expected at HL-LHC. The NSW will feature two new detector technologies, Resistive Micromegas
(MM) and small-strip Thin Gap Chambers (sTGC). Both detector technologies will provide trigger and tracking primitives.
The sTGC detector is composed of 192 four-layer chambers and pad, strip and wire signals will all be read out. Its frontend
electronic system has 11,776 ASICs on 1,536 frontend boards and 354,000 readout channels. Tasks such as time, trigger and
control signal distribution and readout are performed by an Front End Link Interface eXchange (FELIX) system. Integration and
commissioning of frontend and backend electronics on these chambers is ongoing at CERN. I will discuss the overall detector
and electronic system and present integration and commissioning results.
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The ATLAS New Small Wheel Simulation and Reconstruction Software and
Detector Performance Studies

Author: Alexandre Laurier!

Co-author: Muon Coll. ATLAS 2

I Carleton University (CA)
2 ATLAS

Corresponding Author: alexandre.laurier@cern.ch

The New Small Wheels (NSW) are replacing the innermost stations of the two endcap sides of the ATLAS Muon Spectrometer.
NSW are equipped with 2 new detector technologies: small strips Thin Gap Chambers (sTGC) and Micromegas (MM). The
assembly of the first wheel, composed by 64 Micromegas and 64 sSTGC modules, is almost completed. The software for simulation
and reconstruction is also well advanced to be ready for data taking in 2022. The detectors response is simulated and compared
with real data from cosmic rays and test-beam. Nominal geometries and misalignments and deformations are implemented,
together with other deviations from nominal operating conditions resulted from the detectors validation studies. Trigger and
reconstruction performance studies are carried out in different configurations.

After an overview of the software implementation and the adopted strategies, a summary of the studies carried out will be
presented.
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Cosmic results with the final Micromegas sectors for the ATLAS Muon up-
grade

Author: Ioannis Michail Maniatis'
Co-author: Muon Coll. ATLAS

U Aristotle University of Thessaloniki (GR)
Corresponding Author: ioannis.michail.maniatis @cern.ch

The innermost end-cap muon station of the ATLAS detector is being upgraded with the New Small Wheel (NSW) using new
technology for precision tracking and triggering: Micromegas (MM) and small-strip Thin Gas Chamber (sTGC). Each of the
two NSWs will consist 8 large and 8 small sectors. A sector is a combination of the STGC wedges on either side of a double
Micromegas wedge. Four Micromegas quadruplets are integrated to build a double wedge. After the electronic integration is
completed, the double wedges are tested with cosmic muons at the cosmic stand—tat CERN. Here, we make sure of the final
high voltage configuration, measure the efficiency, cluster size, strip multiplicity per readout layers of the double wedge and
qualify the Micromegas sector for the final integration with the sSTGC wedges before mounting them on the New Small Wheel.
The procedure and the test results of the final validation of Micromegas double wedges will be presented.
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Commissioning and installation of a new generation of Resistive Plate Cham-
bers for the phase-1 BIS78 upgrade of the ATLAS muon spectrometer

Author: Giorgia Proto!
Co-author: Muon Coll. ATLAS 2

L INEN e Universita Roma Tor Vergata (IT)
2 ATLAS

Corresponding Author: giorgia.proto@cern.ch

I,A®n preparation for the coming years of LHC running at higher luminosity, two upgrade projects of the ATLAS Muon
spectrometer have been developed: the New Small Wheel project, improving the trigger in the end-cap regions, and the BIS78
project, dedicated to the transition region between barrel and the endcaps (1<letal<1.3).

The BIS78 project will add 32 RPC triplets along z on the edges of the inner barrel sectors where the ATLAS toroid is present.
These new generation of RPCs are characterized by thinner gas gaps (Imm vs 2mm of the legacy RPCs) as well as thinner
resistive electrodes, together with a new high gain front-end electronics with a lower operating voltage.

16 BIS78 stations have been already installed in the ATLAS Muon spectrometer between 2020 and 2021 and are being
commissioned during this year. The state of art of the project, the status of the commissioning as well as the overall performances
of the installed RPCs will be presented.
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Commissioning and studies of TPC prototype using 266nm UV laser beams

Author: Zhiyang Yuan'
Co-authors: Huirong Qi !; Yue Chang !

! Institute of High Energy Physics, CAS
Corresponding Author: yuanzy @ihep.ac.cn

To achieve the physical goals in the future circular collider, Time Projection Chamber(TPC) is one of the main concept proposal
of the central tracker detector, it has an excellent performance on the moment, dE/dx and the spation resolution.

the TPC prototype with a MPGD detector module integrated the laser calibration system has been developed in Institute of High
Energy Physics (IHEP). This prototype has an active readout area of 200mm x200mm and the drift length of 500mm, the narrow
laser beams can imitate straight ionization tracks at predefined position(<2um). it is placed on an anti-vibration pneumatic
optical platform and any vibration down to amplitudes of less than 2;um, 1280 channels readout system and the high voltage of
20,000V for the light field cage have been done, and the signal tests are very good for TPC prototype integrated 42 UV laser
beams. In this talk, some performance results of dE/dx and the position resolution will be presented,, AC

Funding information:
National Natural Science Foundation of China (Grant NO.: 11975256,11775242), National Key Programme for S&T Research and
Development (Grant NO.: 2016 YFA0400400)
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Luminosity and beam-induced background measurement with the CMS tracker
endcap pixel detector at HL-LHC

Author: Mykyta Haranko!
Co-author: Gabriella Pasztor 2

! CERN
2 E\/Btv\/Bs University, Budapest
Corresponding Author: mykyta.haranko@cern.ch

The High Luminosity upgrade of the LHC (HL-LHC) places unprecedented requirements for background monitoring and
luminosity measurements. The CMS Tracker Endcap Pixel Detector (TEPX) will be adapted to provide high-precision online
measurements of bunch-by-bunch luminosity and beam-induced background. The implementation of dedicated triggering and
readout systems, the real-time clustering algorithm on an FPGA and the expected performance are discussed. The innermost ring
of the last layer (D4R1) will be operated independently from the rest of TEPX enabling beam monitoring during the LHC ramp
and during unqualified beam conditions. The system optimisation and the dedicated timing and trigger infrastructure for D4R1
are also presented.
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Performance tests of dual-phase CO, cooling for particle detectors

Authors: Alessia Renardi'; Jan-Hendrik Arling?
Co-authors: Ruchi Gupta ; Dennis Sperlich 3. Marc Hauser 3; Frauke Poblotzki 2; Sergio Diez Cornell 4. Ingrid-Maria Gregor 5. Marta Baselga 2

! DESY
2 Deutsches Elektronen-Synchrotron (DE)
3 Albert Ludwigs Universitaet Freiburg (DE)
4 Deutsches Elektronen-Synchrotron (DESY)
5 DESY & Bonn University
Corresponding Authors: alessia.renardi @cern.ch, jan-hendrik.arling@cern.ch

Evaporative CO» cooling is a promising solution for the cooling of high-energy particle detectors, such as the new ATLAS Inner
Tracker (ITk) for the high-luminosity upgrade of the LHC.

CO: offers a high latent heat transfer at reasonable flow parameters and is an environment friendly alternative to many other
currently used coolants.

At the same time, the operation in the dual-phase regime comes with several parameters influencing the cooling performance
compared to a monophase coolant.

Some of these are experimentally studied using prototypes from the ITk strip detector end-cap. Here, the local support structure
called petal core should allow a good heat transfer between the silicon strip modules glued on the surface and the embedded
titanium cooling pipe.

Systematic investigations on the thermal performance using infrared thermography are used to study the influence of dual-phase
CO: cooling parameters, such as heat load or mass flow rate, and are compared to simulation.
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New Beam Position Detectors for NA61/SHINE experiment

Author: Aleksandr Makhnev'
Co-authors: Fedor Guber 2; Dmitry Serebryakov 2; Szymon Pulawski 3; Seweryn Kowalski 3

! The Institute for Nuclear Research of the Russian Academy of Sciences

2 Russian Academy of Sciences (RU)

3 University of Silesia (PL)

Corresponding Author: makhnev.a@phystech.edu

The NA61/SHINE experiment at the CERN SPS is undergoing a major upgrade during the LHC Long Shutdown 2 period
(2019-2021). The upgrade is essential to fulfill the requirements of the new open charm and neutrino programs. In these programs
the NA61/SHINE will operate with the data acquisition rate increased by a factor of 10, which requires an upgrade of current
Beam Position Detectors (BPDs). New BPDs should monitor beam particle positions with a frequency up to 10”5 Hz.

The design and development of the new BPDs based on Si strip detectors as well as BPD, Ads readout electronics, integration
with DAQ and electronics verification results will be discussed.

Posters: Trackers / 664

A Muon Detector Design for STCF Based on Mixed Structure of RPC and
Plastic Scintillator
Authors: Zhujun Famgl : Jianbei Liu?; Ming Shao?; Yulin Liu!

Lustc
2 University of Science and Technology of China (CN)
3 Univ. of Sci. and Tech. of China

Corresponding Author: fzj19@ustc.edu.cn

Abstract: The STCF is designed as one of the viable successor of the BEPC II, with 100 times higher luminosity promotion.
The increased luminosity benefits the ceN-Charm physical research, however asking for an advanced high-performance detector
system. To get an optimal performance, a new MUC design with 3 layers of bakelite-RPC and 7 layers of scintillator detector is
proposed. This design makes a compromise between particle detection, background tolerance and cost. The Geant4 simulations
indicate that, under the background interference predicted for STCF, the muon detection efficiency can be higher than 95% @pion
fake rate=0.03 with momentum above 0.8 GeV/c, and the detection efficiency for the neutron that cannot be detected by ECAL
could be above 95% @fake rate=0.03. These results illustrate that this new MUC design can meet the demand of STCEF, achieving
a proper performance in the high luminosity electron-positron collider detector systems.
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Improved charged particle timing measurements with Timepix3 ASIC
Authors: Kazuyoshi Carvalho Akiba'; Kevin Heijhoffz; Martin Van Beuzekom?

! Nikhef
2 Nikhef National institute for subatomic physics (NL)
Corresponding Author: kazu.akiba@cern.ch

A possible solution to cope with the increased pile-up achieved at the HL-LHC and beyond is the 4D tracking, using time
measurements in addition to space. New sensor technologies are being explored to achieve the time resolution required for this
new approach.

In this presentation we show the most recent results obtained with devices under test studied with tracks reconstructed by the
LHCb VELO Timepix3 Telescope. The telescope has fine time stamping thanks to the combination of several Timepix3 planes
and scintillators, enabling resolution studies of the order of 100 ps. Our initial analysis points to best results around 590 ps
resolution, where a 450 ps contribution is expected from the Timepix3 1560 TDC bin size. The newest results obtained with the

particle beam at the SPS will be presented comparing a few different sensor prototypes including a typical planar geometry and
3D sensors.
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mPSD data monitoring at mCBM experiment
Author: Nikolay Karpushkin!

! Russian Academy of Sciences (RU)
Corresponding Author: nikolay.karpushkin@cern.ch

The CBM experiment at the FAIR accelerator complex is aimed at studying hot compressed baryonic matter. A mini CBM
(mCBM) facility was developed at the SIS18 accelerator at GSI, Darmstadt, Germany to test prototypes of detector subsystems
for the CBM experiment, front-end and readout electronics at high intensities of the heavy ion beam. The mCBM project includes
a prototype of the forward hadron calorimeter PSD, the so-called , Admini-PSD, At (mPSD). Within the preparation to the
mCBM experimental test runs, software modules for mPSD were developed. These software modules were introduced into the
general data readout system, and are responsible for reading and storing the information of the mPSD detector. The mPSD online
monitoring software module with quality control of the data will be discussed.
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ATLAS LAr Calorimeter Commissioning for LHC Run-3

Authors: Narei Lorenzo Martinez!; Etienne Marie Fortin?

! Centre National de la Recherche Scientifique (FR)
2 Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France
Corresponding Author: etienne.marie.fortin@cern.ch

Liquid argon (LAr) sampling calorimeters are employed by ATLAS for all electromagnetic calorimetry in the pseudo-rapidity
region I | < 3.2, and for hadronic and forward calorimetry in the region from IE» | = 1.5 to IED | = 4.9. After detector
consolidation during a long shutdown, Run-2 started in 2015 and about 150fb-1 of data at a center-of-mass energy of 13 TeV was
recorded. Phase-I detector upgrades began after the end of Run-2. New trigger readout electronics of the ATLAS Liquid-Argon
Calorimeter have been developed. Installation began at the start of the LHC shut down in 2019 and is expected to be completed
in 2021. A commissioning campaign is underway in order to realise the capabilities of the new, higher granularity and higher
precision level-1 trigger hardware in Run-3 data taking. This contribution will give an overview of the new trigger readout
commissioning, as well as the preparations for Run-3 detector operation.

Posters: Trigger and DAQ / 303

Development of new high speed data acquisition system prototype for SOI
pixel detector using 10 Gb Ethernet SiTCP

Authors: Ryutaro Nishimura'; Shunji Kishimoto?; Yasuo Arai®; Toshinobu Miyoshi2

! High Energy Accelerator Research Organization

2 KEK

3 High Energy Accelerator Research Organization (JP)
Corresponding Author: ryunishi @post.kek.jp

The SOI (Silicon-On-Insulator) pixel detector is the monolithic imaging device developed by the SOIPIX group led by KEK. This
detector is being tested for practical use such as X-ray imaging, but the readout FPGA (Field-Programmable Gate Array) board
SEABAS?2 (Soi EvAluation BoArd with Sitcp 2), which is mainly used for the readout of this detector is becoming obsolete.
This has led to problems such as insufficient readout speed, restrictions on the implementation of advanced processing due to the
insufficient circuit scale of the FPGA. Therefore, in order to improve the performance and usability, we are developing the new
readout board with newer generation FPGA and 10 GbE SiTCP (10 Gigabit ethernet network processor library logic circuit
running on FPGA). Prior to the development of new board, we constructed a prototype system using the FPGA evaluation board
KC705 to evaluate the 10 GbE SiTCP. We will report this prototype system’s evaluation.
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Machine Learning for Real-Time Processing of ATLLAS Liquid Argon Calorime-
ter Signals with FPGAs

Authors: Narei Lorenzo Martinez!; Nick Fritzsche?

! Centre National de la Recherche Scientifique (FR)
2 Technische Universitaet Dresden (DE)
Corresponding Author: nick.fritzsche @cern.ch

Within the Phase-II upgrade of the LHC, the readout electronics of the ATLAS LAr Calorimeters is prepared for high luminosity
operation expecting a pile-up of up to 200 simultaneous pp interactions. Moreover, the calorimeter signals of up to 25 subsequent
collisions are overlapping, which increases the difficulty of energy reconstruction. Real-time processing of digitized pulses
sampled at 40 MHz is thus performed using FPGAs.

To cope with the signal pile-up, new machine learning approaches are explored: convolutional and recurrent neural networks
outperform the optimal signal filter currently used, both in assignment of the reconstructed energy to the correct bunch crossing

and in energy resolution.

Very good agreement between neural network implementations in FPGA and software based calculations is observed. The FPGA
resource usage, the latency and the operation frequency are analysed. Latest performance results and experience with prototype
implementations will be reported.
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FELIX: commissioning the new detector interface for the ATLAS trigger and
DAQ system

Authors: Andrei Kazarov!; Hao Xu?

U NRC Kurchatov Institute PNPI (RU)
2 Brookhaven National Laboratory (US)

Corresponding Author: hao.xu@cern.ch

After the current LHC shutdown (2019-2022) the ATLAS experiment will operate in an increasingly harsh collision environment,
motivating a series of upgrades. In order to improve the capacity and flexibility of the detector readout system, the Front-End
Link eXchange (FELIX) system has been developed. FELIX acts as the interface between the data acquisition; detector control
and TTC (Timing, Trigger and Control) systems; and new or updated trigger and detector front-end electronics. The system
functions as a router between custom serial links from front end ASICs and FPGAs to data collection and processing components
via a commodity switched network. FELIX also forwards TTC signals to front-end electronics. FELIX uses commodity server
technology running a software routing platform in combination with FPGA-based PCle I/O cards. Installation of FELIX took
place in 2020. We will present the results of commissioning activities for the full system taking place throughout spring 2021.
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Design of a resilient, high-throughput, persistent storage system for the AT-
LAS Phase-1I DAQ system

Authors: Andrei Kazarov!; Adam Abed Abud?

U NRC Kurchatov Institute PNPI (RU)
2 University of Liverpool (GB)
Corresponding Author: adam.abed.abud @cern.ch

The ATLAS experiment will undergo a major upgrade to adapt to the HL-LHC. The Trigger and Data Acquisition system
(TDAQ) will record data at unprecedented rates: detectors will be read out at 1 MHz generating around 5 TB/s of data. Within
TDAQ the Dataflow system (DF) introduces a novel design: readout data are buffered on persistent storage while the event
filtering system selects 10 kHz of events for a total throughput of around 60 GB/s. New challenges arise for DF to design and
implement a distributed, reliable, persistent storage system supporting several TB/s of aggregated throughput while providing
tens of PB of capacity. In this paper after describing some of these challenges we present the ongoing R&D to address each of
them: data safety, indexing at high rates in a distributed system, and high-performance management of storage capacity. Finally
the performance achieved with a working prototype is shown.
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Upgrade of the ATLAS Level-1 Endcap Muon Trigger System for LHC Run-
3

Authors: Andrei Kazarov!; Yoshiaki Tsujikawa®

U NRC Kurchatov Institute PNPI (RU)
2 Kyoto University (JP)
Corresponding Author: yoshiaki.tsujikawa@cern.ch

LHC is expected to increase its instantaneous luminosity to 2x10"34 cm”™-2s"-1 in Run3. In order to cope with the high luminosity,
upgrade of the trigger system is ongoing. The level-1 Endcap Muon trigger system reconstructs muons with high transverse
momentum by combining data from Thin Gap Chambers (TGCs) and inner station detectors. In the upgrade, a new detector
called New Small Wheel (NSW) is being installed in the inner station region. Finer track information from NSW is used as a
part of the muon trigger logic to improve the trigger performance. A new trigger board, Sector Logic (SL), has been developed
to handle data from TGC and NSW. SL has a modern FPGA to make use of Multi-Gigabit transceiver technology, used to
receive data from NSW. Status of the commissioning of the ATLAS Level-1 Endcap Muon trigger system is presented, as well as
implementation of the trigger logic as a firmware and its performance.
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Upgrade of the ATLAS Level-0 Endcap Muon Trigger for HL-LHC

Authors: Andrei Kazarov'; Ren Kobayashi*

U NRC Kurchatov Institute PNPI (RU)
2 Kyoto University (JP)
Corresponding Author: ren.kobayashi @cern.ch

Status of the development of the Level-0 endcap muon trigger system for the ATLAS experiment at the HL-LHC is presented. The
upgraded system reconstructs muon candidates with an improved pT resolution by combining data from various sub-detectors.
This is realized by exploiting evolution of data transmission technologies, to send all hit data from Thin Gap Chambers (TGCs)
and other sub-detectors to the counting room.

Performance of this new trigger system is also shown. Trigger efficiency is estimated with a software based algorithm and using
simulation, to be higher than 90% for the threshold of pT>20 GeV in the endcap region. Trigger rate is also estimated with a
software algorithm and using pp collision data, overlaid to simulate the high pileup condition at the HL-LHC. to be lower than
25 kHz for the threshold of pT>20 GeV.

Implementations of the new trigger algorithms with firmware for an FPGA, along with development of a new trigger prototype
board are also shown.
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Performance and Integration results of a high resolution Time to Digital Con-
verter designed for INO ICAL Experiment

Author: Yuvaraj Elangovan'

Co-authors: Chithra . 2; Gobinda Majumder ?; Mandar Saraf '; Nagendra Krishnapura 2; R.R. Shinde #; S.S Upadhya #; Satyanarayana Bheesette
! Tata Institute of Fundamental Research
2 Indian Institute of Technology Madras
3 Tata Inst. of Fundamental Research (IN)
4 Tata Institute of Fundamental Research, INDIA
Corresponding Author: sevai.yuva@gmail.com

INO ICAL Experiment emphasis on studying various properties of Atmospheric Neutrinos. A 50 kton Iron Calorimeter and
Resistive plate Chamber (RPC) in stacked geometry will be used to track neutrinos. Position and directional information are
to be used to identify particle energies. RPC detector signal of rise time less than 1ns is amplified-discriminated and given to
Digital Front End (RPC-DAQ). To time these fast pulses we designed a low power, compact multi-channel delay-chain-based
time-to-digital converter (TDC) in a 0.13—um ASIC which will be integrated in the RPC-DAQ module. This TDC is capable of
handling multiple hits per channel with a single-shot precision better than 65.34ps. A 4 line or 11 line serial peripheral interface
(SPI) is used for readout and configuration. This paper presents the performance and integration results of this TDC.
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Firmware development for trigger-less mPSD readout at mCBM experiment
at GSI

Author: Dmitry Finogeev'

U Russian Academy of Sciences (RU)
Corresponding Author: dmitry.finogeev@cern.ch

The Compressed Baryonic Matter (CBM) experiment at FAIR needs a detector to measure the nucleus-nucleus collision centrality
and orientation of the reaction plane. This will be obtained with the Projectile Spectator Detector (PSD), which is a sampling
lead/scintillator forward hadron calorimeter.

The PSD readout system is based on ADC FPGA board (14-bit resolution and 125MHz digitization) which was originally
designed for ECAL@PANDA. In order to integrate the PSD ADC board to the common CBM DAQ, a FPGA-GBT component
was included into the FPGA design with a clock switching procedure to run the ADC board with the recovered GBT receive
clock in order to synchronize the hardware to the common CBM DAQ time.

The development of components for digitizing waveforms reaching 1MHz readout rate per channel tested in mCBM test runs and
the trigger-less readout will be discussed as well as the inclusion of the readout into the next-generation mCBM readout scheme.

Posters: Trigger and DAQ / 404

The Event Timing Finder for the Central Drift Chamber Level-1 Trigger at
the Belle II experiment
Authors: Yuki Sue!; Bae HanwookNo"®; Toru Iijima'; Yoshihito Iwasaki?; Taichiro Kogazg Yun-Tsung Lai3; Hideyuki Nakazawa*; Kai Lukas
Unger’

! Nagoya University

2 High energy accelerator organization

3 IPMU

4 National Taiwan University

5 Karlsruhe Institute of Technology (KIT)
Corresponding Author: ysue @hepl.phys.nagoya-u.ac.jp

The Level-1 trigger system of the Belle II experiment is designed to select physics events of interest with almost 100% efficiency.
In terms of event timing decision, the level-1 trigger is required to have an accuracy of less than 10 ns. The Central Drift Chamber
(CDC) level-1 trigger provides the event timing information as one of the level-1 timing sources. We developed the new algorithm
to measure the event timing with an accuracy of about 10 ns based on the CDC hit timing. Two-dimensional charged track
reconstruction by Hough transformation was utilized to reduce high background hits. We used a new-developed general-purpose
FPGA board (Universal Trigger board 4) for this module for the first time. We will report the performance of the new algorithm
using e+e- collision data collected in 2020.
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The ATLAS Level-1 Topological Processor: experience and upgrade plans
Authors: Andrei Kazarovl; Anil Sonay2

! NRC Kurchatov Institute PNPI (RU)
2 The Barcelona Institute of Science and Technology (BIST) (ES)

Corresponding Author: anil.sonay @cern.ch

During Run-2 the Large Hadron Collider has provided, at the World’s energy frontier, proton-proton collisions to the ATLAS
experiment with instantaneous luminosity of up to 2.1x10"34 cm-2s-1, placing stringent operational requirements on the ATLAS
trigger system in order to reduce the 40MHz collision rate to a manageable event storage rate of 1kHz.

The ATLAS Level-1 trigger is the first rate-reducing step. Since 2017, an important role has been played by the Level 1
Topological Processor (L1Topo). Up to 128 topological algorithms can be implemented to select interesting events by applying
kinematic and angular requirements on electromagnetic clusters, hadronic jets, muons and total energy. This resulted in a
significantly improved background event rejection and acceptance of physics signal events.

We give an overview of the L1Topo architecture and performance results during Run-2 alongside with upgrade plans for the
L1Topo system to be installed for the future data taking in 2022.
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The Particle Flow Algorithm in the Phase II Upgrade of the CMS Level-1

Trigger.

Author: Sang Eon Park!
Co-author: CMS Collaboration

! Massachusetts Inst. of Technology (US)

Corresponding Author: sang.eon.park@cern.ch

The Phase II upgrade of the CMS detector for the High Luminosity upgrade of the LHC (HL-LHC) includes the introduction of
tracking at the Level-1 (L1) trigger, thus offering the possibility of developing a simplified Particle Flow (PF) algorithm. We
present the logic of the algorithm, along with its inputs and its firmware implementation. We show that this implementation is
capable of operating under the limited timing and processing resources available at the trigger level. The expected performance
and physics implications of such an algorithm are shown using Monte Carlo samples with h(Engh pile-up, simulating the harsh
conditions of the HL-LHC. Additionally, advanced pile-up techniques are needed to preserve the physics performance in the
HL-LHC environment. We present a method that combines all information to perform Pile-Up Per Particle Identification (PUPPI)
capable of running at trigger level. Demonstration of the algorithm on dedicated hardware (ATCA platform) is presented.

Page 103



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Trigger and DAQ / 437

Level 1 muon triggers algorithms for the CMS upgrade at the HL-LHC

Author: Carlos Francisco Erice Cid!
Co-author: CMS Collaboration

U Universidad de Oviedo (ES)
Corresponding Author: carlos.francisco.erice.cid @cern.ch

In view of the HL-LHC, the Phase-2 CMS upgrade will replace the trigger and data acquisition system. The detector readout
electronics will be upgraded to allow a maximum L1 rate of 750 kHz and 12.5 —us latency. The upgraded system will be entirely
running on FPGAs and should greatly extend the capabilities of the current system to maintain trigger thresholds despite the harsh
environment. The function of the muon trigger is to identify muon tracks and measure their momenta and other parameters for
use in the global trigger menu. In addition to the muon detector upgrades that include improved electronics and new sub-detectors,
the presence of a L1 track finder in CMS will bring some of the offline reconstruction capability to the L1 trigger, delivering
unprecedented reconstruction and identification performance. We review the current status of the algorithm developments for a
highly efficient L1 muon trigger and the measured performance on emulators and firmware demonstrators.
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CMS Hadron Calorimeter Pulse Filter for Pileup Mitigation at the Level-1
Trigger

Author: Joshua Hiltbrand!
Co-author: CMS Collaboration

U University of Minnesota (US)
Corresponding Author: hiltbran@umn.edu

We explore the possibility of mitigating the effects of out-of-time pileup by developing an alternative scheme for signal amplitude
reconstruction that is done online for the CMS Hadron Calorimeter (HCAL). This new scheme makes use of information from
bunch crossings preceding the one that would generate an accept decision for the Level-1 Trigger (L1T). The scheme employs
basic pulse shape filtering techniques that are optimized specifically to minimize the effects of out-of-time pileup at the Level-1
trigger. We find that the overall L1T performance gets improved in terms of energy scale and resolution for L1 Trigger quantities
and the new scheme will be used during Run3 operation of the L
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Application and further improvement of the RD51 general Scalable Readout
System with the VMM chip

Authors: Michael Lupberger'; Karl Fl/ Bthner?; Christian Honisch!; Michael Hosgen'; Finn Jaekel®; Jochen Kaminski'; Bernhard Ketzer!; Hans
Muller*; Divya Pal®; Lucian Scharenberg?; Patrick SchwaebigN°"®; Emorfili Terzimpasoglou®

U University of Bonn (DE)

2 HISKP-Uni-Bonn

3 University of Bonn

* CERN

5 CERN, University of Bonn (DE)

8 Uni-Bonn HISKP

Corresponding Author: michael.lupberger@cern.ch

Within the last years, RD51 collaboration, Ads general readout system, the Scalable Readout System (SRS), has been updated by
integrating a recent front-end ASIC: The VMM, originally designed for the ATLAS New Small Wheel. Applying the SRS design
strategy, a new front-end board and adapter card, as well as FPGA firmware and software was developed, while keeping general

SRS hardware. With completion of the first production, the development phase was terminated. The users list contains a rich

spectrum of future projects employing mainly gaseous detectors.

The presentation throws a glance on past developments. Our contributions as one of the RD51 teams are highlighted, e.g. readout
rate improvements in firmware, noise evaluation and automated quality testing. An overview of applications of the system,
focussing on our own, the upgrade of GEM detectors for the future COMPASS++/AMBER experiment and technology transfer
from particle physics to neutron science, is given.

Funding information: .
This project has received funding from the European Union, A6s Horizon 2020 research and innovation programme under the Marie
Sklodowska-Curie grant agreement No 846674 as well as from the BMBF (Germany)
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ATLAS toward the High Luminosity era: challenges on electronic systems
Authors: Marco Lisboa Leite!; The ATLAS CollaborationN°"¢; Julia Lynne Gonski?

U Universidade de Sao Paulo (BR)
2 Columbia University (US)
Corresponding Author: julia.gonski@cern.ch

To maximize the physics reach, the LHC plans to increase its instantaneous luminosity to 7.5 x 10** cm™2 s™?, delivering
from 3 to 4 ab™ ! of data at /s =14 TeV. In order to cope with this operation condition, the ATLAS detector will require new
sets of both front-end and back-end electronics. A new trigger and DAQ system will also be implemented with a single-level
hardware trigger featuring a maximum rate of 1 MHz and 10 (E°s latency. Enhanced software algorithms will further process
and select events, storing them at a rate of 10 kHz for offline analysis. The large number of detector channels, huge volumes
of input and output data, short time available to process and transmit data, harsh radiation environment and the need of low
power consumption all impose great challenges on the design and operation of electronic systems. This talk will focus on these
challenges, the proposed solutions and the latest results obtained from the prototypes.
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System-level performance study and commissioning of TGC frontend elec-
tronics for Phase-2 upgrade of LHC-ATLAS

Author: Aoto Tanaka!
Co-author: Muon Coll. ATLAS *

U University of Tokyo (JP)
2 ATLAS
Corresponding Author: aoto.tanaka@cern.ch

The Thin Gap Chambers (TGCs) of the LHC-ATLAS are responsible for triggering muons in the endcap region at the hardware
trigger stage. The frontend system of TGC will be upgraded for HL-LHC to send binary hit-map at every bunch crossing
(BC) to the backend system. Such an operation requires lots of unique challenges: high-performance hit BC Identification,
fine-tuned clock distribution, robustness for SEU, and the capability of timing calibration. Accommodating these requirements,
the primary processor board (PS-Board) is in charge of data processing and reception of control signals distributed by the
backend. An independent control module (JATHub) will take responsibility for FPGA configuration and clock phase monitoring
of the PS-Boards with an SoC-based design. Prototyping and initial system-level demonstration with the prototypes have
been successfully performed. Exploiting the experience, we are developing the final design and the in-depth strategy for the
commissioning.
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The upgraded electronics of the Pierre Auger surface detector

Author: Fabio Convenga!

U INFN, Pierre Auger Collaboration
Corresponding Author: fabiocon@le.infn.it

The Pierre Auger Observatory’s array of surface detectors is being upgraded by adding new detectors and replacing electronics.
The upgrade project, called “AugerPrime,” includes the addition of a small PMT to increase the dynamic range for particle
counting, a plastic scintillator above each WCD to improve the discrimination between the electromagnetic and muonic shower
components, a radio detector to measure radio emission from inclined air showers and a set of underground muon counters to
provide additional information on muon content in atmospheric showers.

The new electronics, dubbed Upgraded unified Board or UUB, is designed to acquire all of these additional detectors and includes
improved GPS receivers, higher sampling rates, increased dynamic range, greater processing capacity, and improved calibration
and monitoring systems. In this talk I will present the UUB design and discuss its performance as observed in the first data from
the upgraded array.
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Electronics Performance of the ATLAS New Small Wheel Micromegas wedges
at CERN

Author: Maria Perganti'
Co-author: Muon Coll. ATLAS

! National Technical Univ. of Athens (GR)
Corresponding Author: maria.perganti @cern.ch

The present ATLAS small wheel muon detector is being replaced with a New Small Wheel (NSW) detector. One crucial part is
the installation, testing and validation of the on-detector electronics & readout chain for a very large system with a more than 2.1
M electronic channels. These include "4K MM Front-End Boards (MMFES), custom printed circuit boards each one housing
eight 64-channel VMM Application Specific Integrated Circuits (ASICs) that interface with ATLAS TDAQ system through 1K
data-driver Cards (ADDC & L1DDC, respectively). The readout chain is based on optical link technology (GigaBit Transceiver
links) connecting the backend to the front-end electronics via the Front-End LInk eXchange (FELIX), a newly developed system
that will serve as the next generation read out driver for ATLAS. Experience and performance results from the first large-scale
electronics integration tests performed at CERN on final MM wedges, including system validation with cosmic-rays, will be
presented.
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A muon tracking algorithm for the Level 1 trigger in the CMS barrel muon
chambers during HL.-LHC

Authors: Jaime Leon Holgadol; Jose Manuel Cela Ruiz!

! Centro de Investigaciones Energ/©ti cas Medioambientales y Tecno
Corresponding Author: josemanuel.cela@cern.ch

This contribution presents results on the Analytical Method (AM) algorithm for trigger primitive (TP) generation in the CMS
Drift Tube (DT) chambers during the High Luminosity LHC operation (HL-LHC or LHC Phase 2). The algorithm has been
developed and validated both in software with an emulation approach, and through hardware implementation tests. The obtained
performance on Phase 2 simulated data shows timing and position resolutions close to the ultimate performance of the DT
chambers, with resilience to potential ageing situations. The firmware version has been implemented in the so-called AB7
(TwinMux), spare uTCA boards from the present DT system which host Xilinx Virtex 7 FPGAs, and included in a prototype
chain of the HL-LHC electronics operated with real DT chambers during cosmic data taking. Agreement between the software
emulation and the firmware implementation has been verified using different data samples, including a sample of real muons
collected during 2016 data taking.

Page 107



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Trigger and DAQ / 505

Development of FPGA based 128-Channel TDC for Time Projection Cham-
bers

Author: Jim John!
Co-authors: Yuvaraj Elangovan 2; S.S Upadhya 3; Mandar Saraf 2; Satyanarayana Bheesette ; Gobinda Majumder #; Chithra . 3

U Tata Institute of Fundamental Research, INDIA & Homi Bhabha National Institute, INDIA
2 Tata Institute of Fundamental Research

3 Tata Institute of Fundamental Research, INDIA

4 Tata Inst. of Fundamental Research (IN)

5 Indian Institute of Technology Madras

Time Projection Chamber (TPC) is a gaseous detector used for tracking charged particles. These detectors comprise of sensitive
gas volumes applied with high electric field between the endplates. When a charged particle traverses the TPC volume, it ionizes
the gas atoms along its trajectory. The free electrons produced move towards anode with a speed depending on the gas mixture
and the applied field. Arrival times and hit channel information are used to track the particle. In order to measure accurately, the
arrival times of these slow-moving electrons at the anode, an FPGA-based Start-Stop type TDC is designed. The TDC Starts
on Trigger and Stops on the arrival of electrons at each anode channel. Dynamic range of 160us and least count of 2.5 ns are
obtained, which cover the entire particle trajectory. Also, another useful feature of this TDC is its multi-hit capability up to 4 hits.
Design features and preliminary test results of the TDC will be presented.
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The HL-LHC Upgrade of the ATLAS Tile Hadronic Calorimeter

Authors: ATLAS Collaboration!; Samuel Silverstein?

U ATLAS Collaboration, CERN
2 Stockholm University (SE)
Corresponding Author: silver @fysik.su.se

The High-Luminosity phase of LHC, delivering five times the LHC nominal instantaneous luminosity, is scheduled to begin
in late 2027. The ATLAS Tile Hadronic Calorimeter (TileCal) will need new electronics to meet the requirements of a 1 MHz
trigger, higher radiation dose, and to ensure sound performance under high pile-up conditions. Both the on- and off-detector
TileCal electronics will be replaced during the shutdown of 2025-2027. PMT signals from every TileCal cell will be digitized
and sent directly to the back-end electronics, where the signals are reconstructed, stored, and sent to the first level of trigger at
a rate of 40 MHz. This will provide better precision of the calorimeter signals used by the trigger system and will allow the
development of more complex trigger algorithms. The TileCal upgrade program has undergone extensive R&D and beam tests.
A miniature “demonstrator” module has been tested in actual detector conditions. We will present the results of these studies.
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A new data transfer scheme for HL-LHC upgrade of the ATLAS Tile Hadronic
Calorimeter

Authors: ATLAS Collaboration!; Antonio Cervello Duato?

U ATLAS Collaboration, CERN
2 Univ. of Valencia and CSIC (ES)
Corresponding Author: antonio.cervello@cern.ch

The upcoming High-Luminosity LHC (HL-LHC) upgrade of the ATLAS Tile Hadronic Calorimeter (TileCal) includes a complete
replacement of all on- and off-detector electronics with a new read-out architecture. Detector signal digitized by the on-detector
electronics will be transferred to Pre-processors (PPr) located off-detector that will interface with the ATLAS trigger and
data acquisition systems. The ATLAS common hardware platform FELIX is designed to act as a data router. A software data
handler Read-Out Driver (SWROD) will perform detector-specific data-processing, which includes configuration, calibration,
control, and monitoring, without buffering the data. We will present the ATLAS TileCal read-out strategy for the HL-LHC, a
detailed description of the PPr interface with FELIX, results of tests performed with the PPr and FELIX prototypes, and in a
“demonstrator” module already installed in the ATLAS cavern.
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The DAQ and control system for Jadepix3

Author: Sheng Dong!
Co-authors: Yunpeng Lu 2; Hulin Wang 3

! Central China Normal University
2 Chinese Academy of Sciences (CN)
3 University of Alberta (CA)
Corresponding Author: s.dong@mails.ccnu.edu.cn

The silicon pixel detector is the core component of the vertex detector in the CEPC experiment. The Jadepix3 is one of the chips
designed to study the performance and design of pixel sensor chips. The chip is a design of the full-function large-size chip
based on CMOS technology. To test all the functions and the performance of this chip, we designed a test system based on the
IPbus framework and the EPICS framework. The data acquisition system is developed by using the IPbus framework. The data
of the chip will be read out into an FPGA first and then transferred to PC via a 1 Gigabit ethernet. Besides the devices on the test
PCB, some important parameters of the readout system are also controlled and monitored by using the EPICS framework. The
robustness, scalability, and portability of this system have been verified in the laboratory tests.
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The Monitoring of Pixel System (MOPS) chip for the Detector Control System
of the ATLAS ITk Pixel Detector

Author: Rizwan Ahmad!
Co-authors: Michael Karagounis 2; Christian Zeitnitz '; Ahmed Qamesh !; Susanne Kersten !; Julia Besproswanny 3; Alexander Walsemann 4;
Peter Kind !; Aaron Beer 4; Tobias Froese *; Philipp Led+/°c 4

! Bergische Universitaet Wuppertal (DE)
2 and Arts (DE)
3 University of Wuppertal
4 Fachhochschule Dortmund
Corresponding Author: rizwan.ahmad @cern.ch

The ATLAS experiment will get a new inner tracker (ITk) during the phase II upgrade. The innermost part is called the Pixel
Detector. A new Detector Control System (DCS) is being developed to provide control and monitoring of the ITk pixel detector.
The Monitoring of Pixel System (MOPS) chip is an Application Specific Integrated Circuit (ASIC) foreseen in the DCS to
independently monitor the voltage and the temperature across the modules which constitute the front end electronics responsible
for tracking and data readout. The modules which need to be monitored are powered serially in a chain. The MOPS chip
has a 12-bit ADC which can read up to 34 channels. Controller Area Network (CAN) and CANopen protocols are used for
communication.

The final chip is required to be radiation hard up to an ionizing dose of 500 Mrad. In this talk, the functionality of the chip will
be discussed, and also results from the first version of the chip will be presented.

Posters: Trigger and DAQ / 561

The Opto-electrical conversion system for the data transmission chain of the
ATLAS ITk Pixel detector upgrade for the HL-LHC

Authors: Jens Weingarten'; Francisca Munoz Sanchez?; Laura Franconi’

! Technische Universitaet Dortmund (DE)
2 University of Manchester (GB)
3 Universitaet Bern (CH)
Corresponding Author: laura.franconi @cern.ch

The future High Luminosity era of the Large Hadron Collider, with its unprecedented instantaneous luminosity, will impose
new challenges on the LHC experiments. ATLAS will replace its inner detector with a new all-silicon Inner Tracker (ITk),
whose innermost layers will be based on pixel technology and are expected to produce a data output of about 11 Tb/s. A
high-speed transmission chain with many parallel lines running at 1.28 Gb/s will transmit data from the detector to an opto-
electrical conversion system. This Optosystem features custom-designed radiation-hard electronics devoted to signal equalisation,
aggregation (to 10.24 Gb/s) and optical-electrical conversion.

In this talk, the ITk Pixel data transmission chain will be discussed, emphasising how the Optosystem fulfils the stringent design
requirements and describing the ongoing and future tests to qualify the system.

Page 110



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Posters: Trigger and DAQ / 567

Development of the Level-1 trigger system in Bellell experiment

Authors: Taichiro KogaN°r; Bellell Level-1 trigger groupNom
Corresponding Author: taichiro@post.kek.jp

The Level-1 trigger system for the Bellell experiment is designed to select various physics targets under high background
environment at the SuperKEKB, energy-asymmetric electron-positron collider. We have developed the FPGA based system
to provide the trigger within 4.5(E°s with the central drift chamber, electromagnetic calorimeter, time-of-propagation detector,
muon detectors and their coincidence. The system has been operated for the physics data taking since 2018 and continuously

updated to improve the signal efficiency and background rejection. We present the latest status of the level-1 trigger system and
its performance during the physics operation.
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Monitoring System of the ATLAS ITk Laboratory

Authors: Martin Sykoral ; Peter Kodys1 : Zdenek Dolezal!; Jiri Kroll?

! Charles University (CZ)
2 Czech Academy of Sciences (CZ)
Corresponding Author: martin.sykora@cern.ch

The ATLAS ITk Upgrade project, culminating in the installation into the experiment in 2026, enters this year its production
period. Cooperating laboratories dealing with the strip part of the project needs to meet various conditions in clean rooms and
testing environments to ensure safety for production components during assembly and measurement procedures. Prague strip ITk
laboratory prepared for modules’ production is presented as a model case. For this purpose, dedicated DAQ software called
ITSDAQ is used together with the slow control monitoring system based on RS232/GPIB standards, MySQL database entry and
Grafana visualization platform. Data are stored in the local database storage, a subset of them and the test results are also sent
into the ITk Production Database. Such an integrated tool offers real-time plotting of crucial parameters and the possibility of
receiving an immediate notification in case of exceeding any threshold.
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CALICE SiW ECAL Development and performance of a highly compact dig-
ital readout system
Authors: Roman Poeschl!; CALICE Collaboration™N"¢; Jihane Maalmi!

U Universit Paris-Saclay (FR)
Corresponding Author: jmaalmi@lal.in2p3.fr

A highly granular silicon-tungsten electromagnetic calorimeter (SiW-ECAL) is the reference design for the ECAL of the ILD
concept, one concept for detectors at the future International Linear Collider. Prototypes for a SiW ECAL are developed within
the CALICE Collaboration.

A highly compact digital readout card (SL-Board), is now available. The SL-Board combines data acquisition, power regulation
and signal buffering for up to 10000 readout channels on a surface as small as 18/64cm™2. The system complies with space
constraints in modern particle physics detectors such as ILD. The SL-Board can be read out by a regular USB interface or via a
dedicated module (CORE Module). The CORE Module also delivers clock and fast commands and synchronises the SL-Boards.
It acts as a data concentrator receiving input from up to 15 layers. The entire system is designed for a data throughput of up to 80
MBit/s.

In the next beam test in May 2021, we will read out up to 22 layers with the new system.

Posters: Trigger and DAQ / 619

CMS RPC Link System upgrade

Author: Behzad Boghrati'
Co-author: CMS Collaboration

! Institute for Research in Fundamental Sciences (IR)
Corresponding Author: behzad.boghrati @cern.ch

The LHC will be upgraded in several phases that will allow significant expansion of its physics program. The luminosity of the
accelerator is expected to exceed 51/61034cm,ai2s,a{1. In order to sustain the harsher conditions and to help maintain good
trigger efficiency and performance the Resistive Plate Chambers (RPC) system of the CMS experiment, its Link System will be
upgraded. The present RPC Link System has been servicing as one of the CMS subsystems since installation in 2008. The use of
new generation of electronics components, specially new FPGAs, will improve the timing resolutions of the RPC system to 1.5
ns. Also, the communication rate with the readout electronics will be increased to 10.24 Gbps. Those will allow the RPC to cope
with requirements to operate in the HL-LHC conditions. A more robust control interface will be implemented, as well as a new
online software. Possible performance improvements of the CMS L1 muon trigger system will also be presented.
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PMT Base with Integrated Waveform Capture for IceCube-Gen2

Authors: CHRISTOPHER WENDT!; Ray Wendt?
Co-author: IceCube Collaboration

! University of Wisconsin-Madison
2 University of Wisconsin - Madison
Corresponding Author: chwendt@icecube.wisc.edu

A PMT base with integrated waveform recording has been designed for next-generation multi-PMT modules in the IceCube
Neutrino Observatory at the South Pole. The base has a single ribbon cable connection for low voltage power supply, timing
synchronization and communication signals. A Cockcroft-Walton multiplier provides high voltage for a 10-stage PMT, following
the design of current IceCube multi-PMT modules. The new design includes a 2-channel ADC, FPGA and ARM microcontroller,
together providing full readout of PMT waveforms with extended dynamic range. The FPGA captures ADC data and a high-
resolution discriminator-based time stamp for each hit. The microcontroller performs basic data processing and buffering, and
also operates and regulates high voltage generation. The design uses off-the-shelf components chosen for low power consumption
and cost. It will be included in new version multi-PMT prototype modules that will be installed in the near-term IceCube Upgrade
project.
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ECAL trigger performance in Run 2 and improvements for Run 3

Author: Abraham Tishelman Charny'
Co-author: CMS Collaboration

! Northeastern University (US)
Corresponding Author: abraham.tishelman.charny @cern.ch

The CMS electromagnetic calorimeter (ECAL) is a high resolution crystal calorimeter operating at the CERN LHC. It is read out
at 40 MHz (the proton-proton collision rate) in order to provide information to the hardware-level (Level-1) trigger system, which
decides whether the full CMS detector must be read out for each collision. The ECAL trigger performance achieved during LHC
Run 2 (2015-2018) will be presented. The increased luminosity with respect to the LHC Run 1 has required frequent calibrations
during LHC operation to account for radiation-induced changes in crystal and photodetector response. Further improvements in
the energy and time reconstruction of the CMS ECAL trigger primitives are being explored for LHC Run 3 (2021-23), using
additional features implemented in the on-detector readout. In this presentation, we will review the ECAL trigger performance
during LHC Run 2 and present improvements to the ECAL trigger system for LHC Run 3.

Readout: Front-end electronics / 325

Analog performance of ITkPix-V1 pixel readout chip

Author: Hongtao Yang!

! Lawrence Berkeley National Lab. (US)
Corresponding Author: hongtao.yang@cern.ch

The ITkPix-V1 readout front-end (FE) chip, based on 65 nm CMOS technology, is designed by the RD53 collaboration as the
pre-production chip for the upgraded ATLAS Inner Tracker Pixel detector operating with extreme rates and radiation at the
High-Luminosity LHC. The ITkPix-V1 chip uses a novel differential analog FE design featuring low noise and small time-walk.
ITkPix-V1 was submitted in March 2020. In this talk, we will summarize the most recent measurements on the analog FE of this
chip.
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Development of Low Temperature Analog Readout (LTARS 2018) for LAr-
TPC

Author: Takuto Kosaka'
Co-authors: Shinnya Narita 1. Kentaro Negishi 1. Shota Sumomozawa !; Ken Sakashita 2; Tetsuichi Kishishita 2; Manobu M. Tanaka 2; Takuya
Hasegawa 2, Masayoshi Shoji 2. Kentaro Miuchi 3; Takuma Narita 3

' hwate University
2 KEK, Open-it
3 Kobe University
Corresponding Author: g0320050 @iwate-u.ac.jp

We currently developed a new front-end electronics for a liquid argon time projection chamber (LAr-TPC) detector, which has
been developed for neutrino oscillation and nuclear decay search experiments.

We developed the electronics (LTARS 2018) to have a wide dynamic range for input charge up to 1600 fC and a function to
output a signal with an appropriate time constant for signals having various peaking times. These unique properties may make
the LTARS 2018 multi-purpose, for example, not only for LAr-TPC but also a negative-ion gas TPC for dark matter search.

In this paper we will report the evaluation test on the noise and charge signal conversion performance of LTARS2018 at room
temperature and cryogenic temperatures and the results of cosmic ray measurement tests using the LTARS2018. In addition,
we will discuss the design concept and characteristics of a new electronics(LTARS2020) that has been modified to improve
performance in cryogenic environments.
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Cold Readout Electronics for Liquid Argon TPCs in the DUNE experiment

Author: Shanshan Gao!

! Brookhaven National Laboratory (US)
Corresponding Author: sgao@bnl.gov

As the leading-edge international experiment for neutrino science and proton decay studies, Deep Underground Neutrino
Experiment (DUNE) is based on the LArTPC technology. The first 10-kton DUNE far detector module will employ wired-based
anode planes with cold readout electronics (CE) installed inside the cryostat. The CE developed for cryogenic temperatures
(77K-89K) operation is an optimal solution that achieves excellent noise performance and decouples the electrode and cryostat
design from the readout design. This presentation will review the experience of ProtoDUNE single-phase detector located at the
CERN neutrino platform and give an overview of the progress of the CE development activities, including recent results from
system integration activities involving the characterization of new versions of the cryogenic ASICs and front-end motherboards
mounted on small scale anode planes immersed in cryogenic liquids.
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Readout: Front-end electronics / 313

RDS53 pixel chips for the ATLAS and CMS Phase-2 upgrades at HL-LHC

Author: Flavio Loddo'

U Universita e INFN, Bari (IT)
Corresponding Author: flavio.loddo@cern.ch

The Phase-2 upgrades of ATLAS and CMS will require a new tracker with readout electronics operating in extremely harsh
radiation environment and high data rate readout.

The RD53 collaboration, a joint effort between the ATLAS and CMS experiments, developed in 2017 a large size demonstrator,
called RD53A, to qualify the chosen 65nm CMOS technology and compare different analog front-ends and digital architectures
for the development of the final production ASICs.

The final chips for the two experiments are being designed based on these results, having as a reference a common virtual
baseline chip, called RD53B, which is adapted to the needs of each experiment. The RD53B-ATLAS version was submitted in
March 2020 and it has been extensively tested, providing valuable results for the implementation of the RD53B-CMS version,
which is planned to be submitted in March 2021.

A general overview of the chip architecture will be presented, as well as the first preliminary test results.

Readout: Front-end electronics / 284

Development of the ATLAS Liquid Argon Calorimeter Readout Electronics
for the HL-LHC

Authors: Narei Lorenzo Martinez!; Devanshu Kiran Panchal?

! Centre National de la Recherche Scientifique (FR)
2 University of Texas at Austin (US)
Corresponding Author: devanshu kiran.panchal@cern.ch

To meet new TDAQ buffering requirements and withstand the high expected radiation doses at the high-luminosity LHC, the
ATLAS Liquid Argon Calorimeter readout electronics will be upgraded. Developments of low-power preamplifiers and shapers
to meet low noise and excellent linearity requirements are ongoing in 130nm CMOS technology. In order to digitize the analogue
signals on two gains after shaping, a radiation-hard, low-power 40 MHz 14-bit ADCs is developed in 65 nm CMOS. The signals
will be sent at 40 MHz to the off-detector electronics, where FPGAs connected through high-speed links will perform energy and
time reconstruction through the application of corrections and digital filtering. The data-processing, control and timing functions
will be realized by dedicated boards connected through ATCA crates. Results of tests of prototypes of front-end components will
be presented, along with design studies on the performance of the off-detector readout system.
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Readout: Front-end electronics / 305

Pixel detector hybridization and integration with Anisotropic Conductive Films

Author: Mateus Vicente Barreto Pinto!
Co-author: Dominik Dannheim !

! CERN
Corresponding Author: m.vicente @cern.ch

An alternative pixel-detector hybridization technology based on Anisotropic Conductive Films (ACF) is under development to
replace the conventional fine-pitch flip-chip bump bonding. The new process takes advantage of the recent progress in industrial
applications of ACF and is suitable for time- and cost-effective in-house processing of single devices. This new bonding technique
developed can also be used for the integration of hybrid or monolithic detectors in modules, replacing wire bonding or solder
bumping techniques. This contribution introduces the new ACF hybridization and integration technique, and shows the first test
results from Timepix3 hybrid pixel assemblies and from the integration of ALPIDE monolithic pixel sensors to flex circuits.

Readout: Front-end electronics / 281

Performance of the "IRSX'" multi-GSa/s, Switched Capacitor Array Wave-
form Sampling Frontend ASIC

Authors: Oskar Hartbrich!; Gary Varner?; Kurtis Nishimura'; Matt AndrewN°"®; Luca Macchiarulo®

U University of Hawaii at Manoa
2 University of Hawaii
3 Nalu scientific LLC
Corresponding Author: oskar.hartbrich@desy.de

The “Ice Ray Sampler X (IRSX) is a low-power 8-channel waveform sampling frontend ASIC designed for HEP applications,
fabricated by TSMC in a 250nm CMOS process. Each input channel samples into a switched capacitor array (SCA) of 32,768
samples depth at an adjustable rate of 2-4GSa/s, for an effective sample buffer depth of 8-16(E®s. Stored samples can be digitised
with 12bit resolution using the integrated Wilkinson ADC, without incurring any dead time on the sampling. The sample storage
array is designed for random access for both sampling and digitisation, allowing for flexible acquisition schemes depending on
the application.

The IRSX ASIC is currently being used in the 8192 channel front end electronics of the Belle II TOP detector. This talk will

present performance figures and characterisation measurements of the IRSX ASIC obtained from test bench campaigns and
during the operation in the installed TOP system.
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Readout: Front-end electronics / 331

Low Background Readout Electronics for Large Area Silicon Photomultip-
iers
Authors: Andrea Fabbri!; Paolo Montini'; Stefano Maria Mari'; Fabrizio Petrucci?; Simone Sanﬁlippo3

VINFN - National Institute for Nuclear Physics
2 INFN - Sezione Roma I
3 INFN ROMA Tre

Corresponding Author: andrea.fabbri @roma3.infn.it

In this work we present a low noise high speed readout electronics for large area Silicon Photomultipiers (SiPMs) to be used
in a cryogenic environment. The board is able to manage the signals coming from a ~ 25 cm? SiPM tile, showing <10% SPE
resolution and wide dynamic. The sub-nanosecond timing properties make them suitable to work with the typical mixtures of
Liquid Scintillators currently being used in particle and astroparticle physics experiments. The boards have been tested with
several types of SiPMs from room temperature down to -70 C showing excellent single photo-electron resolution in all the
enviroment. The board, Ads PCBs have been developed with ultra low background material in order to be used in rare event
searches.

Readout: Front-end electronics / 699

Development of a timing chip prototype in 110 nm CMOS technology

Author: Matias Senger!
Co-authors: Beat Meier 2; Ben Kilminster !; Stephan Wiederkehr 1

U Universitaet Zuerich (CH)
2 Paul Scherrer Institute (CH)
Corresponding Author: matias.senger @cern.ch

We present a readout chip prototype for future pixel detectors with timing capabilities. The prototype is intended for characterizing
4D pixel arrays with a pixel size of 100x100 -um—<, where the sensors are LGADs. The long term focus is towards a possible
replacement of disks in the extended forward pixel system (TEPX) of the CMS experiment during the HL-LHC. The requirements
for this ASIC are the incorporation of a TDC (Time to Digital Converter) in the small pixel area, low power consumption and
radiation tolerance up to SE15 neq/cm—< to withstand the radiation levels in the innermost detector modules during HL-LHC. A
prototype has been designed and produced in 110 nm CMOS technology at LFoundry and UMC with different versions of TDC
structures, together with a front end circuitry to interface with the sensors. The design of the TDC will be discussed, with the test
set-up for the measurements, and the first results comparing the performance of the different structures.

Page 117



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Readout: Front-end electronics / 629

Readout of Large Capacitance SiPMs in Noble Liquid TPCs

Authors: Sergio ResciaNone; Aleksey Bolotnikov!; Gabriella Carini'; Hucheng Chen'; Mickey Chiu!; Mieczyslaw Dabrowski!; Grzegorz Deptuch' ;
Shanshan Gaso!; Gabriele Giacomini'; sandeep Miryalal; David Moore?; Veljko Radeka'; Eric Raguzin1 ; Thomas Tsangl ; Matthew Worcester!

! Brookhaven National Laboratory
2 Yale University
Corresponding Author: rescia@bnl.gov

Silicon Photomultipliers (SiPMs), used for light detection in Noble Liquid Time Projection Chambers (TPCs), can be ganged
as good spatial resolution is not needed in the light detection. Thus, the detector capacitance seen at the input of the SiPM
readout electronics is larger than any previous detector arrangement: from 5 to 12.5 nE. We propose an integrated readout system
suitable for reading out large capacitance SiPM arrays in Noble Liquid TPCs, using two cryogenic ASICs developed at BNL.
The two-ASIC readout separates high sensitivity analog functionality from mixed and digital circuits, optimizes allocation of
functionalities with fewer risks, and makes paths of development more independent. The analog ASIC is a modified LArASIC
chip developed for the readout of charge signals in liquid Argon TPCs. The signal and data processing ASIC provides the ADC,
digital filtering, data processing, receives the configuration data, commands and synchronization, and drives data to the DAQ.

Readout: Front-end electronics / 635

Single Event Effects Testing of the RD53B chip

Author: Mohsine Menouni!

Co-authors: Pierre Barrillon 2; Jelena Lalic 3; Leyre Flores Sanz De Acedo 4: Denis Fougeron 2. Thomas Strebler °; Eva Renee Anna J. oly 1 Tomasz
Hemperek ©

! Centre National de la Recherche Scientifique (FR)

2 Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France

3 University of Oxford (GB)

4 University of Glasgow (GB)

5 CPPM, Aix-Marseille Universit\/©, CNRS/IN2P3 (FR)

6 University of Bonn (DE)

Corresponding Author: menouni @cppm.in2p3.fr

The RD53 collaboration has been working since 2014 on the development of pixel chips for CMS and ATLAS phase 2 upgrades.
This work has recently led to the development of the RD53B full-scale readout chip which is using the 65nm CMOS process and
containing 153600 pixels of 50,/650 (E°m2.
The RD53B chip is designed to be robust against the Single Event Upset (SEU), allowing such a complex chip to operate reliably
in the hostile environment of the HL-LHC. Different SEU mitigation techniques based on the Triple Modular Redundancy (TMR)
have been adopted for the critical information in the RD53B chip. Furthermore, the efficiency of this mitigation scheme has
been evaluated for the RD53B chip with heavy-ion beams in the CYCLONE facility and with a 480 MeV proton beam in the
TRIUMF facility.

The purpose of this talk is to describe and explain all the SEU mitigation strategies used in the RD53B chip, to report and analyze
the SEU test results and to estimate the expected SEU rates at the HL-LHC.
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Readout: Front-end electronics / 512

Low-radioactivity large-scale silicon interposer technology for particle physics
experiments

Author: Keven Deslandes’
Co-authors: Nicolas Roy I Kai Zoschke 2; Thomas Fritzsch 2; Fabrice Retiere 3; Serge Charlebois 4. Jean-Francois Pratte !

! University/© de Sherbrooke

2 Fraunhofer IZM

3 TRIUMF

4 Universit\/© de Sherbrooke.

Corresponding Author: keven.deslandes @usherbrooke.ca

The nEXO experiment requires a low-radioactivity and cryogenically compliant interconnect medium for its photodetection
tile modules. The pursued tile size is 100 cm? which is larger than what is available with commercial interposers. We made a
partnership with the IZM Fraunhofer institute to develop a custom technology. In Fall 2019, an 8” full scale wafer has been
designed at Sherbrooke. The fabrication of 25 wafers was started at IZM in 2020. Wafers are extracted from fabrication at
different steps for preliminary analysis. Measurements on the partial architecture show a high RDL interconnect yield and high
intra/inter-layer isolation. The test vehicle contains RF transmission lines, via daisy chains, BGA/flip chip footprints, power
distribution networks, and more.

The presentation at the TIPP2021 will detail the custom technology alongside the technology potential for the nEXO experiment
according to the initial characterization.

Readout: Front-end electronics / 358

pSLIDER32: a 32 channels mixed-signal processor for the GAPS Si(Li) Tracker

Authors: Massimo Manghisoni!; Valerio Re?; Elisa Riceputi®; Mauro Sonzogni’; Lodovico Ratti*; Lorenzo Fabris’; Mirko Boezio®; Gianluigi
Zampa’

U Universita and INFN (IT)

2 INFN

3 University of Bergamo

4 University of Pavia

5 Qak Ridge National Laboratory

6 Universita e INFN, Trieste (IT)

T INFN - National Institute for Nuclear Physics
Corresponding Author: massimo.manghisoni @cern.ch

This work describes the first experimental results from the characterization of a 32 channels mixed-signal processor developed
for the readout of lithium-drifted silicon, Si(Li), detectors of the General AntiParticle Spectrometer (GAPS) experiment to search
for dark matter. The instrument is designed for the identification of antideuteron particles from cosmic rays during an Antarctic
balloon mission scheduled for late 2022.

A full custom integrated circuit, named pSLIDER32 (32 channels Si-LI DEtector Readout ASIC prototype), has been produced in
a commercial 180 nm CMOS technology. The ASIC is comprised of 32 low-noise analog readout channels featuring a dynamic
signal compression to comply with the wide input range, an 11-bit SAR ADC and a digital back-end section which is responsible
for channel setting and to send digital information to the data acquisition system (DAQ). The circuit design criteria and the
experimental results will be presented at the conference.
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Readout: Front-end electronics / 471

Upgrade of the ATLAS Monitored Drift Tube Frontend Electronics for the
HL-LHC

Authors: Yuxiang Guo!; Yuxiang Guo?
Co-author: Muon Coll. ATLAS 3

U University of Michigan
2 University of Michigan (US)
3 ATLAS
Corresponding Authors: gyuxiang @umich.edu, yuxiang.g@cern.ch

The monitored drift tube (MDT) chambers are the main component of the precision tracking system in the ATLAS muon
spectrometer, capable of measuring the sagitta of muon tracks to an accuracy of 60 (E°m, which corresponds to a momentum
accuracy of about 10% at pT=1 TeV. To cope with large amount of data and high event rate at HL-LHC, the present MDT readout
electronics will be replaced and the MDT detector will be used at the first-level trigger with an output event rate of 1 MHz
and a latency of "6 us. Prototypes for two frontend ASICs, a frontend mezzanine card and a data transmission board have been
realized and tested. The design of a mobile mini-Data Acquisition system is ongoing and will be crucial for testing newly-built
small-diameter MDT chambers with new frontend electronics prototypes and for future integration and commissioning. I will
present the overall design of MDT frontend electronic system, results from ASIC and board prototypes and tests using the
miniDAQ system.

Readout: Front-end electronics / 592

Electronics and Triggering Challenges for the CMS High-Granularity Calorime-
ter

Author: Matthew Noy'

' CERN
Corresponding Author: matthew.noy @cern.ch

The High Granularity Calorimeter (HGCAL) will replace the CMS endcap calorimeters for the High Luminosity phase of LHC
and will feature 6 million channels. The requirements of the front-end electronics are extremely challenging: high dynamic
range (0-10 pC), low noise ("2000e- to allow MIP calibration through to end-of-life), pileup mitigation through 25 ps binning
timestamping within a power budget of "15mW/channel, as well as the need to select and transmit trigger information with a
high granularity to off-detector boards. We describe the present iterations of the front-end and back-end electronics, including
the hardware and studies of the algorithms to be implemented.
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Readout: Trigger and DAQ / 385

Concept of KamLAND2 DAQ system

Author: Sei Ieki'
Co-authors: Sachihiro Asami !; Spencer Axani 2. Sawako Futagi 1. Keishi Hosokawa !; Koji Ishidoshiro 1. Takeshi Nakahata !; Kosuke Nakamura
1

I RCNS, Tohoku University
2 MIT

Corresponding Author: sei.ieki.al @tohoku.ac.jp

KamLAND is a 1 kton liquid scintillator detector implementing 1879 of PMTs and the experiment have been exploring various
neutrino physics. Based on the requirements from observations, we are designing a new DAQ system for KamLLAND?2, the next
phase of KamLLAND, to overcome the limitations on high event rate and successive data acquisition. For example, the impact of
spallation backgrounds are critical in neutrinoless double-beta decay search, while we would get strong discrimination power if
we could detect all of neutrons induced by spallation. For nearby supernova observation, expected event rate is about IMHz for 1
s, that data rate corresponds to 25 Gbps. To realize fast processing, RFSoC and large DDR4 memory will be installed in the
front-end electronics, 10GB Ethernet and ZeroMQ for the network. The primary trigger circuit will be replaced by a computer so
that the level 2 software trigger could be issued more effectively. The overview of KamLLAND2 DAQ system will be reported.

Readout: Trigger and DAQ / 288

Trigger-DAQ and slow control systems in the Mu2e experiment

Author: Antonio Gioiosa'

Co-authors: Simone Donati 2; Luca Morescalchi 3; Elena Pedreschi #; Franco Spinella 4. Richard Bonventre 5; Glenn Horton-Smith ¢; Gianantonio
Pezzullo 7; Eric Flumerfelt 8; Vivian O’Dell ; Lorenzo Uplegger ?; Ryan Allen Rivera '

! University and INFN Pisa
2 University of Pisa and Istituto Nazionale di Fisica Nucleare
3 INFN - Pisa
4 INFN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P
5 Lawrence Berkeley National Laboratory
6 Kansas State University
7 Yale University
8 Fermi National Accelerator Laboratory
9 Fermilab
10 Fermi National Accelerator Lab. (US)
Corresponding Author: antonio.gioiosa@df.unipi.it

The muon campus program at Fermilab includes the Mu2e experiment that will search for a charged-lepton flavor violating
processes where a negative muon converts into an electron in the field of an aluminum nucleus, improving by four orders of
magnitude the search sensitivity reached so far. Mu2e, Trigger and Data Acquisition System (TDAQ) uses otsdagq as its solution.
Developed at Fermilab, otsdaq uses the artdaqg DAQ framework and art analysis framework, under-the-hood, for event transfer,
filtering, and processing. otsdaq is an online DAQ software suite with a focus on flexibility and scalability, while providing a
multi-user, web-based, interface accessible through a web browser. A Detector Control System (DCS) for monitoring, controlling,
alarming, and archiving has been developed using the Experimental Physics and Industrial Control System (EPICS) open source
Platform. The DCS System has also been integrated into otsdagq.
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Readout: Trigger and DAQ /483

Real-Time Signal Processing for Large-Volume Cyclotron Radiation Emis-
sion Spectroscopy
Author: Noah Oblath!

U Pacific Northwest National Laboratory
Corresponding Author: noah.oblath@pnnl.gov

The Project 8 collaboration seeks to measure the absolute neutrino mass using tritium beta decays and a new spectroscopy
technique, Cyclotron Radiation Emission Spectroscopy (CRES). The initial phases of Project 8 demonstrated that CRES could
be used to detect single-electron cyclotron radiation, and could be applied to measure the tritium beta-decay spectrum. The
current phase of Project 8 will use a cylindrical array of up to 75 radio-frequency antennas to detect the cyclotron radiation from
electrons in a ~10 cm® fiducial volume. The data-acquisition and signal-processing (DAQ) system will assemble the signals
from the antenna array using digital beamforming, and perform real-time triggering and reconstruction of the electron events.
The digital-beamforming aspect presents a compelling challenge in designing a real-time DAQ system. We will present the DAQ
architecture that is under development, and how we plan to address the DAQ requirements of the upcoming experiment.

Funding information:
This work is supported by the US DOE Office of Nuclear Physics, the US NSF, the PRISMA+ Cluster of Excellence at the University
of Mainz, and internal investments at all institutions.

Readout: Trigger and DAQ /616

Electronics for Multi-PMTs for the IWCD at Hyper-Kamiokande

Author: Marcin Ziembicki!

U Warsaw University of Technology (PL)
Corresponding Author: marcin.ziembicki @cern.ch

The Intermediate Water Cherenkov Detector (IWCD) will be a new near detector for the approved Hyper-Kamiodande experiment.
It will use approx. 500 multi-PMT modules (mPMTs) as its photosensors. Each mPMT will house nineteen 3” PMTs enclosed in
a water-tight pressure vessel, along with the associated electronics. In this talk, we will briefly describe the overall architecture
of the electronics system, followed by a description of analog front-end electronics, digitization system utilizing flash-ADC
converters, digital signal processing algorithms planned for data compression and extraction of pulse features (i.e. estimation of
time of arrival and charge), and finally high voltage and slow-control systems.
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Readout: Trigger and DAQ / 681

Development of a dedicated DAQ system for Crystal Eye pathfinder

Authors: Luigi Ferrentino!; Andrea Abba?; Antonio Anastasio®; Felicia Carla Tiziana Barbato*; Alfonso Boiano*; Fabio GarufiN°"®; Antonio
Vanzanella’

! Universit\/t degli Studi di Napoli "Federico II"

2 Universit\/t degli Studi e INFN Milano (IT)

3 Istituto Nazionale di Fisica Nucleare - Sezione di Napoli

4 INFN - National Institute for Nuclear Physics

5 Universita e INFN (IT)

Corresponding Author: lui.ferrentino @ gmail.com

Crystal Eye is an innovative detector that aims to provide more information about the electromagnetic counterpart of gravitational
waves by detecting X and (E>-rays events, improving the event localization of concurrent detectors. The detector consists of
LYSO scintillation crystals, each one read by an array of Silicon Photomultipliers (SiPMs) and it has been positively evaluated to
fly onboard the Space RIDER, an uncrewed reusable orbital spaceplane of the European Space Agency (ESA).
For the proposed detection module we developed a dedicated DAQ system consisting in a ZYNQ-based board which manage the
HYV provided to each SiPM, control the ASIC (CITIROC-1A) linked with the photomultipliers, the collection and storage of the
data.

The board also implent two different levels of trigger, to better discriminate between the LYSO’s self-activity and the detection
of an event we are interested in, avoiding excessive consumption of redundant SSDs space.

Funding information:
The Crystal Eye R&D is financially supported by University of Naples Federico II and Intesa San Paolo with the “STAR2018 - L1
Junior Principal Investigator” grant and by Gran Sasso Science Institute

Readout: Trigger and DAQ / 432

System Design and Prototyping for the CMS Level-1 Trigger at the High-
Luminosity LHC

Author: Alexandre Zabi!
Co-author: Collaboration CMS

U LLR-Ecole Polytechnique CNRS-IN2p3
Corresponding Author: alexandre.zabi @cern.ch

For the High-Luminosity Large Hadron Collider era, the trigger and data acquisition system of the Compact Muon Solenoid
experiment will be entirely replaced. Novel design choices have been explored, including ATCA prototyping platforms with SoC
controllers and newly available intercon- nect technologies with serial optical links with data rates up to 28 Gb/s. Trigger data
analysis will be performed through sophisticated algorithms, including widespread use of Machine Learning, in large FPGAs,
such as the Xilinx Ultrascale family. The system will process over 50 Tb/s of detector data with an event rate of 750 kHz. The
system design and prototyping are described and examples of trigger algorithms reviewed
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Readout: Trigger and DAQ / 345

The LHCb Upstream Tracker data flow architecture

Author: Carlos Abellan Beteta!

U Universitaet Zuerich (CH)
Corresponding Author: carlos.abellan.beteta@cern.ch

The current LHCb Tracker Turicensis is being upgraded to gain spatial resolution, accommodate higher occupancy and use a
trigger-less data flow. The enhanced detector is called the Upstream Tracker (UT). A core part of the UT electronics is the SALT
ASIC: a device tailored to the task with several transmission modes to optimize the number of differential pairs. This optimizes
copper traces inside the detector acceptance. The different data transmission modes, together with the different granularity and
expected data rates, will produce a variety of situations that the data flow architecture has to cope with. This contribution focuses
on the UT, Ads unique electronics and data processing architecture, how the readout adapts to the multiple scenarios that such
tracking system imposes. It discusses the tradeoffs that had to be made so that the output data format is as homogeneous as
possible across the different areas and how it tries to maintain a reasonable VHDL hardware implementation.

Readout: Trigger and DAQ / 365

Performance of the readout system of the ALICE ZDC calorimeters in LHC
Run 3

Author: Pietro Cortese!

! Universita del Piemonte Orientale (IT)
Corresponding Author: pietro.cortese @cern.ch

The ALICE ZDCs provide information about event geometry in heavy ion hadronic collisions through the detection of spectator
nucleons and allow to estimate the delivered luminosity. They are also very useful in p-A collisions, allowing an unbiased
estimation of collision centrality.

The Run 3 operating conditions will involve a tenfold increase in instantaneous luminosity in heavy-ion collisions, with event
rates that, taking into account the different processes, could reach 5 MHz in the ZDCs. The challenges posed by this demanding
environment lead to a redesign of the readout system and to the transition to a continuous acquisition. The new system is based on
12 bit, 1 Gsps FMC digitizers that will continuously sample the 26 ZDC channels. Triggering, pedestal estimation and luminosity
measurement will be performed on FPGA directly connected to the frontend.

In this contribution the new readout system will be presented and the performances foreseen in Run 3 will be discussed.
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Triggering on charged particles in collider experiments
Author: Ashutosh Kotwal'

' Duke University (US)
Corresponding Author: ashutosh.kotwal@cern.ch

We propose an algorithm, deployable on a highly-parallelized graph computing architecture, to perform rapid triggering on
high-momentum charged particles at the Large Hadron Collider and future colliders. We use software emulation to show that
the algorithm can achieve an efficiency in excess of 99.95% for reconstruction with good accuracy. The algorithm can be
implemented on silicon-based integrated circuits using FPGA technology. Our approach can enable a fast trigger for massive
charged particles that decay invisibly in the tracking volume, as in some new-physics scenarios. If production of dark matter
or other new neutral particles is mediated by metastable charged particles and is not associated with other triggerable energy
deposition in the detectors, our method is useful for triggering on the charged mediators using the small-radius silicon detectors.
The estimated spurious trigger rate is below 40 kHz for the HL-LHC with 200 collisions per 25 ns beam crossing.

Readout: Trigger and DAQ / 554

Recent experience with Streaming Readout for CLAS12-Forward Tagger

Author: Mariangela Bondy/"!

UINFEN - National Institute for Nuclear Physics
Corresponding Author: mariangela.bondi @ ge.infn.it

CLASI12 detector is installed at JLab and the purpose of its huge science program is to provide substantial progress in
understanding the QCD. Such a detector requires a sophisticated trigger and current experiments use an on-line FPGA-based
system that relies upon custom firmware and electronics both of which are difficult reconfigure from one experiment to the
next. To overcome these challenges an effort is underway to develop streaming readout (SRO) data acquisition system. The
latter would allow a more flexible, easier to debug, software trigger to be developed. A SRO prototype system was developed
based on four main components: front-end electronics based on JLAB-FADC250 and VTP modules, TriDAS and CODA data
acquisition systems and the JANA?2 reconstruction framework. In this contribution I will present the results of successful on-beam
test performed in the the winter and summer of 2020 to read in streaming mode, with the cited triggerless chain, the CLAS12
Forward Tagger.
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INO, RPC-DAQ module: Performance review and upgrade plans

Author: Mandar Saraf!
Co-authors: Dipankar Sil 1. Gobinda Majumder 2. PETHURAJ S 3; Pathaleswar Hiremath '; R.R. Shinde #; S.S Upadhya 4. Salam Thoithoi !;
Satyanarayana Bheesette ; Vivek Datar 4; Yuvaraj Elangovan !

! Tata Institute of Fundamental Research
2 Tata Inst. of Fundamental Research (IN)
3 TATA INSTITUTE OF FUNDAMENDAL RESEARCH , MUMBAI
4 Tata Institute of Fundamental Research, INDIA
Corresponding Author: mandar.tifr@gmail.com

The India-based Neutrino Observatory (INO) has proposed to build a magnetised Iron-CALorimeter (ICAL) to study atmospheric
neutrinos. The ICAL detector will use 28,800 Resistive Plate Chambers (RPCs) of 2 m x 2 m area as active detector elements.
The particle interaction signals in the RPCs are amplified and converted into logic signals using discriminators. These logic
signals are processed by the RPC-DAQ module which is mounted with every RPC. RPC-DAQ is built around Intel, Ads Cyclone
IV FPGA, HPTDC and Ethernet controller W5300. Pre-trigger signals generated in each RPC-DAQ, participate in forming
a global event trigger (GT). On receiving the GT, the RPC-DAQ records mainly the event time, RPC strip-hit pattern along
with relative time stamps of the hits. The strip rates, are recorded periodically in order to monitor the health of the RPCs. The
RPC-DAQ then packages these data and sends them over Ethernet to the back-end servers. RPC-DAQ performance and upgrade
plans will be presented.
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Hog (HDL on git): a collaborative HDL management tool

Authors: Francesco Gonnella'; Alessandra Carnplaniz; Davide Cieri3; Nico Giangiacomi4; Andrew Peck’; Nicolo Vladi Biesuz®

U University of Birmingham (GB)

2 University of Copenhagen (DK)

3 Max-Planck-Institut fur Physik (DE)

4 Universita e INFN, Bologna (IT)

5 Boston University (US)

6 INFN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P

Corresponding Author: francesco.gonnella@cern.ch

Coordinating firmware development among many international collaborators is becoming a very widespread problem in
high-energy physics. Guaranteeing firmware synthesis reproducibility and assuring traceability of binary files is paramount.
We devised Hog (HDL on git), a set of Tcl scripts (no external tool or library is needed) that tackles these issues and is deeply
integrated with HDL IDEs (Xilinx Vivado Design Suite/ISE PlanAhead, Intel Quartus Prime).

Hog assures absolute control of HDL source files, constraint files, Vivado/Quartus settings and guarantees traceability by
automatically embedding the git commit SHA and a numeric version into the binary file, also automatically renamed.

Hog allows the IDE GUI to be used normally, so developers can get quickly up to speed: clone repository, run Hog script, work
on your IDE.

Hog works on Windows and Linux, supports IPbus, Sigasi and provides pre-made yml files to set up a working CI on Gitlab with
no additional effort.
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Design of a Robust Fiber Optic Communications System for Future Giga-
scale Neutrino Detectors
Authors: Robert Hallidayl; Tyce DeYoung1 ; Chris N gl; Brian Fergusonl ; Darren Grant'; Dean Shooltz!

' Michigan State University

Corresponding Author: hallid15@msu.edu

In this work we discuss ongoing development of a hybrid fiber optic data and timing infrastructure for the future IceCube Gen2
detector. The IceCube Neutrino Observatory is a kilometer scale detector operating with 86 strings of modules. These modules
communicate utilizing a custom protocol to mitigate the signaling challenges of long distance copper cables. Moving past the
limitations of a copper-based backbone will allow larger future IceCube detectors with extremely precise timing and a large
margin of excess throughput to accommodate innovative future modules. To this end, the upcoming IceCube Upgrade offers
an opportunity to deploy a pathfinder for the new fiber optic infrastructure, called the Fiber Test System. This design draws on
experience from AMANDA and IceCube and incorporates recently matured technologies such as ruggedized fibers and White
Rabbit timing to deliver robust and high performance data and timing transfer.

Readout: Trigger and DAQ /493

Muon trigger with fast Neural Networks on FPGA, a demonstrator

Authors: Matteo Migliorinil ; Jacopo Pazzini!; Andrea TriossiZ; Filippo Marini!; Marco Zanetti!

! Universita e INFN, Padova (IT)
2 Institut Pluridisciplinaire Hubert CURIEN (CNRS)

Corresponding Author: m.migliorini @cern.ch

As the LHC experiments are undergoing significant upgrades to prepare for the High Luminosity LHC run expected for 2027,
trigger algorithms need to be redesigned to cope with the higher expected detector occupancy and the increased readout
capabilities. Recent developments on the implementation of Neural Networks (NNs) on FPGA have opened the stage to low-
latency inference, enabling highly specialized tasks to be carried out at trigger level. A muon tracking trigger algorithm is
presented, combining NNs and analytic processing of time digitized signals generated on FPGA from drift tubes muon detectors.
NNs are implemented on-line to univocally select signals compatible with genuine muons, thus removing the otherwise large
amount of combinatorial. A fully integrated demonstrator based on CMS phase-2 upgrade front-end electronics is used as a
testbed, where the trigger algorithm is fully implemented on a Xilinx Kintex Ultrascale. The algorithm and its performance will
be described.
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Readout system and testbeam results of the RD5S0 MPW2 HV-CMOS pixel
chip
Author: Patrick Sieberer'

U Austrian Academy of Sciences (AT)

Corresponding Author: patrick.sieberer@cern.ch

The RD50-CMOS group aims to design and study High Voltage CMOS (HV-CMOS) chips for use in a high radiation environment.
Currently, measurements are performed on RD50-MPW?2 chip, the second prototype developed by this group.

The active matrix of the prototype consists of 8x8 pixels with analog frontend. Details of the analog frontend and simulations
have been already published earlier. Standard tests on passive test-structures have been performed as well and will be briefly
mentioned.

This talk focusses on the Caribou based readout system of the active matrix. Each pixel of the active matrix can be readout one
after the other. Details on slow-control, configuration settings and a setup for use in testbeams are given. Relevant aspects of
hardware, firmware and software are introduced, always focusing on the operation of the chip in combination with a tracking
telescope to measure efficiency and residuals.

Sensor Posters: Gaseous Detectors / 372

Neutron spectroscopy with a nitrogen-filled large-volume spherical propor-
tional counter at high pressure

Authors: Ioanis Giomataris!; Sam Green?; loannis Katsioulas?; Patrick Knightsz; Jack Matthews?; Tom Neep3; Konstantinos Nik010p0u1053;
Thomas Papaevangelou4; Jack Sandersz; Robert James Ward3; Toannis Manthos®

! Universit\/© Paris-Saclay (FR)

2 University of Birmingham

3 University of Birmingham (GB)

4 Irfu, CEA, Universit\/© Paris-Saclay

5 Aristotle University of Thessaloniki
Corresponding Author: ioannis.manthos @cern.ch

In direct searches for dark matter, a dedicated, precise, and in-situ measurement of the neutron flux in underground laboratories
is of paramount importance, as neutron induced backgrounds can mimic the standard dark matter signal.

We investigate the development of novel neutron spectroscopy technique, using spherical proportional counters (SPC) operated
with N»-based gas mixtures. This exploits the **N(n,(E£)'*B and **N(n,p)'*C reactions for the detection of fast and thermal
neutrons, respectively. Recent advancements in SPC instrumentation, including the multi-anode resistive sensor, improve the
field homogeneity in the volume of the detector, provide efficient charge collection with high gain, and allow increased target
masses through operation at high pressures. We present measurements of fast and thermal neutrons from an Am-Be source with
SPCs installed at the University of Birmingham and the Boulby underground laboratory, operated in pressures up to 2 bar.

Funding information: .
This research has been funded by the European Union, A6s Horizon 2020 Research and Innovation Programme under the Marie
Sklodowska-Curie Grant Agreement No 845168 (neutronSphere)
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Hybrid high pressure TPC developments in measurements and simulations
Authors: Abigail Waldron'; Alexander Deisting?; Asher Kaboth?; Harrison Peter Ritchie-Yates?; Jocelyn Rebecca Monroe?; Joshua Eeles*; Linda
Cremonesi’; Patrick James Dunne!; Takudzwa Makoni’; Zachary Chen-Wishart®

U Imperial College (GB)

2 Royal Holloway University of London (GB)

3 University of London (GB)

4 Royal Holloway, University of London

5> Queen Mary University of London

6 Royal Holloway University of London
Corresponding Author: alexander.deisting@cern.ch

A hybrid readout Time Projection Chamber (TPC) is a TPC which is simultaneously read out by means of optical readout and
charge readout. Optical readout of the device provides 2D images of particle tracks in the active volume, while the charge readout
provides additional information on the particle position perpendicular to the image plane. Such a hybrid TPC working at high
pressure is an attractive device for physics cases where a high target density is required as e.g. measuring a neutrino beam at the
source of long baseline neutrino oscillation experiment. In this talk we will present two different lines of work towards the goal
of developing hybrid TPC technology: a) Studies with gas electron multipliers employing optical and charge readout. b) An
analytical parametrisation of the gas gain for a multi wire proportional chamber based on garfield++ simulations and validated
with measurements, which allows to skip these simulations in the future altogether.

Sensor Posters: Gaseous Detectors / 394

Recent results on low-pressure Time Projection Chamber for Accelerator
Mass Spectrometry

Author: Tamara Shakirova'
Co-authors: Alexander Bondar 2; Alexei Buzulutskov 3; Alexey Petrozhitskiy 3, Andrey Sokolov 3. Egor Frolov 3. Vasily Parkhomchuk 4

! Budker Institute of Nuclear Physics of Siberian Branch Russian Academy of Sciences (BINP SB RAS)
2 BudkerINP
3 Budker Institute of Nuclear Physics
4 Unknown
Corresponding Author: 1992.sh.tamara@gmail.com

Recent results on a new ion identification technique for Accelerator Mass Spectrometry (AMS), based on measuring the ion track
ranges in low-pressure TPC, are presented. As a proof of principle, a low-pressure TPC with THGEM-based charge readout
has been recently developed. In this work we developed a new, larger version of the TPC, with a dedicated thin silicon nitride
window for efficient passage of ions. The THGEM gain was measured and the improved resolution for measuring the track
ranges of alpha particles was obtained at the nominal TPC pressure (50 Torr). Using these results and SRIM code simulations, it
is shown that isobaric boron and beryllium ions can be effectively separated at AMS. This technique will be applied in the AMS
facility in Novosibirsk for dating geological objects, namely for geochronology of Cenozoic era.
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GEM detectors for the upgrade of the CMS Muon Spectrometer

Authors: Piet Verwilligen1 ; Shivali Malhotra?

! Universita e INFN, Bari (IT)
2 Texas A & M University (US)
Corresponding Author: shivali.malhotra@cern.ch

The Large Hadron Collider (LHC) will restart in 2022 (Run-3), colliding protons with an instantaneous luminosity of 2 ,af 3 /6
10°{34} em™{,ai2} s*{,ail}. A subsequent upgrade in 2025-27 (Long Shutdown 3 - LS3) will increase the luminosity up to 5 1/6
107{34} cm™{,ai2} s”{,afl}. The CMS muon system must enable a physics program that maintains sensitivity for electroweak
measurements and for Beyond the Standard Model searches. To cope with the corresponding increase in trigger rates and to
provide additional coordinate measurements in the high background environment, a first set of Gas Electron Multiplier (GEM)
detectors have been installed and are currently being commissioned (GE11), while two more sets of GEM detectors (GE21,
MEQO), are finalizing R&D and preparing for construction. We present an overview of the muon spectrometer upgrade using the
GEM technology, the performance of the GE11 chambers during Quality Control tests and in cosmic ray tests, and the design of
the GE21 and MEO chambers.

Sensor Posters: Gaseous Detectors / 413

Neutrino-hydrogen interactions with a high-pressure time projection cham-
ber

Authors: Philip Hamacher-Baumann!; Xianguo Lu?; Justo Martin-Albo3

' RWTH Aachen University
2 University of Oxford
3 Harvard University
Corresponding Author: philip.hamacher-baumann@cern.ch

Long-baseline neutrino oscillation experiments are currently limited by systematic error due to nuclear effects of neutrino
interactions. Obtaining new input data, especially of nuclear-free neutrino interactions at MeV tracking threshold for protons,
could help to reduce these uncertainties.

A suitable detector that could provide a large number of neutrino-hydrogen interactions is the high-pressure gaseous time
projection chamber, which is foreseen for DUNE’s near-detector suite.

With the projected neutrino exposure,

calO(10%) neutrino-hydrogen events per year could be achieved with a filling of 50% Ar+alkanes, using the transverse-kinematic-
imbalance method.

For design and operation of such a pressurized TPC, it is essential to study microscopic tracking parameters, e.g. drift velocity,
to ensure performance at large detector scales. A systematic study of hydrogen-rich argon-alkane mixtures is presented and
assessed in terms of expected operational abilities and challenges.
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Studies on impurities and F-radicals production in gaseous detectors oper-
ated with Freon based gas mixtures at LHC Experiments

Authors: Beatrice Mandelli' ; Roberto Guida'; Mara Corbetta?; Gianluca Rigoletti2

' CERN
2 Universite Claude Bernard Lyon I (FR)

Corresponding Author: mara.corbetta@cern.ch

At the CERN LHC experiments several gaseous detectors are operated with Freon based gas mixtures. CF4 is used for wire
chambers and Gas Electron Multiplier (GEM) detectors while C2H2F4 and SF6 for Resistive Plate Chambers (RPCs). Under the
effects of electric field and radiation, these gases undergo radiolytic dissociation producing new molecules and radicals, which
could be detrimental to detector long term operation.

During LHC Run 2 several gas analyses were performed on the gas mixtures of RPCs and GEMs operated in ALICE, CMS and
LHCb experiments. It was observed that several impurities and F- radicals are created inside the detectors and their concentration
depends on several factors. Systematic studies on F- production in RPC and GEM detectors have been performed at CERN
GIF++ with high background radiation. Correlations between impurities, gas flow, integrated charge, rate and detector currents
were established.A comprehensive overview of the results obtained will be presented
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High rate capability studies of triple-GEM detectors for the ME( upgrade of
the CMS Muon spectrometer

Author: Francesco Fallavollita!
Co-authors: CMS Collaboration ; Michele Bianco !; Davide Fiorina 2; Marcello Maggi 3. Antonello Pellecchia 4; Piet Verwilligen 3. Luis Felipe

Ramirez Garcia 7 ; Nicole Rosi ©

! CERN
2 Universita & INFN Pavia
3 Universita e INFN, Bari (IT)
4 INFN - National Institute for Nuclear Physics
5 Universidad de Antioguia (CO)
® University & INFN Pavia
Corresponding Author: francesco.fallavollita@cern.ch

In the CMS Muon System gaseous detectors, the increase in luminosity will produce a particle background ten times higher than
at the LHC. To cope with the high rate environment and maintain the actual performance, the triple-Gas Electron Multiplier
technology is a promising candidate as high-rate capable detectors for the CMS-MEO project. An intense R&D and prototype
phase is currently ongoing to prove that technology meets the stringent performance requirements of highly efficient-particle
detection in the harsh background environment expected in the MEQ region. The authors will describe the recent rate capability
studies on triple-GEM detectors by using a high intensity X-ray generator. We will present the novel foils design based on
double-sided segmented GEM-foils, high voltage distribution powering and filtering, which the collaboration adopted for
realization of the latter projects, and their impact on the performance of the detector in the light of new rate capability studies.
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Radiation Background estimation for the GE1/1 Triple-GEM detector in the
CMS endcap

Author: Sunil Kumar!
Co-author: CMS Collaboration

1 Panjab University (IN)
Corresponding Author: s kumar@cern.ch

The Compact Muon Solenoid (CMS) is a general-purpose particle detector at the Large Hadron Collider (LHC) designed to
study a wide range of particles produced in high energy collisions. These particles interact with the beam pipe, shielding and
detector supporting materials to produce neutrons, gammas, electrons and positrons, forming a common background radiation
field for CMS. A Monte-Carlo simulation is used to predict the change in the background due to the evolution of the CMS
detector geometry expected for the Phase-2 upgrade. In the forward region, the upgrade includes Gas Electron Multiplier (GEM)
detectors called GE1/1. In this study, an estimate of the GE1/1 detector response to the background radiation is presented. The
flux of background radiation is predicted using the FLUKA framework and the response of the detector is predicted using the
GEANT4 framework. A comparison of the prediction and GEM Slice Test data is done for validation of the technique.

Sensor Posters: Gaseous Detectors / 455

CMS RPC upgrade program

Author: Felipe Silva!
Co-author: CMS Collaboration

U Universidade do Estado do Rio de Janeiro (BR)
Corresponding Author: felipe.silva@cern.ch

The LHC will be upgraded in several phases that will allow significant expansion of its physics program. The luminosity of the
accelerator is expected to exceed 54/61034cm,ai2s,ail. In order to sustain the harsher conditions and to help maintaining good
trigger efficiency and performance the Resistive Plate Chambers (RPC) system of the CMS experiment will be upgraded.

The present RPC system would continue to operate, and it would be upgraded with new Link Boards system. In addition, the
coverage of the RPC system would be increased up to pseudo rapidity of 2.4 by installing a new generation of improved RPCs
(iRPCs). Their design and configuration are optimized to sustain higher rates and hence to survive the harsh background condition
during HL-LHC operation. The iRPC are equipped with newly developed electronics designed to read out the detectors from both
sides, allowing in this way a good spatial resolution along the strips O(cm). The status of the upgrade project will be presented.



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Sensor Posters: Gaseous Detectors / 519

Hydrodynamic simulation studies on avalanche and streamer formation in
GEM detector

Author: Prasant Kumar Rout!
Co-authors: Jaydeep Datta 2; Promita Roy !; Purba Bhattacharya 3; Supratik Mukhopadhyay '; Nayana Majumdar '; Sandip Sarkar !

1 Saha Institute Of Nuclear Physics
2 Homi Bhaba National Institute
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The dynamics of electrons and ions in gaseous ionization detectors have been studied reasonably well with particle simulation
models developed using the Garfield++ numerical simulation framework. This is an important area of study since it allows
prediction of the detector response in a given experimental situation. In this work, a fluid simulation model has been developed
in the COMSOL Multiphysics simulation framework to simulate the avalanche and streamer formation in GEM-based detectors.
Possible detector geometries in 2D, 2D axisymmetric and 3D coordinate systems have been explored to find the optimum
numerical configuration. Transport of charged fluids has been simulated in the optimized model for various operating voltage
ranges suitable for single, double and triple GEM detectors using Ar + CO2 (70:30) as the gas mixture. Simulated gain variations
have been compared with experimental observations. Effect of space charge and its relation to streamer formation have been
studied.
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Micromegas with high-granularity readout: stability and performance at high
particle rates

Authors: Mariagrazia Alviggi1 ; Maria Teresa Camerlingoz; Vincenzo Canale?; Massimo Della Pietra®; Camilla Di Donato®; Roberto Di Nardo*;
Paolo Ieng05 ; Mauro ITodice®; Stefano Franchellucci?; Fabrizio Petrucci’; Givi Sekhniaidze?

! Naples University and INFN

2 Universita e INFN Roma Tre (IT)

3 Universita e sezione INFN di Napoli (IT)
4 Universit\/+ ¢ INFN Roma Tre (IT)

> CERN
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Corresponding Author: stefano.franchellucci@cern.ch

Micromegas (MM) are being used as tracking detectors in HEP experiment upgrades. For applications at future accelerator
experiments, we are developing the MM technology to increase its rate capability and reach a stable and efficient operation up to
particle fluxes of 10 MHz/cm2.

In resistive MM, the anode plane hosts the readout elements overlayed by an insulator and a resistive plane to reduce the spark
intensity. We tested several MM prototypes with a high-granularity readout plane, with 1x3 mm?2 size pads, and different resistive
protection schemas exploiting a pad-patterned layer or two uniform DLC layers.

To cope with the high number of readout channels and allow for the size scalability of the detector avoiding dead areas, we are
implementing the integration of the readout electronics in the back of the detector.

We will present measurements to assess the optimal resistive schema and preliminary results on the embedded electronics
prototype currently under test
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Studies of charging up in THGEMs

Authors: Promita Roy'; Vishal Kumar?; Purba Bhattacharya?®; Supratik Mukhopadhyay?; Nayana Majumdar?; Sandip Sarkar?

! Saha Institute Of Nuclear Physics
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Corresponding Author: roy.promita24 @gmail.com

The time-dependent variation of detector response in MPGDs, especially THGEMs, is a challenging problem that has been
attributed to the “charging up” and “charging down” processes of insulating materials present in these detector. Experimental
studies of stabilization of gain with time due to these phenomena under various experimental conditions have been given in the
presentation. Effects of sources with varying irradiation rates on the gain saturation process have been studied. Low-rate source
shows two-step gain stabilization phenomena, one short-term saturated gain, another long-term saturated gain, whereas high-rate
source shows just one-step gain saturation. While this two-step stabilization has been attributed to the charging up of the rim by
earlier studies, its effect seems to be subdued for high-rate irradiation according to the observations presented here. The final
results provide an insight into the transients of gain saturation in THGEMs.
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Development of Micromegas detectors with high radio-purity and energy-
resolution using a thermal bonding method for the PandaX-III experiment

Author: sicheng wen!
Co-authors: Zhiyong Zhang !; Jianbei Liu 2
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2 University of Science and Technology of China (CN)
Corresponding Author: wenschl @mail.ustc.edu.cn

High pressure gaseous Time Projection Chamber (TPC) with Micromegas, which is considered to be a very attractive solution for
the next generation of ton scale OVEE<(E< experiment, features the high granularity, high energy resolution, and low radioactive
background. The PandaX-III experiment adopted the TPC scheme and will search for OV(EE<EL of Xe-136 at China Jinping
Underground Laboratory. In this work, we present R&D of Micromegas with thermal bonding method at USTC. Thermal bonding
Micromegas offers spark-resistant and dead-channel-free readout modules for readout. We first report the specific design and
manufacturing process for this radio-pure and high energy resolution Micromegas detector with active area of 200mm+/6200mm.
The prototypes were characterized under 10 bar pressure and the performance such as gas gain, energy resolution, and long-term
stability etc, were studied in detail, and the results are presented and show a promising solution for PandaX-III experiment.
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Time and band-resolved scintillation studies in high pressure xenon

Authors: Diego Gonzalez Diaz!; Sara Leardini?; Edgar Sanchez Garcia®; Roberto Santorelli®; Angela Saa Hernandez'; Pablo Amedo?; David
Jos/© Fern,/°ndez?; David Gonz/°lez*

U Universidade de Santiago de Compostela (ES)
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3 Centro de Investigaciones Energ+/©ti cas Medioambientales y Tecno
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We have conducted systematic measurements for different particle types, pressures, and electric fields, resolving the second and
third continuum components of the scintillation in high pressure xenon. We observe that the third continuum emission, despite
being a subdominant contribution to the overall scintillation in the 150-500nm range, represents an important contribution to its
fast component. Third continuum is both fast and immune to electric-field field effects, contrary to the recombination component
of the second continuum, that is slow in gas phase and strongly field-dependent. In particular, and as noted recently for the case of
argon (arXiv:2012.08262), these observations enable particle-identification schemes based on the different spectral components
of the scintillation.

We will present a comprehensive description of the experimental results in light of the microscopic simulation toolkit for
scintillation in gases, recently developed by our group, and future prospects.
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New studies on the rate capability of resistive gaseous detectors
Author: Marcello Abbrescia'

! Bari Physics Department and INFN

Corresponding Author: marcello.abbrescia@cern.ch

The introduction of resistive elements in gaseous detectors has been a real breakthrough, since it provided them with auto-
triggering capabilities, spark protection and long term stability. Though, it adds a limitation on the maximum flux of particles
that can be measured without efficiency loss, and this is of major relevance both for the operation of the experiments at the High
Luminosity LHC, and for the design of the detection systems at the next generation of accelerators. Therefore understanding
how to optimize rate capability without losing other benefits will be of paramount importance. Here the latest results about rate
capability of various kinds of gaseous detectors will be presented, and compared to a mathematical model able to describe the
complex processes taking place in gaseous detectors operating at high rate. Also the implications of the insights gained during
this study on the design of the future generation experiments featuring gaseous detectors will be discussed.
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Improved Resistive Plate Chambers for the upgrade of the CMS muon detec-
tor

Author: Amrutha Samalan!
Co-author: CMS Collaboration
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Several upgrades of the CMS Resistive Plate Chamber (RPC) system are currently being implemented to ensure a highly
performing muon system during the upcoming High Luminosity phase of the Large Hadron Collider (HL-LHC) which will have
an increased integrated luminosity of 3000 fb~!. An improved version of the existing RPCs (iRPCs) will be installed in the
forward region of the 3rd and 4th endcap disks. These iRPCs offer a better spatial resolution of the order of a few cm along
the strip direction and the new front-end electronics is designed to fully exploit the intrinsic time resolution of the iRPCs. The
performance of the proposed iRPCs has been studied at the CERN Gamma Irradiation Facility (GIF++). A longevity study is
ongoing, and main detectors parameters (currents, rate, resistivity) are regularly monitored as a function of the integrated charge.
The present overall status of the CMS iRPC project, including also results of the ongoing studies at GIF++ will be presented.
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GEM foil characterization in cost-effective, and efficient way and attempt
made to use it as an imaging detector

Author: Asar Ahmed!
Co-authors: Ashok Kumar 2; Md. Naimuddin 2
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Corresponding Author: asar0786 @ gmail.com

Increasing demand for security scanners and medical imaging techniques has risen with the advancement of technology based
on silicon sensors. However, these technologies are much expensive and require critical handling. The Gas Electron Multiplier
(GEM) foil based detector has been attempted to use as an imaging detector. GEM foil is generally constructed using 50 um
highly insulating film coated with 5 wm copper on both sides and a network of highly dense double conical holes of size 50-70
pm in it. Due to the microscopic structure of holes and the dependence of the electric field inside them, it becomes essential to
study the defects and uniformity of holes along with the electrical property of foils in various conditions. In our work, we have
tested GEM foils both optically and electrically and saw the response of the triple-layered GEM detector in various gas mixture
ratio to study the best operating point along with stability and uniformity.
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Absolute primary scintillation yield in Xe for electrons and alpha particles

Author: Carlos Henriques'
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U University of Coimbra
2 LIBPhys
3 LIBPhys-UC
4 LIBPhys-Coimbra
3 Universidade de Santiago de Compostela (ES)
6 Univercity of Coimbra
Corresponding Author: henriques @uc.pt

Xenon scintillation has been widely used in recent particle physics experiments. However, information on primary scintillation
yield in the absence of recombination is still scarce and dispersed. The mean energy required to produce a VUV scintillation
photon (Wsc) in gaseous Xe has been measured in the range of 30-120 eV. Lower Wsc-values are often reported for alpha
particles compared to electrons produced by gamma or x-rays, being this difference still not fully understood.

We carried out a systematic study of the absolute primary scintillation yield in Xe at 1.2 bar, using a Gas Proportional Scintillation
Counter. The simulation model of the detector’s geometric efficiency was benchmarked through the primary and secondary
scintillation produced at different distances from the photosensor. Wsc-values were obtained for gamma and x-rays with energies
in the range 5.9-60 keV, and for 2-MeV alpha particles. No significant differences were found between alpha particles and
electrons.
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A Wire Tension Analyzing Instrument for Particle Physics Detectors

Authors: Chris Stanford!; Sebastien Prince?; James BattatN°"®; Nathan Felt?; Shion Kubota3; John Oliver*
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We present a hardware tool that is capable of measuring wire tensions in particle physics detectors in a rapid and automatic
way, greatly improving on the time required to perform quality control measurements compared to the traditional method of
physically stimulating the wires. The instrument measures a wire tension by applying a combination of AC and DC current on
the neighboring wires, which causes the central wire to oscillate and a current to be induced by the changing capacitance of
the system. It then sweeps through a range of AC frequencies, and a resonance is observed at the natural frequency of the wire,
which identifies the tension. The instrument can also measure multiple wire tensions simultaneously, and can measure hundreds
of wire tensions in a single automated process.
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Development of a fast simulator for GEM-based neutron detectors

Authors: Renan Felix dos Santos!; Marcelo Gameiro Munhoz'; Maury/#cio Moralles?

U Universidade de Sao Paulo (BR)
2 Instituto de Pesquisas Energ/©ticas e Nucleares (BR)
Corresponding Author: renanfelix @usp.br

Gas Electron Multiplier (GEM)-based detectors using a layer of '°B as a neutron converter is becoming popular for thermal
neutron detection. A common strategy to simulate this kind of detector is based on two frameworks: Geant4 and Garfield++.
The first one provides the simulation of the nuclear interaction between neutrons and the ° B layer, while the last allows the
simulation of the interaction of the reaction products with the detector gas leading to the ionization and excitation of the gas
molecules. Given the high ionizing power of this nuclear reaction products, a full simulation is very time consuming and must be
optimized to become viable. In this work, we present a strategy to develop a fast simulator based on these two frameworks that
will allow to generate enough data for a proper evaluation of the expected performance and optimization of this kind of detector.
We will show the first results obtained with this tool concentrating on its validation and performance.
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Characterization and Calibration of a Triple-GEM Detector for Medical Dosime-
try

Author: Andrea Velasquez MorosNo"®
Co-author: Hector Castro !

! Universidad Nacional de Colombia
Corresponding Author: anvelasquezm @unal.edu.co

We characterized and calibrated a triple Gas Electron Multiplier (triple-GEM) detector, and studied its possible applications
in medical dosimetry. The response to various sources of radiation was analyzed, and its efficiency, gain, energy resolution,
and time resolution were calculated. Then, radiation doses from an Iron-55 source and a medical portable X-ray machine were
measured, obtaining the calibration factor for the GEM detector by comparison with reference values.

We found an energy resolution of 19.5%, a time resolution of 40ns, and a maximum gain of 5 x 10°. The detector’s response to
dose measurements was linear, with a calibration coefficient of 1.13 x 10* for different sources of radiation. It was concluded
that GEM detectors can be reliably used as dosimeters in nuclear medicine and radiology.
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Development of THGEM-based detectors for Nuclear Fission Studies

Authors: Purba Bhattacharya!; Purba Bhattacharya?
Co-authors: Arijit Sen ?; Tilak Kuma Ghosh 3; Nayana Majumdar *; Supratik Mukhopadhyay *

U University of Calcutta
2 INFN, Cagliari
3 Variable Energy Cyclotron Centre
4 Saha Institute of Nuclear Physics
Corresponding Author: purba.bhattacharya@cern.ch

To optimize the exploration of Super Heavy Elements (SHE), the key challenge is to understand the dynamics of fusion-fission
reactions through the measurement of mass and angular distributions of the fission fragments. For the detection of the fission
fragments, position-sensitive Multi-Wire Proportional Counters are usually used due to their high gain, good temporal and
position resolutions. However, these detectors use fragile anode wires having a diameter of only 10 microns and therefore are not
portable. In the present work, a detector based on robust THick Gaseous Electron Multiplier (THGEM), has been proposed. In
the presentation, a numerical demonstration of THGEM-MultiWire hybrid detector technology as a possible candidate for new
generation low energy fission studies and their evaluation as a function of different possible geometric and electric configurations
in low-pressure Isobutane gas will be discussed.

Funding information:
UGC D. S. Kothari Fellowship
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Options for gain elements and gas mixtures in a high rate EIC Time Projec-
tion Chamber

Authors: Nik Smirnov!; Craig Woodyz; John Harris®; Caitlin Beattie3

! Yale University (US)
2BNL
3 Yale University
Corresponding Author: nikolai.smirnov@yale.edu

OA+t OA* In order to investigate options for a future high rate TPC we have tested various gas gain structures and gas mixtures.
Our goal was to focus on crucial TPC parameters: ion back flow, energy resolution (dE/dx), electron and ion drift speed, electron
diffusion (in E- and B-fields), and stability. We concentrated on two options for the gain structure: 4 GEMs and MMG+2GEMs.
We investigated a potential instability (MMGs) that occurs primarily from a high voltage (HV) power supply (PS) voltage drop
in reaction to a discharge. It was demonstrated that a resistive protection layer on a readout structure reduces the HV PS voltage
drop after a spark to practically negligible levels. The hybrid micro-pattern gas amplification stage allows for a TPC design that
can operate in a continuous mode, serves as an option to limit space charge distortions in high-rate TPCs, and guarantees that
dE/dx, space reconstruction resolution, drift parameters and detector stability will not be compromised.
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Construction of an RPC using additive manufacturing technology

Author: Stefano Colafranceschi’

U INEN e Laboratori Nazionali di Frascati (IT)
Corresponding Author: stefano.colafranceschi @cern.ch

In this work, we report the progress in the design and construction of an RPC detector fully built using additive manufacturing
technology, an emerging/interdisciplinary engineering domain only partially utilized in HEP.

Our novel design of the 3D detector stack can be automatically and fully constructed in short time, ensuring repeatability
and accuracy, while minimizing construction mistakes. 3D printing, applied to instrumentation for physics enhances detector
performance and capabilities, cutting construction costs and improving standardization over large scale productions. The delivered
detector constitutes a new generation of RPC detectors, electrically equivalent to the existing ones but mechanically better and
standardized according to the prescribed specifications.

We aim at proving the feasibility studies of a 3D printed detector that features state-of-art performance, at a fraction of the cost
and potentially constructed without the need of external industrial partners.
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Numerical Evaluation of Electric Field and Dark Current of Resistive Plate
Chamber

Author: Subhendu Das!
Co-authors: Jaydeep Datta '; Nayana Majumdar !; Supratik Mukhopadhyay !

U Saha Institute of Nuclear Physics (IN)
Corresponding Author: subhendudas456038 @ gmail.com

It is important to understand the calculation of electric field and current in RPC in order to envisage the working of the device.
This is useful in optimizing its design and operation for specific applications. A method of calculating the 3D electric field using
the law of full current conservation showed that the voltage drop across the gas gap is same as that applied across the resistive
electrodes and reproduced the ohmic region of the I-V characteristics. The electrical equivalent circuit of RPC modeled in other
works simulated the non-ohmic region, but did not calculate field configuration in the gas gap. We have performed a calculation
of the electric field and current of RPC from the first principle using finite element method. The results have been compared to
the analytic approach to establish the model. It has been then used to study the effect of the electrode and spacer materials on
field configuration and dark current and produce the non-ohmic character of the I-V graph.

Funding information:

Saha Institute of Nuclear Physics (SINP), Homi Bhabha National Institute (HBNI), University Grants Commission (UGC)
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Performance of the Multigap Resistive Plate Chambers of the Extreme En-
ergy Events Project

Author: Cristina Ripoli!

U University of Salerno
Corresponding Author: cripoli @unisa.it

The muon telescopes of the Extreme Energy Events (EEE) Project are made up of 3 Multigap Resistive Plate Chambers (MRPC).
The whole array is composed of 61 telescopes installed in Italian High Schools, constructed and operated by students and
teachers, constantly supervised by CREF and INFN researchers.

The unconventional working sites are a unique test field for checking the robustness and the low-ageing features of the MRPC
technology for particle tracking and timing purposes. The MRPCs are fluxed with a standard mixture (98% C2H2F4 - 2% SF6),
of greenhouse gases (GHG) phasing out of production.

The EEE Collaboration aims to find an environmentally and economically sustainable gas mixture in order to reduce GHG
emissions, without affecting MRPC excellent performance.

Performance in terms of time and spatial resolution, efficiency, tracking capability and stability will be described, together with a
comparison with expectations and with the results obtained using new gas mixtures.
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Fast and Radiation Hard Inorganic Scintillators for Future HEP Experiments

Authors: Chen Hu'; Liyuan Zhang'; Renyuan Zhu'!

U California Institute of Technology (US)
Corresponding Author: chen.hu@cern.ch

Future HEP experiments at the energy and intensity frontiers require fast and ultrafast inorganic scintillators with excellent
radiation hardness to face the challenges of unprecedented event rate and severe radiation environment. We report recent progress
in fast and ultrafast inorganic scintillators for future HEP experiments. Examples are LYSO crystals and LuAG ceramics for an
ultra-compact shashlik sampling calorimeter for the HL-LHC and the proposed FCC-hh, and yttrium doped BaF2 crystals for the
proposed Mu2e-II experiment. Applications for Gigahertz hard X-ray imaging will also be discussed.

Funding information:

US DOE DE-SC0011925,
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Detection of low-energy X-rays with 1/2 and 1 inch LaBr3:Ce crystals read
by SiPM arrays

Authors: Maurizio Bonesini!; Roberto Benocci?; Roberto Bertoni®; Massimiliano Clemenza®; Roberto Mazza!; Antonio de Bari®; Alessandro
Meneg011i°; Marco Prata’; Massimo Rossella®

U Universita & INFN, Milano-Bicocca (IT)
2 INFN Milano Bicocca
3 Univ. + INFN
4 Universit\/t di Milano Bicocca
5 Universita’ di Pavia
6 Universita e INFN, Pavia (IT)
7 INFN Pavia
8 Universita and INFN (IT)
Corresponding Author: maurizio.bonesini @cern.ch

LaBr3:Ce crystals are used for radiation imaging in medical physics, with PMT or SiPM readout. A R&D was pursued with 1/2
and 17 crystals to realize compact large area detectors (up to some cm? area) with SiPM array readout, aiming at high light yields,
good energy resolution/linearity and fast time response for low-energy X-rays. The study was triggered by the FAMU experiment
at RIKEN-RAL p facility. The goal is the detection of characteristic X-rays around 130 KeV. Other applications may be foreseen
in medical physics, such as PET and gamma-ray astronomy. A direct readout, employing CAEN V1730 FADCs, better suited for
applications, was used. The temperature gain drift of SiPM was controlled by custom NIM modules, based on CAEN A7585D
power supply chips. Laboratory test results will be reported. As an example, at the Cs**" peak, an energy resolution up to “3 %
was obtained, with Hamamatsu S14161 array SIPM. This compares well with best results obtained with PMT readout.
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The upgrade of the LHCb RICH detector

Author: Matteo Bartolini'

U INFN e Universita Genova (IT)
Corresponding Author: matteo.bartolini@cern.ch

The two LHCb RICH detectors have provided excellent particle ID until the end of Run2 in 2018 operating at the luminosity of
~ 4 x 10% cm™2s™!. From the beginning of Run3 in 2022, the Level 0 hardware trigger of the experiment will be removed to
allow data readout at the full LHC collision rate of 40 MHz and the luminosity will be increased to ~ 2 x 10** cm™2s™?. In order
to adapt the RICH system to the new rate, the current HPD detectors with embedded electronics limited to readout event rate of
1 MHz have been replaced by MaPMTs with external readout electronics. Moreover, in order to reduce the occupancy of the
photon detectors due to the higher luminosity, a reoptimization of the optics is required. In this talk the upgraded opto-electronics
chain and the performance expected for Run3 will be presented together with the automated quality control procedures to qualify
the RICH photon detectors and support electronics.
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Strong light yield enhancement in oriented crystalline media for homoge-
neous calorimetry

Author: Mattia Soldani’

Co-authors: Alessia Selmi 2; Alexei Sytov 3; Andrea Mazzolari #; Claudia Brizzolari 3; Davide De Salvador ©; Erik Vallazza 7; Evgenii Lutsenko 8;
Federico Ronchetti 2; Laura Bandiera 3; Luca Bomben 2; Marco Romagnoni 3. Michela Prest 3; Riccardo Camattari 3; Tais Maiolino 3; Valerio
Mascagna 8: Vincenzo Guidi 3

U University/+ degli Studi dell’Insubria & INFN Milano Bicocca
2 Universit\/t dell’Insubria
3 Universita e INFN, Ferrara (IT)
4 INFN
5 Universit/1 degli Studi dell’Insubria
8 Universita e INFN (IT)
7 INFN Sezione di Milano Bicocca
8 Universita & INFN, Milano-Bicocca (IT)
Corresponding Author: mattiasoldani93 @ gmail.com

Scintillating homogeneous detectors represent the state of the art in electromagnetic calorimetry. Moreover, the currently
neglected crystalline nature of the most common inorganic scintillators can be exploited to achieve an outstanding performance
boost in terms of compactness and energy resolution. In fact, it was recently demostrated by the AXIAL/ELIOT experiments that
a strong reduction in the radiation length inside PboWOs, and a subsequent enhancement in the scintillation light emitted per unit
thickness, are attained when the incident particle trajectory is aligned with a crystal axis within ~ 0.1°. This remarkable effect
has been directly observed at CERN with a 120 GeV/c electron beam and a custom, SiPM-based light readout system. The same
concept can be applied to full-scale detectors that would feature a design significantly more compact than currently achievable
and unparalleled resolution in the range of interest for present and future experiments.
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Development of the in-situ Calibration System using LEDs and Light Guide
Plates for the SuperFGD

Author: Takuji Arihara'
Co-authors: Aleksandr Boikov 2; Hidekazu Kakuno 3; Olivier Drapier 4. Svetlana Tereshchenko 2; Tsunayuki Matsubara 5: Viacheslav Tereshchenko
2. Yuri Davydov 2

! Tokyo Metropolitan University

2 Joint Institute for Nuclear Research

3 Tokyo Metropolitan University—

4 Ecole Polytechnique, IN2P3-CNRS

5 High Energy Accelerator Research Organization
Corresponding Author: arihara@hepmail.phys.se.tmu.ac.jp

T2K is a long-baseline neutrino experiment that aims to investigate the CP violation in the neutrino sector. An upgrade of the
ND280, which is one of the T2K near detectors, is in progress. The active target detector of the upgraded ND280 is a segmented
highly granular plastic scintillation detector (SuperFGD) consisting of about two million cubes. About sixty thousand silicon
photo-multipliers (SiPMs) coupled with wavelength shifting fibers are used for light readout. The fibers go through the scintillator
cubes along the orthogonal three directions. We developed a new system based on LEDs and notched light guide plates for in-situ
calibration of SuperFGD. The developed system can distribute LED light for SiPMs simultaneously with high uniformity and be
used for gain calibration and stability monitor of the signal readout. In addition, it can fit in the confined space of the SuperFGD
due to its thin structure. We will present the design and the performance of the calibration system.
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Electroluminescence yield in pure krypton
Authors: R.D.P. Mano'; C.M.B. Monteiro!

! LIBPhys-UC
Corresponding Author: danielmano22 @ gmail.com

The krypton electroluminescence yield was studied, at room temperature, as a function of electric field in the gas scintillation
gap. A large area avalanche photodiode has been used to allow the simultaneous detection of the electroluminescence pulses as
well as the direct interaction of x-rays, the latter being used as a reference for the calculation of the number of charge carriers
produced by the electroluminescence pulses and, thus, the determination of the number of photons impinging the photodiode.
An amplification parameter of 113 photons per kV per drifting electron, a scintillation threshold of 2.7 Td and an ionisation
threshold of 13.5 Td was obtained. The krypton amplification parameter is about 80% and 140% of those measured for xenon and
argon, respectively. The electroluminescence yield in krypton is of great importance for modeling krypton-based double-phase or
high-pressure gas detectors, which may be used in future rare event detection experiments.

Sensor Posters: Light-based Detectors / 526

PANDA Barrel DIRC: From Design to Component Production

Author: Georg Schepers!

U GSI - Helmholtzzentrum fur Schwerionenforschung GmbH (DE)
Corresponding Author: georg.schepers@cern.ch

Excellent particle identification (PID) will be essential for the PANDA experiment at FAIR. The Barrel DIRC will separate kaons
and pions with at least 3 s.d. for momenta up to 3.5 GeV/c and polar angles between 22 and 140 deg.

After successful validation of the final design in the CERN PS/T9 beam line, the tendering process for the two most time- and
cost-intensive items, radiator bars and MCP-PMTs, started in 2018. In Sep. 2019 Nikon was selected to build the fused silica
bars and successfully completed the series production of 112 bar in Feb. 2021. Measurements of the mechanical quality of the
bars were performed by Nikon and the optical quality was evaluated at GSI. In Dec. 2020, the contract for the fabrication of the
MCP-PMTs was awarded to PHOTONIS and the delivery of the first-of-series MCP-PMTs is expected in June 2021.

We present the design of the PANDA Barrel DIRC as well as the status of the component series production and the result of the
quality assurance measurements.
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The LYSO scintillation light measurement with an ultra-fast MCP-PMT

Authors: Qi Wu!; Sen Qian?

! Institute of High Energy Physics
2 Institute of High Energy Physics,CAS
Corresponding Author: wuqi@ihep.ac.cn

The scintillator can be seen as a wavelength shifter which converts the incident particle into a number of photons. The decay time
of scintillators is measured by coupling the scintillation with the photosensitive device. Through the scintillation light waveform
sampling and the decay time exponential fitting, we can obtain the decay time of the scintillation. Traditionally the photosensitive
device used to measure the scintillation light have a rise time on the order of ns. In our experiment, an ultra-fast MCP-PMT with
arise time of 100 ps and a transit time spread of 46 ps at single-photon mode was used to be coupled with the Lul.8Y2SiO5:Ce
(LYSO) scintillator and obtain the scintillation light waveforms. The waveform obtained is not a complete scintillation pulse, the
photons in one scintillation event are distinguished and becomes discrete pulses. The results will show the intrinsic decay time of
the LYSO and may be an experimental prove of some scintillator luminescence theory.
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Systematic Study of LED Stimulated Recovery of Radiation Damage in Opti-
cal Materials
Authors: Burak Bilki!; Kutlu Kafiian ~~{iahbaz?; Mehmet Tosun?; Haris Dapo3; +/Bafiilar kaya4; melike kaya5

! Beykent University (TR), The University of Iowa (US)
2 Beykent University (TR)
3 TARLA
4 Ankara +/iiniversitesi
5 Ankara University
Corresponding Author: kutlusahbaz@gmail.com

The radiation damage in optical materials, mostly manifest as the loss of optical transmission, recovers to some extent in the
presence of natural light, and at a faster rate in the presence of stimulating light. On the other hand, the systematic study of the
dynamics of the recovery as a function of the stimulating light parameters such as its wavelength, intensity and exposure duration
and method has not been performed in detail.

We established an LED recovery station which provides pulsed and continuous light at various wavelengths at custom geometries.
The study starts with the irradiation of optical samples at various gamma doses at a rate of 87.5 Gy/min. The optical transmittance
of the samples are then measured in 200 nm - 2000 nm range for an extended period of time.

Here we report on the details of the irradiation and recovery setups, and the results of recovery from radiation damage under
different light exposure mechanisms.
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High-quality aerogel Cherenkov radiators recently developed in Japan
Author: Makoto Tabata!

1 Chiba University
Corresponding Author: makoto@hepburn.s.chiba-u.ac.jp

Japan,Ads KEK laboratory started developing silica aerogels as a Cherenkov radiator around 1980. The high-energy physics
group at Chiba University began aerogel R&D ~15 years ago, collaborating with KEK. Improving aerogel transparency enables
the design of state-of-the-art ring-imaging Cherenkov (RICH) detectors. This study was first motivated by the radiator R&D for
the Belle II Aerogel RICH (ARICH) detector. The technology was later transferred to the HELIX RICH and EMPHATIC ARICH
detectors. In parallel, ultrahigh- and ultralow-refractive-index aerogels were developed for filling the gap in available indices for
the identifications of low- and high-momentum particles, respectively. These were and will be employed in the ongoing and
future hadron experiments in Japan and for the EMPHATIC beam identification counters at Fermilab and the NASA HELIX
balloon payload in Antarctica. We report the latest results from the aerogel R&D and ongoing applications to threshold-type and
RICH counters.
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Radiation Damage and Recovery Mechanisms in Scintillating Fibers

Authors: Burak Bilki!; James William Wetzel?; Yasar Onel?; Emrah Tiras®; David Winn#; N ilay Bostan®; Ohannes Kamer K./ SSeyan2

1 Beykent University (TR), The University of lowa (US)

2 University of Iowa (US)

3 Jowa State University

4 Fairfield University (US)

3 University of lowa

Corresponding Author: james.william.wetzel @cern.ch

Optical scintillating O~Abers lose their transparencies when exposed to radiation. Nearly all studies of radiation damage to
optical O"Abers so far only characterize this darkening with a single period of irradiation. Following the irradiation, O~Abers
undergo room temperature annealing, and regain some of their transparencies. We tested the irradiation-recovery characteristics
of scintillating fibers in four consecutive cycles.
In addition, three optical scintillating O”Abers were irradiated at 22 Gy per minute for over 15 hours, and their transmittance

were measured each minute by pulsing a light source through the O Abers. Here, we report on the in-situ characterization of the
transmittance vs radiation exposure, allowing future applications to better predict the lifetime of the scintillating O”Abers.
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Measurement of Light Yield, Timing and Radiation Damage and Recovery of
Common Plastic Scintillators

Authors: Burak Bilki'; Yasar Onel?; James William Wetzel?; Emrah Tiras®; David Winn#; Ohannes Kamer K/ Bseyanzg Nilay Bostan®

U Beykent University (TR), The University of lowa (US)
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Corresponding Author: yasar.onel@cern.ch

PEN and PET (polyethylene naphthalate and teraphthalate) are common plastics used for drink bottles and plastic food containers.
They are also good scintillators. Their ubiquity has made them of interest for high energy physics applications, as generally
plastic scintillators can be very expensive. However, detailed studies on the performance of the scintillators has not yet been
performed.

At various tests, we measured the light yield and timing properties of PEN and PET with Fermilab and CERN test beams. We
also irradiated several samples to varying gamma doses and investigated their recovery mechanisms. Here we report on the
measurements performed over the past few years in order to characterize the scintillation properties of PEN and PET and discuss
possible future implementations.
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Development of an Argon Light Source as a Calibration and Quality Control
Device for Liquid Argon Light Detectors

Authors: Burak Bilki!; Mehmet Tosun?; Kutlu Kafiian ~~{iahbaz?

! Beykent University (TR), The University of lowa (US)
2 Beykent University (TR)
Corresponding Author: mehmet.tosun@cern.ch

The majority of future large-scale neutrino and dark matter experiments are based on liquid argon detectors. Since liquid argon
is also a very effective scintillator, these experiments also have light detection systems. The fact that none of the existing
photodetectors alone is sensitive to the liquid argon scintillation wavelength of 127 nm leads to the development of specialized
light detectors, mostly based on wavelength shifters. The effective calibration and quality control of these newly developed
detectors is still a persisting problem.

In order to respond to this need, we developed an argon light source which is based on plasma generation and light transfer
across a MgF2 window. The light source is designed as a small, portable and easy to operate device to enable the acquisition
of performance characteristics of several square meters of light detectors. Here we will report on the development of the light
source and its performance characteristics.
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Upgrade of Belle II ARICH detector

Author: Rok Pestotnik!
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Sergio Gomez Fernandez #; David Sanchez Gonzalo #; Andrej Seljak
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5 University of Ljubljana
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Corresponding Author: rok.pestotnik @cern.ch

Aerogel RICH currently identifies charged particles in the Belle II spectrometer. Cherenkov photons, emitted in the aerogel
radiator are detected by single-photon Hybrid Avalanche Photon sensors working in a 1.5 T magnetic field and occupying an
area of 4.5 m?. By 2030 the Belle II will reach its design goal of 50 ab™! and the HAPD performance will degrade. The upgrade
of the spectrometer to extend its operation will thus require replacement of the ARICH photo-sensors. Silicon photomultipliers
are one of the candidates. Due to its sizeable dark count rates and their sensitivity to neutrons , Al we expect fluences of up to
5 x 10'2 n/cm? - such a device requires to read out the signals in a narrow time window of several ns, requiring optimized SiPM
design and high integration with the read-out electronics. In the presentation, we will present a SiPM module design, a study of
single-photon detection capabilities of irradiated SiPMs and read-out FastIC chip.
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Developing the high-performance DIRC detector for the future Electron-Ion
Collider

Author: Greg Kalicy'
Co-author: Nilanga Wickramaarachchi !

' cua
Corresponding Author: kalicy @cua.edu

The Electron-Ion Collider (EIC) will be the next frontier project of nuclear physics in the United States. Excellent particle
identification (PID) is one of the key requirements for the EIC central detector. A radially compact PID system using the
Detection of Internally Reflected Cherenkov light (DIRC) principle is a very attractive solution to meet these requirements.
The R&D program performed by the EIC PID collaboration (eRD14) is focused on developing the innovative high-performance
DIRC (hpDIRC) that would extend the DIRC pion/kaon separation power well beyond the state-of-the-art to 3 standard deviations
or more up to at least 6 GeV/c. Key components of the hpDIRC are a 3-layer compound lens and small pixel-size photo-sensors.
This contribution presents major developments in the hpDIRC R&D program, with a focus on developing and validating the
radiation-hard focusing optics, and the preparation of the hpDIRC prototype program with a Cosmic Ray Telescope and particle
beams.
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WITHDRAWN - Spectroscopic-based particle discrimination in Ar gas
Authors: Vicente Pesudo Fortes'; Edgar Sanchez Garcia?; Pablo GARCIA ABIA3; Diego Gonzalez Diaz*; Luciano Romero?; Rodrigo Lopez-
Manzano®; Juan J 084/© Marty/#nez Morales?; Roberto Santorelli?

! Centro de Investigaciones Energ+/©ticas Medioambientales y tecnol\/>gicas (CIEMAT)

2 Centro de Investigaciones Energ+/©ti cas Medioambientales y Tecno

3 CIEMAT

4 Universidade de Santiago de Compostela (ES)

We performed a time-resolved spectroscopic study of the VUV/UV scintillation in argon gas as a function of pressure and electric
field, with a wavelength sensitive detector operated with different radioactive sources. Distinctive features of the argon light are
evidenced, which are in contrast with the general assumption that the scintillation is mainly monochromatic at 128 nm.

Our work opens new paths toward novel particle identification techniques based on the spectral information of the scintillation
light. This technique is complementary to the ones currently used in dual phase TPCs and offers new ways to reduce significantly
the background leakage. The results of our R&D on this novel particle discrimination technique will be presented in this talk
along with future plans for large-scale detector applications.
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A new high voltage cable feedthrough concept for future dark matter and
neutrino experiments
Authors: Luca Pagani'; Hanguo Wang?; Emilija Pantic'; Yi Wang?; Xiang Xiao*
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S UCLA
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Physics experiments featuring liquid noble gas time projection chambers are becoming larger in scale. Consequently, their high
voltage (HV) requirements have increased as well, making conventional design HV feedthrough (FT) impracticable. A new
concept for a HV cable FT usable in cryogenic environment is presented. It features a co-extruded multi-layered coaxial cable
fabricated with a single material and relies on the ability to develop a plastic material with tunable resistivity.
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Wavelength-Shifting Performance of Polyethylene Naphthalate Films in a Liq-
uid Argon Environment

Author: Ryan Dorrill!
Co-author: Bryce Littlejohn 2

U Fermi National Accelerator Laboratory
2 [llinois Institute of Technology
Corresponding Author: dorrilll @gmail.com

Liquid argon is commonly used as a detector medium for neutrino physics and dark matter experiments in part due to its copious
scintillation light production in response to its excitation and ionization by charged particle interactions. As argon scintillation
appears in the vacuum ultraviolet (VUV) regime and is difficult to detect, wavelength-shifting materials are typically used to
convert VUV light to visible wavelengths more easily detectable by conventional means. Here we present the results of recent
investigations into the wavelength-shifting and optical properties of polyethylene naphthalate (PEN), a proposed alternative to
tetraphenyl butadiene (TPB), the most widely-used wavelength-shifter in argon-based experiments.
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Optical Model for Large Area Photomultipliers of JUNO and Other

Author: Yaoguang WANG !

U Institute of High Energy Physics, CAS, Beijing, 10049, China
Corresponding Author: wangyaoguang@ihep.ac.cn

Photomultipliers (PMTs) are widely used in scintillation and Cherenkov detectors for their great performances on photon
detection. For example, the Jiangmen Underground Neutrino Observatory (JUNO) will use “18,000 20-inch PMTs in its central
detector to achieve an unprecedented energy resolution of 3%/,a6(E(MeV)). A key parameter of PMT is its detection efficiency
(DE), which will be strongly influenced by the optical processes in PMT including: (1) Reflection between external medium and
PMT bulb. (2) Reflection, absorption and transmission on its anti-reflective coating and photocathode, in which interference effect
happens. (3) Multiple reflection inside PMT. Based on multilayer thin film theory, experimental tests and Geant4 simulations,
a PMT optical model has been established for the 20-inch PMTs used in JUNO, including the NNVT MCP-PMT and the
Hamamatsu dynode PMT. In this talk, the PMT optical model and its related experimental tests will be introduced.
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Characterisation of Hamamatsu SiPM for cosmic muon veto detector at ICHEP

Author: mamta jangra™No
Co-authors: Mandar Saraf '; Gobinda Majumder !; Satyanarayana Bheesette ; S.S Upadhya !

! Tata Institute of Fundamental Research, INDIA
Corresponding Author: mamtajangra894 @gmail.com

A miniature version of ICAL experiment at the India-based Neutrino Observatory, mini-ICAL is running at Madurai, India. A
Cosmic Muon Veto detector on top of mini-ICAL is going to be made with extruded plastic scintillators with embedded WLS
fibers to propagate light and SiPM as photon transducers. A test setup is built to characterise the SiPM along with the muon
detection efficiency of the scintillator detector. The SiPM will be calibrated using LED source, but also alternate calibration
procedure using radio-active source as well as noise data is also tested as alternate procedures. The SiPM is operated at various
overvoltage (Vov) to choose the operational Vov by optimising the muon detection efficiency and noise rate. The muon position
along the length is measured using timing information on both sides of the fibre. These results along with specific characteristics
of SiPM, e.g. after pulse, cross-talk, recovery time etc will be presented in this talk.
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Silicon Geiger Hybrid Tube (SiGHT) for future rare event search experi-
ments

Author: Yi Wang!

U IHEP, Beijing
Corresponding Author: yi.w@cern.ch

The Silicon Geiger Hybrid Tube (SiGHT) is a novel photosensor designed for future generations of rare event search experiments
using noble liquids. The idea is to replace conventional multi-dynode photomultiplier tubes (PMTs) with a hybrid technology,
consisting of a low temperature sensitive bi-alkali photocathode for conversion of photons into photoelectrons and a low dark
count Silicon Photomultiplier (SiPM) for photoelectron signal amplification. SiGHT can achieve ultra low internal radioactivity,
high quantum efficiency and stable performance at low temperatures, which are required features for direct dark matter search and
neutrinoless double beta decay experiments. The R&D work of SiGHT, as well as the fabrication and test of the first prototype,
will be presented.
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Simulation of Charge Sharing Effects in 70 —um Pixelated CdTe Sensor

Authors: Jakub Jirsa!; Miroslav Havranek?; Jir0/# ] akovenko?

U Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Czech Republic, Faculty of Electrical Engineering
Czech, Technical University in Prague, Czech Republic

2 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Czech Republic
3 Faculty of Electrical Engineering Czech, Technical University in Prague, Czech Republic
Corresponding Author: jakub.jirsa@cern.ch

Pixel detectors are an integral part of medical imaging, particle physics, and many other research areas. Sensors are made from
various types of materials such as GaAs, Si, CdTe. Current research tends to use CdTe as X-ray sensors due to its high absorption
coefficient in the X-ray spectrum. With decreasing size of pixels, charge diffusion causes charge sharing between neighboring
pixels. That decreases the spatial and spectral resolution.

This study simulated the effects of charge diffusion in a 2 mm thick 70 —um pixelated CdTe. We created a sensor model with an
array of 5 x 5 pixels, and we simulated the propagation of e-h pairs generated upon absorption of a gamma photon. Based on
the simulation outcome, we calculated the total charge distribution between neighboring pixels, and we estimated the dynamic
range in electrons of the analog front-end amplifier. Finally, we created a Verilog-A sensor model, which is to be used for analog
front-end design.

Funding information:
This work was supported by Centre of Advanced Applied Sciences CZ.02.1.01/0.0/0.0/16-019/0000778, co-financed by the European
Union.
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Study on the properties of a multi-anode MCP-PMT and cross-talk suppres-
sion
Authors: Ziwei Li!; Ming Shao?; Xin Li3; Ping Chen*

Lusrc

2 Univ. of Sci. and Tech. of China

3 University of Science and Technology of China (CN)

4 Xi’an Institute of Optics and Precision Mechanics
Corresponding Author: liziwei @mail.ustc.edu.cn

We studied the performance of a MCP-PMT with 2 X 2 matrix anode pixels fabricated by Xi’an Institute of optics and precision
mechanics of CAS. The test result shows that the gain of the MCP-PMT remains stable up to 1 x 10”. And the time resolution
of single photoelectron (SPE) is better than 60ps (o). The Cross-talk phenomenon among adjacent pixels which deteriorates
the high time performance was also studied. We have developed an electronic model to explain its generation mechanism and
suppress the crosstalk-over-signal amplitude ratio from 20% to lower than 5%. Furthermore, this mechanism has a universality
that can also be applied in other multi-anode MCP-PMT Hamamatsu R10754.
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Mechanical Design of Multi-PMTs for IWCD

Co-author: Thomas Hermann Lindner !

U TRIUMF (CA)
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We will be using approximately 500 multi-PMTs (mPMTs) as the photosensors for the Intermediate Water Cherenkov Detector
(IWCD), a new near detector for the approved Hyper-Kamiodande experiment that will be built by 2025. The IWCD mPMT
design has nineteen 3” PMTs enclosed in a water-tight pressure vessel, along with the associated electronics. The 3” PMTs
provide excellent spatial imaging of the neutrino-induced Cherenkov light ring. This talk will focus on the mechanical design of
the mPMT. In particular, we will describe the design of the UV transparent acrylic domes and how we use gel to optically couple
the dome to the PMTs. We will also summarize results from several mPMT prototypes, as well as the IWCD plans for mass
production of mPMTs.
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Status of 20-inch PMT Instrumentation for the JUNO experiment

Author: Zhonghua Qin’

U Institute of High Energy Physics, China
Corresponding Author: qinzh@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose neutrino experiment. The primary physics goal
of JUNO is determination of the neutrino mass ordering by detecting the reactor antineutrinos. There will be 20000 20-inch
PMTs equipped for JUNO, including 15000 MCP PMTs from NNVT company and 5000 dynode PMTs from Hamamatsu
company. To achieve the designed energy resolution of 3% @ 1MeV, the PMTs need to have high detection efficiency, high
optical coverage, and low failure rate during the operation of JUNO. How to instrument these PMTSs, including performance test,
waterproof potting, implosion protection and installation, was extensively studied in the past several years. By now, the design of
the instrumentation methods has been finalized, and mass production has started. Moreover, some parts of the instrumentation
work have been finished or close to be finished now. In this talk, the current status of the JUNO 20-inch PMT instrumentation
will be introduced.
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The MCP based Large Area PMTs for Neutrino Detector

Author: Sen Qian!

U Institute of High Energy Physics, CAS
Corresponding Author: gians@ihep.ac.cn

The large scalar neutrino detectors (JUNO, HyperK), need the 20 inch area PMTs as the photo-detection device for their large
photocathode coverage and less electronic channels. In 2009, the researchers at IHEP have conceived a new concept of large area
PMTs, of which the small MCP units replace the bulky Dynode chain. After several years R&D, the 20 inch MCP-PMT was
successfully produced. This type of PMT has large sensitive area, high QE, and large P/V for good single photon detection. The
JUNO ordered 15000 pic 20 inch MCP-PMTs in Dec.2015. Then, from 2017 to 2020, all the 20-inch PMTs will be produced and
tested one by one in the company for JUNO. This presentation will talk about the R&D, the mass production and batch test result
of the 15K pieces of MCP-PMT prototypes for JUNO. Further more, another Flower-liked MCP-PMT will also be introduced.
This new type of 20 inch MCP-PMT designed with the TTS less than 5ns, has already be used in the LHAASO project in China.
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Coincidence time resolution of ultrafast photomultiplier tube coupled with
LYSO crystal

Authors: Lishuang Ma!; Sen Qian2

! Chinese Academy of Sciences (CN)
2 Institute of High Energy Physics,CAS
Corresponding Author: lishuang.ma@cern.ch

This manuscript aims to use two ultra-fast photomultiplier tubes (FPMT) coupled with Lu1.8Y2Si05:Ce (LYSO) crystals to
perform a coincidence time resolution (CTR) test applied to Time of Flight- Positron Emission Tomography (TOF-PET). The
FPMT used in this work refers to a Micro Channel Plate-PMT(MCP-PMT) with rise time of 100ps, TTS of 46ps in a single
photon mode. The scintillation light waveform of the LYSO crystal appears “separated” when it is detected by the FPMT. At
the same time, it is found that the setting of the timing threshold has a greater impact on the results of the time resolution. The
waveform processing algorithm is optimized by interpolation, and the acquired waveform is processed by the method of aspect
ratio timing. The whole test is carried out under the radiation background of 22Na, the sigma of CTR measured by LYSO crystal
coupled with FPMT is 40ps. This result is not regarded as the final test result, follow-up work will continue to optimize this
result.
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Test and Simulation of FPMT with single chip MCP

Authors: Qi Wu'; Sen Qian?

! Institute of High Energy Physics
2 Institute of High Energy Physics,CAS
Corresponding Author: wuqi @ihep.ac.cn

Abstract: Micro-channel plate photomultiplier tube (MCP-PMT) is a kind of photosensitive device with single photon detection
capability and great time resolution, which is also called Fast-PMT (FPMT). The MCP is the electron multiplier structure and
in order to achieve single photon detection, two layers of MCPs are always used together. Due to the new-generation particle
accelerators with high energy and luminosity, the time resolution of the detector is more important than single-photon detection.
The single-MCP-FPMT is expected to have a greater time resolution. Based on the CST STUDIO SUITE, the single-chip-FPMT
model was built and relative structure parameters are changed to see the performance change of the model including the gain,
transit time, transit time spread and rise time. At the same time, two single-chip FPMTs samples produced by North Night Vision
Tech. Co. in China are tested thoroughly in our laboratory and the performance evaluation results are given.
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Super-Kamiokande PMT characterizations using artificial magnetic field and
robotic laser-equipped arms

Author: Vincent Gousy-Leblanc!
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Corresponding Author: vincentgousyleblanc@uvic.ca

Super-Kamiokande (Super-K) is a neutrino detector located in Japan. Its research program includes search for proton decay and
measurement of neutrino oscillations among others. It contains “11,000 20 inches photomultiplier tubes (PMTs) surrounding a
massive tank filled with 50 ktonne of ultra-pure water. A detailed understanding of the PMTs and their response to environmental
effects, is necessary for a precise understanding the detector and consequent reduction of systematic uncertainties. This is also
a very important contribution towards the future Hyper-Kamiokande detector which will be instrumented of “40,000 PMTs,
helping realize the best design and monitoring needed to achieve maximum sensitivity of the experiment.

I will present the measured non-uniformity of the PMT used in Super-K as well as the effects of the magnetic field on the PMT
parameters. I will also describe the recent facility upgrades implemented to improve the accuracy and reproducibility of the
measurements.

Sensor Posters: Photodetectors / 658

Photomultipliers as High Rate Radiation-Resistant In-Situ Sensors in Future
Experiments
Authors: David Winn!; Yasar Onel?

U Fairfield University (US)
2 Physics and Astronomy Department
Corresponding Author: david.winn@cern.ch

New compact PMT have rate capability >300MHz, able to survive "GigaRad radiation doses, and time resolution <50 ps. This
study investigates high gain quartz window metal envelope compact multi-anode photomultipliers as direct in-situ light and
particle sensors. In addition to the Cerenkov light generated in the quartz window (or as coupled to Cerenkov or scintillator
tiles), the photomultiplier dynodes in-situ in hadron or e-m showers generate signals from ionizing particles traversing the PMT
dynodes. The dynodes have smaller sensitivity to mips(minimum ionizing particles), but low momentum, low energy particles
penetrating the PMT cause secondary emission electrons (SEe) at higher efficiency than mips, due to higher dE/dx in the dynodes,
forming a dual-readout correction to an energy signal as combined with Cerenkov signal. PMT with metal envelopes and quartz
windows have been shown to survive GigaRads. Shielded to <1T, PMT are in-situ calorimeter sensors and beam taggers.
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2 Saha Insititute of Nuclear Physics
Corresponding Author: ghoshsayan7 @gmail.com

As a precursor to setting up a Dark Matter (DM) direct search experiment involving scintillators at low temperatures, we have
investigated the change in characteristic properties of the photon readout channel. Silicon Photomultiplier (SiPM), known for its
high gain, miniature size, and low mass was studied. Leakage current of SiPM was found to have sensitive dependence on the
temperature and also a shift in the operating bias was observed. Photon response to a temperature-stabilized light-emitting diode
(LED) pulsar was used to study the SiPM bias compensation as a function of temperature, from ambient to about 30 K. We find
that the voltage compensation, though reported to be linear within a small temperature range, is fairly nonlinear when operated
over such a wide temperature range. Using the voltage compensation data, we have studied the temperature dependence of the
light output of some doped and un-doped scintillators which can serve as potential detectors for direct DM search.

Funding information:
Department of Atomic Energy, Government of India.
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HIPeR: High channel Integration Picosecond Readout - An integrated read-
out solution for Large Area Picosecond Photo Detectors

Author: Isar Mostafanezhad!
Co-authors: Kurtis Nishimura ; John Stahoviak !; Ryan Pang I Luca Macchiarulo 2; Michael Minot 3; Cole Hamel 4; Satya Butler 1. Mark Popecki

' Nalu Scientific, LLC
2 Nalu scientific LLC
3 Incom Inc.
4 Incom, Inc.
Corresponding Author: kurtisn @phys.hawaii.edu

The transit time spread timing performance reported for Large Area Picosecond Photo Detector (LAPPD,N¢) is often limited
by the speed of cost-effective readout electronics, rather than the actual timing of the detector device itself. In this paper, an
electronic board is presented that integrates a high-speed low-cost waveform sampling ASIC directly onto readout boards that
can be located at the detector, or, in the case of LAPPD, coupled directly to the bottom of the detector, able to acquire time
synchronized waveform data locally and promptly export a reduced data set, including charge, position and accurate timing
information. The readout AARDVARC waveform digitizing chip with a sample rate of up to 14 GSa/s and a timing resolution
below 5 ps is used as a scalable building block.

We describe the HIPeR board and the first measurements while coupled with a LAPPD, N, its performance, as well as the
advantages in terms of flexibility of acquisition modes (triggered, streaming).

Funding information:

DOE SBIR DE-SC0020706
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A thermal model for low-temperature TeO, calorimeters read out by NTD
thermistors

Author: Simone Quitadamo!
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Corresponding Author: simone.quitadamo @gssi.it

Reaching a complete understanding of thermal signal pulse formation in low-temperature calorimeters can contribute to the
improvement of their performance, both in the identification of low energy events and in the optimized choice of geometry and
materials for future experiments.

We performed dedicated measurements with TeO» crystals read-out by Ge-NTDs hosted in copper and PMMA holders.
Analyzing the data at different temperatures (from 10 to 30 mK), we identified the main physical parameters which determine
the thermalization processes. The different materials of the two holders strongly affect how the calorimeters are linked to the
thermal bath, playing a crucial role in the resulting shape and characteristic times of the thermal pulses, which are different for
the two frames. We are developing a model able to describe and predict the pulse shapes in terms of the thermal capacities and
conductances of the different systems. Current results are encouraging.

Funding information:
GSSI (Gran Sasso Science Institute), INFN (Istituto Nazionale di Fisica Nucleare)
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Latest developments and characterisation results of DMAPS in TowerJazz
180nm for High Luminosity LHC

Author: Leyre Flores Sanz De Acedo!
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Rijnbach 6. Patrick Moriishi Freeman ?; Petra Riedler 3; Philip Patrick Allport 10. Roberto Cardella !'; Tomislav Suligoj 12. Valerio Dao 3; Walter
Snoeys 3

U University of Glasgow (GB); 2 University of Oxford (GB); > CERN; * University of Zagreb (HR); > EPFL - Ecole Polytechnique Federale Lausanne
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Birmingham (UK); ' Universite de Geneve (CH); \2 University of Zagreb;

Corresponding Author: leyre.flores.sanz.de.acedo@cern.ch

The last couple of years have seen the development of Depleted Monolithic Active Pixel Sensors (DMAPS) fabricated in
TowerJazz 180nm with a process modification to increase the radiation tolerance. While many of MAPS developments focus
on low radiation environment, we have taken the development to high radiation environment like pp-experiments at High
Luminosity LHC. DMAPS are a cost effective and lightweight alternative to state-of-the-art hybrid detectors if they can fulfil the
given requirements for radiation hardness, signal response time and hit rate capability. The MALTA and Mini-MALTA sensors
have shown excellent detection efficiency after irradiation to the life time dose expected at the outer layers of the ITK. Our
development focuses on providing large pixel matrixes with excellent time resolution (<2ns) and tracking. This talk will discuss
characterisation results of the DMAPS devices with special focus on the new MALTA?2 sensor and will show the path of future
developments.
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New Photon Trap Design proposed for next-generation neutrino telescopes

Authors: koun choi'; Carsten Rott?
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Corresponding Author: kounchoi @hawaii.edu

We propose a photon trap designed for improved photon detection efficiency in a cost-efficient way. A Wavelength Shifting
plastic sheets (WLS) are deployed at the bottom of a PMT, surrounded by dichroic film by which photons are efficiently trapped
and guided to the PMT. We measured wave-length dependent transmittance of a commercially available dichroic film in water, a
key variable determining photon trapping efficiency. We ran a Geant4 based simulation with the property of the commercially
available dichroic film as a realistic case. We also studied an ideal case with a hypothetical dichroic film whose bandpass is
optimized to absorption and reemission spectra of the WLS and the quantum efficiency of the PMT. The preliminary results of
the photon collection and detection efficiency enhancements are computed, as well as timing distribution of the photons. We

discuss how this new conceptual design can be applied to next-generation neutrino telescopes.
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New beam test results of 3D pixel detectors constructed with poly-crystalline
CVD diamond

Authors: William Trischuk'; Harris Kagan?

U University of Toronto (CA)
2 Ohio State University (US)

Corresponding Author: william.trischuk @cern.ch

Detectors based on Chemical Vapor Deposition (CVD) diamond have been used successfully in beam conditions monitors in the
highest radiation areas of the LHC. Future experiments at CERN will to accumulate an order of magnitude larger fluence. As a

result, an enormous effort is underway to identify detector materials that will operate after fluences of >10"{16}/cm™2.

Diamond is one candidate due to its large displacement energy that enhances its radiation tolerance. Over the last 2 years the
RDA42 collaboration has constructed 3D CVD diamond pixel detectors that use laser fabricated electrodes to enhance radiation
tolerance. We will present beam test results of these devices. The cells in these detectors had a size of 50—um x 50—um with
columns 2.6—um in diameter ganged in 1 x 5 and 3 x 2 patterns to match the ATLAS and CMS pixel read-out electronics. In

beam tests, a tracking efficiency of 99.3% was achieved. The efficiency of both devices plateaus at a bias voltage of 30V.
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Performance Studies of the ATLASpix HV-MAPS Prototype for Different
Substrate Resistivities

Author: Jens Kroeger!

U Ruprecht Karls Universitaet Heidelberg (DE)
Corresponding Author: kroeger @physi.uni-heidelberg.de

The ATLASpix_Simple is a high-voltage monolithic active pixel sensor (HV-MAPS), which was initially designed as a candidate
for the ATLAS ITk Upgrade and the CLIC tracking detector. In this contribution new results from test-beam campaigns with
inclined tracks are presented, in which the performance is compared for different substrate resistivities and the active charge
collection depth is determined. These findings are complemented by laboratory energy calibrations using fluorescent x-rays.
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Development of AC-LGADs for large-scale high-precision time and position
measurements
Authors: Hartmut Sadrozinski'; Simone Michele Mazza'; Abraham Seiden'; Bruce Andrew Schumm!; Eric Ryan?; Yuzhan Zhao®; Heyi Ren?;
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U University of California,Santa Cruz (US)
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9 Universita e INFN Torino (IT)

10 INFN - National Institute for Nuclear Physics

' Fondazione Bruno KEssler

12 FBK Trento
Corresponding Author: ejryan@ucsc.edu

We present measurements on AC-LGADs (aka Resistive Silicon Detectors RSD), a version of LGAD which has shown to provide
spatial resolution on the few 10,Ads of micrometer scale. This is achieved by un-segmented (p-type) gain layer and (n-type)
N-layer, and a di-electric layer separating the metal readout pads. The high spatial precision is achieved by using the information
from multiple pads, exploiting the intrinsic charge sharing capabilities of the AC-LGAD provided by the common N-layer.
Using focused IR-Laser scans directed alternatively at the read-out side and the bias side, the following detector parameters
have been investigated in RSD produced by FBK: sheet resistance and termination resistance of the n-layer, thickness of the
di-electric, doping profile of the gain layer, and pitch and size of the readout pads.

The data are used to recommend a base-line sensor for near-future large-scale application with need for precision timing and
position resolution (e.g. EIC)

Funding information:
This work was supported by the United States Department of Energy, grant DE-FG02 04ER41286
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Measurement results of IHEP-IMEv1 low gain avalanche devices and IHEP-
IMEvV2 sensor design for ATLAS HGTD

Authors: Mei Zhao!; Tao Yang1 : Kewei Wu!; Xuewei Jia!; Mengzhao Li'; Zhijun Liang1 : Xin Shi!; Joao Barreiro Guimaraes Da Costa’

1 Chinese Academy of Sciences (CN)
Corresponding Author: mei.zhao@cern.ch

Low- Gain Avalanche Detector (LGAD) with time resolution better than 50ps has been choose as the sensors for HGTD project
and have so far been developed by several institutes. This talk will show the measurement results about 50um thick IHEP-IMEv1
LGAD sensors designed by the Institute of High Energy Physics (IHEP) and fabricated by Institute of Micro Electronics (IME).
Beta source measurement results show that the time resolution of IHEP-IMEv1 sensors are better than 40ps and the collected
charges are larger than 20fC before irradiation. The properties of IHEP-IMEv1 sensors fulfill the required specifications of
sensors before irradiation for ATLAS HGTD project. Performance of the sensors after irradiation will also be shown. Furthermore,
this talk will show the second version of sensor design for 15,/615 sensor arrays, especially simulation results of process
parameters for gain layer implantation which will be optimized for the sensors to meet irradiation requirements of the project.
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Modeling Radiation Damage to Pixel Sensors in the ATLLAS Detector

Authors: Clara Troncon!; Eric Ballabene?

U Milano Universita e INFN (IT)
2 University/1 degli Studi e INFN Milano (IT)

Corresponding Author: eric.ballabene @cern.ch

Silicon pixel detectors are at the core of the current and planned upgrade of the ATLAS detector at the Large Hadron Collider
(LHC). As the closest detector component to the interaction point, these detectors will be subjected to a significant amount
of radiation over their lifetime: prior to the High-Luminosity LHC (HL-LHC), the innermost layers will receive a fluence of
1-5 1015 1 MeV neq/cm?2 and the HL-HLC detector upgrades must cope with an order of magnitude higher fluence integrated
over their lifetimes. Simulating radiation damage is critical in order to make accurate predictions for current future detector
performance. A model of pixel digitization is presented that includes radiation damage effects to the ATLAS pixel sensors for the
first time. In addition to a thorough description of the setup, predictions are presented for basic pixel cluster properties alongside
early studies with LHC Run 2 proton-proton collision data.

Page 160



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Sensor Posters: SS Position / 423

RDS53 wafer testing for the ATLAS ITk pixel detector

Authors: Jens Weingarten] ; Francisca Munoz Sanchez?

! Technische Universitaet Dortmund (DE)
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Corresponding Author: mark.standke @cern.ch

RDS53 is the research and development group at CERN, responsible for developing and producing the next generation of readout
chips for the ATLAS and CMS pixel detector upgrades at the HL-LHC. Its most recent development, ITkPix is the first full-scale
65 nm hybrid pixel-detector.

ITkPix consists of more than one billion transistors with a high triplication ratio in order to cope with the high particle and
therefore radiation density at the heart of ATLAS. A failure of chips at the heart of ATLAS is problematic. Therefore, thorough
testing before and during the production phase is necessary.

For this purpose, Bonn has developed bdaq, a fast and versatile simulation, testing and analysis environment, making small-and
large-scale testing for ITkPix possible. This talk will give an overview over the testing environment, while focusing on large
scale wafer testing results to evaluate ITkPix, Ads fitness for its deployment at the HL-LHC.
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Characterization of RDS3A pixel modules with passive CMOS sensors

Authors: Franz Glessgenl; Malte Backhaus!; Florencia Canelli?; Yannick Manuel Dieter®; Jochen Christian Dingfelder3; Tomasz Hemperek3;
Fabian Huegging4; Arash JofreheiZ; Weijie J in!; Ben Kilminster?; Anna Macchiolo?; Daniel Muenstermann’; David-Leon Pohl3; Branislav Ristic®;
Rainer Wallny'; Tianyang Wang?; Norbert Wermes?; Pascal Wolf*

VETH Zurich (CH)
2 Universitaet Zuerich (CH)
3 University of Bonn (DE)
4 University of Bonn
3 Lancaster University (GB)
6 IPA - ETH Z\/°rich
Corresponding Author: franzg @student.ethz.ch

Both the current upgrades to accelerator-based HEP detectors (e.g. ATLAS, CMS) and also future projects (e.g. CEPC, FCC)
feature large-area silicon-based tracking detectors. We are investigating the feasibility of using CMOS foundries to fabricate
silicon radiation detectors, both for pixels and for large-area strip sensors. The availability of multi-layer routing will provide the
freedom to optimize the sensor geometry and the performance, with biasing structures in poly-silicon layers and MIM-capacitors
allowing for AC coupling.

A prototyping production of strip test-structures and RD53A compatible pixel sensors was recently completed at LFoundry in
150nm CMOS process.

This presentation will focus on the characterization of pixel modules, studying the performance in terms of charge collection,
position resolution, hit efficiency with measurements performed in the laboratory and with beam tests. We will report on the
investigation of RD53A modules with 25x100mm2 cell geometry.
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Passive CMOS Strip Sensors with Multiple Stitching

Authors: Ulrich Parzefall'; Marta Baselga?; Leena Diehl'; Ingrid-Maria Gregor®; Tomasz Hemperek*; Jan Cedric Honig'; Sven M/§gdefessel’;
Arturo Rodriguez Rodriguez'; Surabhi Sharma?; Dennis Sperlich!; Tianyang Wang*; Liv Wiik-Fuchs'

U Albert Ludwigs Universitaet Freiburg (DE)
2 Deutsches Elektronen-Synchrotron (DE)
3 DESY & Bonn University
4 University of Bonn (DE)
3 University Freiburg
Corresponding Authors: ulrich.parzefall @cern.ch, arturo.rodriguez.rodriguez@cern.ch

Two current issues with Silicon particle sensors are the high cost, making them a cost driver, and the limited availability from only
a few manufacturers. Most CMOS foundries are equipped for producing small chips only. To obtain larger sensors as required in
strip trackers, reticles have to be connected by stitching. In our study, passive strip sensors were developed in p-CMOS 150
nm technology on a 150 [U+F8FF]udam thick wafer and produced by a European manufacturer. Stitching of up to 5 different
reticles was used. Sensors were characterised on probe stations and then tested in the lab with Sr-90 sources and IR-lasers. We
will present position-resolved signal measurements to evaluate the sensor performance. Results from 2 batches of sensors are
shown in this study, with an improved backside processing on the 2nd batch of sensors to enhance the HV performance of the
initial batch. We are able demonstrate that the sensors perform well and stitching does not show negative effects.
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Performances of the latest FBK UFSD production

Authors: Marta Tornagol : Roberta Arcidiacono!; Marco Costa!; Valentina Sola!; Marco Ferrero! ; Marco Mandurrino?; Federico Siviero!; Matteo
V Meth MilanesioN°"®; Maurizio Boscardin®; Giovanni Paternoster*; Giacomo Borghi5 ; Matteo Centis Vi gnali(); Gian-Franco Dalla Betta’; Luca
Menzio%; Omar Hammad Ali®; Amedeo Staiano!; Francesco FicorellaNone
Co-author: Nicolo Cartiglia °

U Universita e INFN Torino (IT)

2 INFN

3 FBK Trento

4 Fondazione Bruno KEssler

5 Fondazione Bruno Kessler

% FBK

7 INFN and University of Trento

8 University/t degli Studi di Torino

9 INFN Torino (IT)
Corresponding Author: marta.tornago @cern.ch

Ultra-Fast Silicon Detectors (UFSD) are sensors based on the LGAD technology and designed to achieve concurrent precise
timing and position measurements.

In the past 5 years, an intense R&D program has been carried out at FBK-Trento to optimize the design of UFSD, exploring
specific features such as the gain layer design, radiation hardness, time resolution, production uniformity, and interpad distance.
In this contribution, we present results on the above points from the latest FBK production, UFSD3.2. UFSD3.2 consists of 19
wafers of different thicknesses, from 25 to 55 micron, with shallow and deep gain implants, co-implanted with different carbon
doses to maximize radiation hardness.
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ARCADIA: sensor development and chip design for low-power, large area
FD-MAPS

Authors: Lucio Pancheri!; on behalf of the ARCADIA collaborationNone

U University of Trento and TIFPA-INFN

Corresponding Author: lucio.pancheri @unitn.it

The ARCADIA collaboration is developing Fully-Depleted Monolithic Active Pixel Sensors (FD-MAPS) with an innovative
sensor design, providing efficient charge collection and fast timing over a wide range of operational and environmental conditions.
The design targets very low power consumption, of the order of 20 mW cm ™2 at 100 MHz cm ™2 hit flux, to enable air-cooled
operation. In November 2020, the collaboration finalized the first design of a prototype with 1.3x 1.3 cm? active area, consisting
of 512x512 pixels with 25 pwm pitch. This prototype is currently being produced in a first engineering run together with additional
test structures of pixel and strip arrays. In this contribution, we will present the current status of the project and the design of the
first prototype. Additionally, we will discuss ongoing developments with a special focus on ultra-fast timing applications.

Funding information:

INFN
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Test of a prototype Microstrip Silicon Detector for the FOOT experiment

Author: Gianluigi Silvestre'
Co-authors: Benedetto Di Ruzza 2; Giovanni Ambrosi |; Maria Movileanu 1. Keida Kanxheri 3. Mattia Barbanera #; Leonello Servoli !

U Universita e INFN, Perugia (IT)
2 INFN Trieste
3 INFN - National Institute for Nuclear Physics
4 INFN - Perugia
Corresponding Author: gianluigi.silvestre@cern.ch

The FOOT (FragmentatiOn Of Target) experiment aims to measure the fragmentation cross-section of protons into H, C, O
targets at beam energies of interest for hadrontherapy (50,A1250 MeV for H and 50,Ai400 MeV/u for C ions).

Given the short range of the fragments, an inverse kinematic approach requiring precise tracking capabilities in a magnetic
volume has been chosen.

A key subsystem of this experiment will be the Microstrip Silicon Detector, based on 150 um thick single side microstrip sensors.
In this work, we present the results of characterization of the new version of a 64 channel low-noise/low power high dynamic
range readout ASIC and subsequent tests of the first 150 um thick sensor prototype.

A series of tests were also performed to validate a novel “grazing angle” approach, where it is possible to change the track length
below a given strip varying the incoming particle’s incident angle onto the sensor to test the electronics dynamic range without
using high Z ions.
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Test beam measurements of AC-LGAD sensors from HPK and BNL

Authors: Ryan Heller!; Adam MolnarNome
Co-authors: Artur Apresyan 1. Gabriele D’ Amen 2; Gabriele Giacomini 2; Kazuhiko Hara 3; Sayuka Kita 4. Koji Nakamura 5. Alessandro Tricoli 2;

Tatsuki Ueda 3

U Fermi National Accelerator Lab. (US)

2 Brookhaven National Laboratory (US)

3 University of Tsukuba (JP)

4 University of Tsukuba

5 High Energy Accelerator Research Organization (JP)
Corresponding Author: adammolnar @berkeley.edu

Tracking at future hadron colliders will require sensors that achieve precise spatial and temporal resolution simultaneously.
AC-coupled Low Gain Avalanche Detectors (AC-LGADS) are a promising candidate technology, combining the precision timing
achieved in LGADs with highly granular readout. We present results from a 2021 test beam campaign to characterize AC-LGAD
prototypes produced by Hamamatsu and by Brookhaven National Laboratory using the 120 GeV proton beam at Fermilab. In
particular we demonstrate the spatial and time resolutions provided by these sensors, and present a study of key design parameters
that determine the signal properties.
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New Approaches to Fine Granularity Timing Detectors

Authors: Simone Michele Mazza'; Bruce Andrew Schumm!; Carolyn Gee!; Yuzhan Zhao?; Yuzhan Zhao'; Gabriele Giacomini®; Alessandro
Tricoli®; Rafiqul Islam*; Sager Ayyoub™°"; Sujyot Mony’

U University of California,Santa Cruz (US)
2 University of California Santa Cruz
3 Brookhaven National Laboratory (US)
4 Cactus material
> CACTUS materials
Corresponding Author: simone.michele.mazza@cern.ch

A collaboration involving a US National Laboratory (Brookhaven National Laboratory), a private-sector technology company
(Cactus Materials, Inc.) and a University institute (the Santa Cruz Institute for Particle Physics at the University of California,
Santa Cruz) has been working on new approaches to the development of highly-granular timing layers for minimum-ionizing
particle and X-Ray detection. Progress has been made in the design and prototyping of the Deep Junction LGAD, a novel
approach to the implementation of impact-ionization gain in silicon diode detectors that allows for the reduction of the granularity
scale to below 100 microns, while maintaining DC coupling to the readout electrodes. Work is also progressing on high-density
interconnect ("3D Integration") technology geared towards the enabling of commensurate high-density readout of granular
systems. Progress in both of these areas will be presented.
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Quantum Dot Based Scintillators: A New Type of Sensor for Particle Physics

Author: Allan Minns!
Co-authors: Tushar Mahajan 1. Vadim Tokranov !; Michael Yakimov !; Pavel Murat 2; Michael Hedges 3. Serge Oktyabrsky 1

U SUNY Polytechnic Institute
2 Fermi National Accelerator Laboratory
3 Purdue University
Corresponding Author: aminns @sunypoly.edu

Development of semiconductor technology has enabled engineering of ultrafast, high-yield, and radiation-tolerant quantum dot
(QD) based scintillation materials with sub-nanosecond emission time and light yield > 2x10"5 photons/MeV. Such materials
could be very attractive for various HEP applications, particularly for fast timing and low-mass tracking detectors. We present
results on a scintillation detector based on self-assembled InAs QDs grown with molecular beam epitaxy and embedded into
GaAs bulk. The detector consists of a 25 —um thick scintillator with an InGaAs photodiode grown directly on the scintillator.
Signals measured using 5 MeV (E+-particles correspond to a light collection efficiency of "13% with a measured scintillation
time of “500 ps, making this system the fastest high-yield scintillating material reported so far. Furthermore, strong carrier
localization results in a radiation hardness that significantly exceeds that of bulk GaAs.

Funding information:
National Science Foundation under award DMR-1511708637 and the U.S. Department of Energy, Office of Science under Award
Number DE-SC0019031
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CRAB: A Camera Readout and Barium Tagging System R&D for the NEXT
collaboration
Author: Corey Adams'

! Argonne National Laboratory
Corresponding Author: corey.adams @anl.gov

The experimental effort to detect neutrinoless beta decay has shown numerous R&D advancements in the past several years.
One of the R&D lines being explored in NEXT and presented in this talk is that of digitizing tracking information with a
fast optical camera. This would enable a novel direction in the search for neutrinoless double beta decay within the NEXT
collaboration: demonstrating a detector that includes tagging of the daughter Barium ion, from the decay of Xenon136, leveraging
the latest breakthroughs in single molecule florescence. To achieve this, we need to house single-ion Barium detection (via single
molecule florescence) as well as adapt the TPC to hold the electroluminescence (EL) region at high voltage. In this talk, we, A6l
describe the design, status, and early information from the CRAB (Camera Readout and Barium Tagging) system which is under
construction at Argonne National Laboratory, focusing on the fast optical camera.
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Barium capture and identification through bi-color molecular sensors

Author: Pablo HerreroNone
Co-authors: Juan Jose Gomez Cadenas !; Francesc Monrabal 2; Celia Rogero 3

! Donostia International Physics Center (DIPC) (ES)
2 Donostia International Physics Center
3 Material Physics Center

Corresponding Author: pablogfr94 @gmail.com

The next generation of neutrinoless double beta decay searches aims to reach sensitivities in the half-life of the process up to
1028 years. This will require tonne scale detectors with essentially no background in their region of interest. One of the most
promising solutions, which may be implemented by gas or liquid xenon TPCs, is the possibility of tagging the daughter ion
produced in the decay. The NEXT collaboration is currently involved in a intense R&D program based on molecular indicators
able to capture the Ba™™ cation, changing their response when chelated. In this talk I will present one of the NEXT R&D lines,
called BOLD, which proposes the use of fluorescent bicolor indicators (FBI). I will show the latest results based on the spectral
shift of the emission fluorescence of this molecule after Ba*™ capture in dry media. The emission light is then detected by laser
microscopy. I will also detail how this technique can be integrated into a xenon gas detector.
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HeRALD: Dark Matter Direct Detection with Superfluid 4He

Author: Harold Pinckney'

U University of Massachusetts at Amherst
Corresponding Author: hpinckney @umass.edu

HeRALD, the Helium Roton Apparatus for Light Dark Matter, will use a superfluid 4He target to study the sub-GeV dark matter
parameter space. The HeRALD design is sensitive to all signal channels produced by nuclear recoils in superfluid helium: singlet
and triplet excimers, as well as phonon-like excitations of the superfluid medium. Excimers are detected via calorimetry in and
around the superfluid helium. Phonon-like vibrational excitations eject helium atoms from the superfluid-vacuum surface which
are detected by adsorption onto calorimetry above the surface. I will discuss the design, sensitivity projections, and ongoing
R&D for the HeRALD experiment. In particular, I will present an initial light yield measurement of superfluid helium down to
approximately 50 keV.
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R&D on Microwave Transparent Thermal Insulation for the Project 8 Neu-
trino Mass Experiment
Author: Arina Telles!

! Yale University

Corresponding Author: arina.telles@yale.edu

Project 8 aims to measure neutrino mass by detecting radiation from single electrons. The operating principle is to observe tritium
beta decay in a uniform magnetic field, which causes the emitted electron undergo cyclotron motion and radiate. Measuring the
radiation frequency yields the electron’s energy spectrum, which in turn encodes the neutrino mass. For the current R&D phase,
the detector design is a vessel of gaseous molecular tritium viewed by an antenna array in a 1 T medical MRI magnet. Detection
is challenging because an electron emits <1 fW at ~26 GHz in this field, motivating antenna operation at very low temperatures.
However, the thermal requirements differ significantly for the tritium, introducing a tension between RF transparency and thermal
shielding between the source and detector. This motivates the design of insulation that is transparent to the microwave signal. In
this talk, I will discuss potential solutions and our progress towards their realization.

Funding information:
This work is supported by the US DOE Office of Nuclear Physics, the US NSF, the PRISMA+ Cluster of Excellence at the University
of Mainz, and internal investments at all institutions.
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Performance of semi-insulating metal-semiconductor-metal GaN prototype
devices as ionizing radiation detector

Author: Elizabeth George'
Co-authors: Pradeep Sarin 2; Ravindra Singh 3; Apurba Laha 3

! Department of Physics, Indian Institue of Technology Bombay

2 Department of Physics, Indian Institute of Technology Bombay

3 Department of Electrical Engineering, Indian Institute of Technology Bombay
Corresponding Author: elizabeth14 @iitb.ac.in

We describe the fabrication and characterization of semi-insulating GaN devices for the detection of ionizing radiation with
applications in high radiation environment. We present the DC characterization and the signal response from Am-241 (E=£-source
of such device. The detector prototypes show up to 80% charge collection efficiency with bias voltages as low as -40V. Wide band
gap semiconductors like synthetic diamond, GaN, SiC have gained immense importance in the field of charged particle detection
due to their low intrinsic noise and high radiation tolerance. We have made interdigitated metal-semiconductor-metal(MSM)
device on a 3—um thick GaN layer epitaxially grown on sapphire substrate by MOCVD technique. We employed Ni/Pt/Au
metal stack for Schottky contact with finger width of 4—um, spacing of 8—um and finger length of 120—um. Details of the
experimental setup for fabrication and characterization will be presented.
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Strategies for reducing the use of greenhouse gases from particle detectors
operation at the CERN LHC experiments

Authors: Beatrice Mandelli!; Roberto Guida!; Mara Corbetta?; Gianluca Rigoletti2

' CERN
2 Universite Claude Bernard Lyon I (FR)
Corresponding Author: beatrice.mandelli@cern.ch

A wide range of gas mixtures is used for the operation of the gaseous detectors at the CERN LHC experiments. Some gases, as
C2H2F4, CF4, C4F10 and SF6, are greenhouse gases (GHG) with high global warming potential and therefore subject to a phase
down policy.

The reduction of GHG emissions is of paramount importance for CERN, which has identified four different strategies.

The first strategy is based on the optimization of the gas mixture recirculation plants already in use. The second approach is the
recuperation of used gas mixtures followed by separation of the GHG for its re-use. Several R&D are ongoing to evaluate this
possibility and prepare the design of final systems. A third approach is making use of industrially available solutions for disposal
of GHGs. Finally, the search of new eco-friendly gases is object of many R&D programs by the detector communities.

The four strategies will be compared by considering investment required, return benefit and technological readiness.
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TPC Development by the LCTPC Collaboration for the ILD Detector at ILC

Author: Jochen Kaminski'
Co-author: On behalf of the LCTPC Collaboration

! University of Bonn (DE)
Corresponding Author: jochen.kaminski@cern.ch

An extensive research and development program for a ILC TPC has been carried out within the framework of the LCTPC
collaboration. A Large Prototype TPC in a 1 T magnetic field, which allows to accommodate up to seven identical Micropattern
Gas Detector (MPGD) readout modules of the near-final proposed design for the ILD detector at ILC, has been built as a
demonstrator at the 5 GeV electron beam at DESY. Three MPGD concepts are being developed for the TPC: Gas Electron
Multiplier, Micromegas and GridPix. Successful test beam campaigns with different technologies have been carried out between
2014 and 2019. Fundamental parameters such as transverse and longitudinal spatial resolution and drift velocity have been
measured. In parallel, a new gating device based on large-aperture GEMs have been produced and studied in the laboratory. In
this talk, we will review the track reconstruction performance results and summarize the next steps towards the TPC construction
for the ILD detector.
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Development of a GridPix X-ray polarimeter

Author: Markus Gruber!
Co-authors: Klaus Desch !; Jochen Kaminski !; Leonie Richarz !

U University of Bonn (DE)
Corresponding Author: markus.gruber@cern.ch

In gaseous detectors it is possible to determine the polarisation of an X-Ray beam by tracking photoelectrons which are created
in photoelectric interactions of the photons with the gas molecules. In this interaction the emission angle of the photoelectrons is
correlated with the polarisation plane of the beam.

Depending on the photon energy and on scattering of the photoelectrons on gas molecules the length of the relevant part of the
track is only in the order of a few hundred microns. Thus, a high tracking resolution is needed. This is achieved with the GridPix
- a combination of the highly granular Timepix3 pixel ASIC and a photolithographically postprocessed MicroMegas which holes
are aligned with the pixels of the ASIC.

In this talk I will present the working principle of a GridPix X-ray polarimeter and how it depends on detector parameters as well
as first measurement results. Furthermore, I will give an outlook on our future plans for the development of such a detector., Ad
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Development of high rate capable and ultra-low mass Resistive Plate Cham-
ber with Diamond-Like Carbon

Author: Atsushi Oya'
Co-authors: Kei Ieki 2; Atsuhiko Ochi 3; Rina Onda #; Wataru Ootani 7; Kensuke Yamamoto ©
! University Of Tokyo
2 University of Tokyo (JP)
3 Kobe University (JP)
4 University of Tokyo
5 ICEPP, University of Tokyo
6 The University of Tokyo
Corresponding Author: atsushi.oya@psi.ch
A novel background identification detector is under development for the MEG II experiment, aiming for further sensitivity
improvement in the u© — ey search. This detector needs to detect MIP positrons in a high-intensity low-momentum muon beam
up to 10® /5. Hence, ultra-low material budget and high rate capability are required.
The detector under development is a new type of Resistive Plate Chamber (RPC) with thin-film resistive electrodes based on
Diamond-Like Carbon coating instead of glasses which are widely used in the conventional RPCs. A high efficiency (>90%)

and a good timing resolution (“250 ps) for MIP particles are shown to be achievable with a multi-layer configuration. The
performance measured with prototypes including the high rate capability for low momentum muon beam will be presented.
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NoAmpTPC, a direct read-out of primary ionization electrons for high pres-
sure gaseous TPC

Author: Damien Neyret!
Co-authors: Maxence Vandenbroucke !; Olivier Gevin !; Trakli Mandjavidze 1

! Universit\/© Paris-Saclay (FR)
Corresponding Author: damien.neyret@cern.ch

Time projection chambers read by gaseous detectors are widely used but the gaseous amplification has several drawbacks:
constraints on the gas mixture, energy resolution degradation, ion backflow. The present project proposes to detect directly the
primary ionization electrons without gaseous amplification, for several applications: hydrogen TPC as proton active target, search
for neutrinoless double-beta decays in Xenon, very low ion backflow TPC, etc... Primary electrons will be read by very low-noise

(around 100 electrons) IDeF-X read-out chips developed at CEA Saclay, connected to a read-out plane with an optimized electron
collection.

Different electrode geometries were optimized with Garfield++ simulations. A small-scale prototype TPC as well as new
front-end cards are presently tested with radioactive sources and different gas mixtures. The performance in terms of noise level,
electron collection efficiency, signal to noise ratios, and energy resolutions will be presented.
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Development of Novel Designs of Resistive Plate Chambers
Authors: Burak Bilki'; Jose Olivier RepondZ; Lei Xia?; Yasar Onel®; Mehmet Tosun*

! Beykent University (TR), The University of lowa (US)
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3 University of Iowa (US)
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Corresponding Author: burak.bilki@cern.ch

A novel design of Resistive Plate Chambers (RPCs), using only a single resistive plate, was developed and tested. Based on this
design, prototype chambers of size ranging from 10 cm x 10 cm to 32 cm x 48 cm were constructed and tested with cosmic rays
and particle beams. The tests confirmed the viability of this new approach for calorimetric applications where the particle rates
do not exceed 1 kHz/cm?2, such as CALICE digital calorimeters. The chambers also have improved single-particle response, such
as a pad multiplicity close to unity.

In addition to this development, we probed a new technique to mitigate limitations associated with common RPC gases compatible
with the environment. The technique is based on electron multiplication in a thin layer of high secondary electron yield material
coating on the anode plane.

Here we report on the construction of various different glass RPC designs, and their performance measurements in laboratory
tests and with particle beams.
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Performance of a fast timing micro-pattern gaseous detector for future col-
lider esperiments

Authors: Antonello Pellecchia; Piet Verwilligen1

! Universita e INFN, Bari (IT)
Corresponding Author: antonello.pellecchia@cern.ch

The instrumentation of large areas in experiments at future colliders will require an advancement in the present micro-pattern
gaseous detector technologies, particularly focused for various applications (ranging from muon spectrometers to calorimeter
readout) in sustaining higher expected pile-ups while maintaining good rate capability and space resolution. The development
of the fast timing MPGD is focused at improving the time resolution of current state-of-the-art GEM-based detectors with a
fully resistive structure and a multi-gap geometry. This contribution follows a timeline approach in presenting the design and
performances of the first FTM prototypes realized, with details on the choice, production and coating of resistive materials, the
latest results obtained with laser and cosmic tests and a perspective on the following R&D studies.
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A new readout scheme for RPC and other gaseous detectors
Author: Imad Laktineh!

! Centre National de la Recherche Scientifique (FR)
Corresponding Author: imad.baptiste.laktineh@cern.ch

A new readout scheme allowing the exploitation of Resistive Plate Chamber (RPC) spatial precision while using a limited
number of electronic channels was designed. The new scheme that exploits the spread of the RPC induced charge on several
adjacent inter-connected pads, allows the simultaneous detection of several particles without ambiguity. In this scheme, pads are
connected in rows through buried vias in a genuine way so the charged induced by the passage of one particle is shared among
pads belonging to different directions. The pads of one row are connected to one electronic channel. The position of the particle
is determined by the intersection of the rows associated to the fired pads. PCBs with pads of lozenge shape were produced and
equipped with HARDROC ASICs. They were then successfully tested on detectors in a cosmic bench. To equip large detectors, a
modular electronic board using this scheme was conceived and successfully tested.
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CMS RPC data taking during the CMS Run-2 and activities during Long
Shutdown 2

Author: Kevin Mota Amarilo!
Co-author: CMS Collaboration

U Universidade do Estado do Rio de Janeiro (BR)
Corresponding Author: kevin.mota.amarilo@cern.ch

The CMS experiment collected 162 fb"-1 of proton-proton collision data at sqrt(s)=13 TeV during the Run-2 data taking period
of LHC. The CMS RPC system provided redundant information for robust muon triggering, reconstruction and identification. To
ensure stable data taking, the CMS RPC collaboration has performed detector operation, calibration and performance studies.
After the end of Run-2, it was started the second LHC long shutdown period (LS2), an important opportunity for maintenance and
preparation for the next data taking period (Run-3) and future upgrades (Phase-II upgrade). The activities included, maintenance
of power, gas and online systems. In preparation for Phase-II, gas pipes for future chambers have been installed, as well as
kilometers of service cables (optical fibers, LV/HV cables). In this presentation, the overall performance of the CMS RPC system
during Run-2 period is summarized as well as all the activities done in preparation for future data taking periods.
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A Compact TPC for the sSPHENIX Experiment

Author: Henry Klest!
Co-authors: Thomas Hemmick !; Klaus Dehmelt !; Prakhar Garg 1. Ross Corliss !

1 Stony Brook University
Corresponding Author: henry.klest@stonybrook.edu

The sPHENIX detector to be installed at RHIC in 2022 is designed to precisely measure jets, jet correlations, and dilepton pairs
in heavy-ion collisions. With these measurements in mind, sSPHENIX will employ a compact TPC covering 20cm < r < 78 cm and
| [U+F8FF]uiCl < 1.1 as the central tracker. Utilizing an optimized Ne-CF4 gas mixture, zigzag readout pads, a 1.4T solenoid,
and a modified SAMPA chip for streaming readout, the TPC will provide a position resolution sufficient for measuring target
observables in a high event rate environment. The SPHENIX TPC, with some modifications, could be a mid-rapidity tracking
component in a day-one Electron-Ion Collider (EIC) detector. The design of the TPC will be discussed, as well as test beam data
and applicability to the EIC.
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An experimental study to understand the physics behind charging-up of Gas
Electron Multiplier (GEM)

Author: Vishal Kumar!
Co-authors: SRIDHAR TRIPATHY 2; Supratik Mukhopadhyay ; Nayana Majumdar '; Sandip Sarkar !

! Saha Institute of Nuclear Physics

2 SAHA INSTITUTE OF NUCLEAR PHYSICS

3 Saha Institute of Nuclear Physics (IN)
Corresponding Author: vishalkmrjswl@gmail.com

Charging-up is a phenomenon observed while working with gaseous ionization detector having dielectric. It is comprised of two
processes: the polarization of dielectric due to exposure to high electric field and collection of charges on dielectric surface. Both
these charging-up processes affect the gain of the detector as they change the local field configuration around the dielectric. Here,
we have studied these effects using experimental techniques for a single GEM detector. It is observed that due to polarization
the gain increases following a curve similar to charging-up of a capacitor. However, the radiation charging-up reduces gain
depending on radiation rate. The radiation rate was modified by a) collimators, b) strong and weak sources. As the rate increases
the rate of collection of charges on GEM dielectric accelerates. Its effects are important for experiments where beam current
changes significantly with time and in TPC application which requires gain to be stable over time.

Funding information:
Saha Institute of Nuclear Physics, Homi Bhabha National Institute
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Commissioning and installation of the new small-diameter Muon Drift Tube
(sMDT) detectors for the phase-1 upgrade of the ATLAS muon spectrometer

Author: Elena Voevodina!
Co-author: Muon Collaboration ATLAS 2

U Max-Planck-Institut fur Physik (DE)
2 ATLAS

Corresponding Author: elena.voevodina@cern.ch

The Muon Drift Tube chambers provide very precise and reliable muon tracking and momentum measurement in the ATLAS
spectrometer. They have to cope with very high background counting rates up to 500 Hz/cm?2. At HL-LHC the background rates
are expected to increase by almost a factor of 10. New small (15 mm)-diameter Muon Drift Tube detectors have been developed
to provide higher rate capability and allow for the installation of additional new RPC trigger chambers. Several SMDT chambers
have already been installed and operated in ATLAS. The detailed studies of the muon detection efficiency and track resolution
have been carried out after the assembling of the sMDT detectors in MPI and repeated at CERN after the integration with the
new RPC detectors. The author will describe the detector design, the quality assurance and certification path, as well as will
present the status of sSMDT detectors installation and commissioning in the ATLAS experiment.
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2D charge-sharing readout planes for GEM, uRWELL and other detector
applications

Author: Alexander Kiselev!

Co-authors: Abhay Deshpande ; Bob Azmoun 1. Carlos Perez Lara ; Irakli Mandjavidze 2: Klaus Dehmelt 3; Maryam Kebbiri 4. Maxence Revolle 4;
Maxence Vandenbroucke ; Prakhar Garg 5. Martin Lothar Purschke ©; Stephan Aune ; Thomas Hemmick ; Wenqing Fan 5. Craig Woody 7. Rui De
Oliveira 8; Simon Williams 3; Bertrand Mehl 8; Mickey Chiu 7

! Brookhaven National Laboratory
2 Universit\/© Paris-Saclay (FR)
3 Stony Brook University USA
4 CEA Saclay
5 Stony Brook University
6 Brookhaven National Laboratory (US)
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Corresponding Author: ayk@bnl.gov

Charge sharing technique for various types of 1D (strip) gaseous detectors was applied several times in the past in an ad hoc
fashion with varying results. If realized properly it allows one to reduce the number of instrumented channels, maintain a spatial
resolution several times better than the canonical sigma ~ pitch/,a612 estimate, and eliminate the differential non-linearity in the
detector response. In this talk, novel 2D readout plane designs with these properties will be presented. The spatial resolution for
simultaneous 2D coordinate sampling by interleaved X- and Y-strip structures realized in the active area of the same kapton-based
readout plane for the GEM and uRWELL detector prototypes will be presented. Results obtained with the similar readout
planes for capacitively coupled LAPPDs will be shown. The prospects of replacing traditional pixel arrays by low channel count
XY-strip readout planes with built-in redundancy in single-photon RICH applications will be discussed.

Sensors: Gaseous Detectors / 514

Electroluminescence measurements in He, CF4 and iso-butane mixtures for
directional dark matter searches with the CYGNO Time Projection Cham-
ber

Authors: Fernando Amaro'; Cygno CollaborationN°r®

! LIBPhys - Coimbra University

Corresponding Author: famaro@gian.fis.uc.pt

CYGNO (a CYGNus TPC with Optical readout) fits into the wider CYGNUS proto-collaboration, developing a ton scale Galactic
Nuclear Recoil Observatory with directional sensitivity for Dark Matter searches below the Neutrino Floor and Solar Neutrino
Physics. Located at Gran Sasso National Laboratory (Italy), CYGNO will operate a TPC readout by a Micro Pattern Gaseous
Detector ensuring charge multiplication and electroluminescence (EL) production. The visible component of the EL is collected
by a sub-mm position resolution scientific camera, enabling particle identification and track reconstruction capability, crucial to
measure nuclear recoils direction.

In this work the EL produced in a Gas Electron Multiplier is read by a Large Area Avalanche Photodiode. EL yield, charge gain
and energy resolution in He, CF4 and iso-butane mixtures are measured with low energy X-rays. The inclusion of iso-butane,
with its high H content, will allow to reduce the observable WIMP mass threshold.

Funding information:
“INITIUM” , ERC Consolidator Grant Proposal n. 818744
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Measurement of gas properties in a Spherical Proportional Counter
Author: Philippe Gros!

U Queen’s University
Corresponding Author: pg72@queensu.ca

NEWS-G (New Experiments With Spheres-Gas) is an experiment searching for dark matter using the Spherical Proportional
Counter (SPC) technique. SPCs are low capacitance detectors which allow the detection of gas ionisation with very low (single
electron) thresholds. It consists in a grounded metal sphere with a small sensing anode at the center, creating a radial electric
field.

Using a UV laser, we extract electrons from the sphere surface, which allows a fine calibration of gain, diffusion and drift time of
electrons in the SPC. We also use gaseous " Ar as a uniformly distributed, low energy calibration source. These tools are used
together with simulations to do a detailed characterisation of the detector. We will show in particular results obtained during a

commissioning campaign at the Modane underground laboratory (LSM).
Another contribution to this conference describes the general aspects and goals of the NEWS-G detector.

Sensors: Light-based detectors / 598

A study of self-vetoing balloon vessel for liquid-scintillator detectors

Author: Shuhei Obara!
Co-authors: Koji Ishidoshiro 1 Rikuo Nakamura 2; Sei Ieki 2; Yoshihito Gando 2; Haruo Ikeda 2

! Tohoku University
2 Tohoku Univ.
Corresponding Author: obara.syuhei.astroparticle @ gmail.com

KamLAND-Zen searches for neutrinoless double-beta decay with an ultra-pure liquid-scintillator (LS) filled with a custom-made
clean nylon balloon. The primary backgrounds are radioactive impurities such as uranium and thorium series.

To reduce them, we developed a self-vetoing balloon vessel for a future upgrade program, “KamLLAND2-Zen”, instead of the
current nylon-made balloon.

We selected a Polyethylene-Naphthalate (PEN) film that has a blue photon emission and performed the feasibility studies.
Due to its scintillation properties, we estimated that 99.7% of a <sup>214</sup>Bi background could be identified in the
Kam[LAND.

Moreover, thanks to the different waveforms between the LS and the PEN, we recently established the pulse-shape-discrimination
for <sup>212</sup>Bi background. We evaluated its background rejection efficiency as more than 90%.

Resulting from these studies, we proved to be able to use 100% of the fiducial volume.
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Charged particle identification performance of the TOP counters in Belle 11
Authors: Saurabh Sandilya!; Rok Pestotnik?
Co-authors: Alan Schwartz !; Umberto Tamponi 3. Alberto Gola 4; Rok Dolenec *; David Gascon ©; Samo Korpar ; Joan Mauricio ; David Sanchez
Gonzalo ©; Peter Krizan 7; Alberto Mazzi 8; Andrej Seljak ; Giacomo Borghi #; Sergio Gomez Fernandez ©

U University of Cincinnati

2 Jozef Stefan Institute (SI)

3 INFN - Sezione di Torino

4 Fondazione Bruno Kessler
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8 Center for Materials and Microsystems, Fondazione Bruno Kessler, Trento, Italy
Corresponding Authors: saurabhsandilya @ gmail.com, rok.pestotnik @cern.ch

The Time-Of-Propagation (TOP) counter is a novel ring-imaging Cherenkov detector that primarily consists of a quartz bar
radiator, micro-channel plate photomultipliers and front-end readout electronics. These TOP counters are installed in the central
region of the Belle II detector to provide the crucial information on charged

particle identification (PID). Here we present an overview of PID studies in Belle II, with a focus on the performance of the TOP
detector. The results presented are from the most recent data recorded and show reasonable agreement with expectations based
on simulation studies.
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'""Plans for novel Cherenkov detectors at the Super Charm-Tau Factory at
Novosibirsk"

Author: Avetik Hayrapetyan'
Co-authors: M. D+/°ren 1. M. Schmidt '; A. Yu. Barnyakov 2. V. S. Bobrovnikov 2; S. A. Kononov 2

VI Physikalisches Institut, Justus Liebig-University of Giessen, Giessen, Germany

2 Budker INP. Novosibirsk and Novosibirsk State U., Russian Federation
Corresponding Author: avetik.hayrapetyan @exp2.physik.uni-giessen.de
The future e” et Super Charm-Tau Factory (SCTF) to be built at Novosibirsk will cover an energy range of 2 — 6 GeV. The

projected record luminosity of 10°® cm ~2s™! and the longitudinal polarization of the electrons will enable a wide range of
standard model precision tests and options for the discovery of flavor violating decays beyond the standard model. A 47 detector
with excellent particle identification (PID) required with challenging w/7-separation in the range 0.2 — 1.2 GeV/c. This talk
focuses on two new concepts and the first tests of novel Cherenkov detectors for SCTF, a focusing aerogel RICH (FARICH) and
a focusing DIRC (FDIRC). Both require single-photon detection with good coordinate and timing resolution. The prototyping
for both versions already started at BINP and Giessen. The tests include various photon detectors (MCP-PMT, SIPM, MPPC).

The first results using cosmic muons at the Giessen Cosmic Station are presented.

Sensors: Light-based detectors / 366

The Upgrade II of the LHCb Calorimeter
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Corresponding Author: matteo.salomoni @cern.ch

The LHCb Upgrade 2 will run at a luminosity of (1..2) - 10*cm™2s™! to collect 300 fb~" of data. This will require a major
revision of the LHCb Calorimeter. The increased luminosity will result in very high particle densities and radiation doses in the
central area. The ECAL has to provide high-quality energy and position measurement for electromagnetic showers. One option
for the central part is a sampling scintillation ECAL comprising radiation-hard crystal scintillators with tungsten converter and
organic scintillators with lead converter. Measuring the time of arrival of neutrals with an accuracy of few tens of picoseconds is
crucial to mitigate pile-up. The preferred option is to use the intrinsic time resolution of the ECAL modules. An R&D campaign

started to optimize the ECAL. It includes studies of fast and radiation hard scintillating materials, simulations, and beam tests.

We present the R&D results and the current status of the LHCb Calorimeter upgrade.
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Study on the possibility of neutron gamma discrimination in GAGG crystal
Authors: Lishuang MA'; Sen Qian?; Zhigang Wang?; Lingfeng Zhang*; Hao Guo®

U Institute of High Energy Physics, Chinese Academy of Sciences (CN)
2 Institute of High Energy Physics
3 Chinese Academy of Sciences (CN)
4 Institute of High Energy Physics,CAS
Corresponding Author: lishuang.ma@cern.ch

In this manuscript, we investigated the possibility of cerium-doped galuminum gallium garnet (GAGG: Ce) coupled to an ultrafast
photomultiplier tube (FPMT) to achieve neutron gamma discrimination. The rise time of the FPMT used in this manuscript is
100ps, and the Transit Time Spread (TTS) in single-photon mode can reach 46ps, which can distinguish neutron signals from
gamma signals. Using a high-sampling oscilloscope to sample the FPMT waveform, it was found that the waveform with a

longer decay time was split into a single-photon waveform. And through the rise time, fall time, amplitude, pulse width and other

information to select the waveform combined with pulse shape discrimination method to achieve neutron gamma identification
based on GAGG crystal.
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Performance of Photosensors in High Rate Environment for Gas Cherenkov
Detector
Authors: Chao Pengl ; Junqi Xie!; Sylvester Joosten!; ZEIN-EDDINE MEZIANTI!

! Argonne National Laboratory
Corresponding Author: cpeng@anl.gov

The SoLID project at Jefferson Laboratory will use a light gas Cherenkov detector for electron identification as part of their trigger.
Due to the very high luminosity of the proposed experiments, the expected single-photon background rate is exceptionally high.
It is essential to validate the planned photosensors and readout electronics to determine the limits of these sensors and mitigate
the risk of failure of the trigger. We report on a beam test results with a prototype telescopic Cherenkov device in a high-rate
environment in Hall C at Jefferson Lab. Commercially available multi-anode photomultipliers (MaPMT) and low-cost large-area
picosecond photodetectors (LAPPD) were tested with the JLab FADC250 modules for the data acquisition to assess their
performance in such an environment. The beam test results demonstrate that MaPMT array and LAPPD performed successfully
at an experimental rate up to 190 kHz/cm?.

Funding information:
This work was supported by the U.S. Department of Energy, Office of Science, Office of Nuclear Physics, under Contract No.
DE-AC02-06CH11357
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Compact, Projective and Modular Ring Imaging Cherenkov Detector for Par-
ticle Identification in EIC Experiments
Author: Xiaochun He'

U Georgia State University
Corresponding Author: xhe @gsu.edu

The recent announcement of the construction of an Electron Ion Collider (EIC) at Brookhaven National Lab by the U.S.
Department of Energy makes the reality of a long-sought experimental effort to explore the structure and properties of proton and
nuclei. Particle identification (PID) of the final state hadrons is a key requirement for EIC. A compact, projective, and modular
ring imaging Cherenkov (mRICH) detector has been developed for K/ separation from 3 up to 10 GeV/c and for e/ around
2 GeV/c. The mRICH detector consists of an aerogel radiator block, a Fresnel lens, a mirror-wall and a photosensor plane. The
first prototype of this detector design was successfully tested at Fermilab in 2016 followed with the second beam test in 2018
with much improved optical designs. Two more beams tests are planned in 2021 for quantifying the mRICH PID performance
and new photosensor technology. This talk presents the state of the art of the mRICH development and test results.

Funding information:
Office of Science, US Department of Energy
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An imaging detector for Liquid Argon experiments
Author: Nicolo Tosi'

U INFN Bologna, Bologna (IT)
Corresponding Author: nicolo.tosi@cern.ch

Large volumes of liquid Argon constitute an excellent medium for the detection of neutrino interactions.

As an alternative or a complement to the established readout method based on charge collection, the scintillation light produced
by Argon may allow to reconstruct charged particle tracks by means of an imaging detector. Constructing such a device presents
several challenges: the performance of both photodetectors and conventional optical elements at 128nm is generally poor; a large,
densely packed array of photodetectors and electronics must be operated at cryogenic temperatures; the optical system must
provide deep and wide fields of vision while remaining compact in order to maximize the fiducial volume.

This contribution will present initial steps undertaken in order to reach a functional detector design, with a focus on the simulation
of novel optical systems and the performance of small scale prototypes. The design of a larger system with O(1k) channels will
be presented.

Funding information:
Funding provided by the Italian Ministry of University and Research - PRIN 2017KC8§WMB

Sensors: Light-based detectors / 623

Novel approach to Xenon optical TPCs: the presence of Neutral Bremsstrahlung

Authors: Cristina M. B. Monteiro!; on behalf of NEXT CollaborationNone

U Univercity of Coimbra
Corresponding Author: cristina@gian.fis.uc.pt

We have measured, for the first time in pure Xe, non-excimer-based secondary scintillation, Neutral Bremsstrahlung (NBrS), in a
dedicated setup based on a Gas Proportional Scintillation Counter.

The emission of NBrS by drifting electrons occurs even for electric field values below the gas excitation threshold. We have
shown the presence of NBrS in the NEXT-White TPC, at present the largest optical HPXe-TPC in operation.

Moreover, for field values above 1 kV/cm/bar, as typically employed for electroluminescence (EL), there is consistent evidence
that NBrS is present with an intensity about two orders of magnitude lower than conventional, excimer-based, EL.

Our data show excellent agreement with calculations of NBrS yield.

Despite fainter than EL, in pure xenon, this new source of emission has to be accounted for in Xe optical TPCs and may play an
important role in future single-phase LXe TPCs.

Funding information:

FCT, Lisbon through UID/04559/2020
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Proton light yield of water-based liquid scintillator

Author: Edward Callaghan!
Co-authors: Bethany Goldblum 2. Joshua Brown 3; Thibault Laplace 3. Juan Manfredi 3; Gabriel Orebi Gann *

! University of California, Berkeley / Lawrence Berkeley National Laboratory
2 Lawrence Berkeley National Laboratory
3 University of California, Berkeley
4 UC Berkeley / LBNL
Corresponding Author: ejc3 @berkeley.edu

Future neutrino detectors, whether answering questions of fundamental physics or exercising nuclear monitoring techniques,
will require advanced technologies for optimal performance. One such candidate technology is water-based liquid scintillator
(WbLS), a material for which Cherenkov and scintillation light may be discriminated and examined independently. We present
a measurement of the relative proton light yields of WbLS and an LAB-based liquid scintillator, using a broad-spectrum
neutron source at the 88-Inch Cyclotron at Lawrence Berkeley National Laboratory. A double-time-of-flight technique was
employed, which allows for kinematic reconstruction of the proton recoil energy over a range of 2 to 20 MeV. We also present a
characterization of the nonlinearity in photomultiplier tube response over the full dynamic range of the electronics system.

Sensors: Light-based detectors / 425

Scintillator cubes for 3D neutrino detector SuperFGD

Authors: Sergei Fedotov!; Anna Dergacheval; Anastasia Filik!; Marat Khabibullin!; Alexei Khotjantsevl; Yury Kudenko!; Takuji Arihara?
Co-authors: Svetlana Tereshchenko 3; Aleksandr Boikov 3; Tsunayuki Matsubara 4; Yuri Davydov 3; Hidekazu Kakuno ; Olivier Drapier ©;
Viacheslav Tereshchenko 3

1 INR, Moscow

2 Tokyo Metropolitan University

3 Joint Institute for Nuclear Research

4 High Energy Accelerator Research Organization

3 Tokyo Metropolitan University—t

© Ecole Polytechnique, IN2P3-CNRS
Corresponding Author: sergei.fedotov@cern.ch

A highly granular scintillator detector SuperFGD is under construction to reduce systematic uncertainties in the T2K experiment
in order to improve the sensitivity to CP-violation in neutrino oscillations. SuperFGD will be comprised of about 2x10°6 of
optically isolated small (10x10x10 mm"3) polystyrene based plastic scintillator cubes with three orthogonal holes of 1.5 mm in
diameter. The readout of scintillating light from each cube is provided by three wavelength shifting fibers inserted into three
holes and coupled to micropixel photosensors MPPC,Ads. Cubes are covered by a white chemical reflector for optical isolation.
The technology of making these cubes and their mechanical properties will be reported. Obtained main characteristics with
cosmic muons, temperature tests, and a method of the assembly a large segmented detector will be presented
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Photogrammetry position calibration for water Cherenkov detectors
Author: Nick Prouse!

! TRIUMF
Corresponding Author: nprouse @triumf.ca

The calibration of all parts of water Cherenkov detectors is essential to obtain the precision measurements being pursued in
current and next generation neutrino experiments. The positioning of photosensors within the detector and of calibration sources
used to calibrate the detector may slightly deviate from the design, and these deviations may cause biases in event reconstruction.
Calibrating these positions through direct measurement can allow the related systematic errors to be constrained further than has
been achieved previously. We present a method of position calibration through 3D photogrammetric reconstruction. An overview
of the photogrammetry procedure will be discussed along with motivations, simulation studies and a proof-of-concept analysis
for the detectors of the Super-Kamiokande and Hyper-Kamiokande experiments.
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Preliminary tests of Plastic Scintillator Detector for the High Energy cosmic-
Radiation Detection (HERD) experiment

Author: Andrea Rappoldi'

U Universita and INFN of Pavia (IT)
Corresponding Author: andrea.rappoldi@cern.ch

The High Energy Cosmic Radiation Detection (HERD) facility onboard the future China’s Space Station (CSS) will provide high
quality data on charged cosmic rays and gamma rays in the energy range from few GeV to PeV. HERD will be equipped with a
fine granularity cubic crystals calorimeter and a microstrip Si tracker detector. The entire instrument will be surrounded by a
Plastic Scintillator Detector (PSD) that will be used to discriminate charged from neutral particles in order to correctly identify
gamma-rays and nuclei. One proposed configuration for the HERD PSD consists of tiles of plastic scintillator, optically coupled
to SiPMs. In 2019-2020, two beam tests were performed at CNAO (Centro Nazionale di Adroterapia Oncologica) in Pavia (Italy),
exposing some PSD tiles, equipped with SiPM, to low (E< p and C ion beams in order to evaluate the detector response to heavy
ions. Spatial and temporal resolution were also evaluated using a radioactive source. These results will be presented.
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Simulation of a Compton-pair imaging calorimeter and tracking system for
the next generation of MeV gamma-ray telescopes.

Authors: Davide Serini!; Corrado Altomare?; Leonardo Di Venere!; Nicola Mazziotta! ; Francesco Loparcol : Francesco Giordano3; Roberta Pillera*

! Universita e INFN, Bari (IT)
2 INFN - National Institute for Nuclear Physics
3 INFN
* INFN Bari
Corresponding Author: davide.serini@ba.infn.it

The astrophysical community is currently focusing its efforts in the development of a new generation of gamma-ray telescopes
to detect low-energy photons in the MeV-GeV energy range, operating both in the Compton and pair conversion regimes. The
reconstruction of the incident photons energy and direction is not straightforward, as the range of secondary particles produced
by photon interactions is usually short. We propose a detector consisting of a tracker system based on scintillating fibers and of a
Compton-pair imaging calorimeter made of CsI(Na) crystals coupled to wavelength shifting (WLS) fibers read out by Silicon
Photomultiplier (SiPM) arrays. We have developed a dedicated simulation code to study the performance of this detector. The
simulation takes into account the optical photon production and propagation inside the fibers and is used to optimize the fiber
geometrical and optical properties and the design of the readout system.

Sensors: Light-based detectors / 651

Advances in radiation detectors based on finely-segmented PSD plastic scin-
tillator: from fast neutrons to reactor antineutrinos
Author: Viacheslav Li!

U Lawrence Livermore National Laboratory
Corresponding Author: vli2@hawaii.edu

Pulse-shape discrimination between nuclear and electronic recoil is a powerful technique to improve background rejection in
scintillation detectors.

Until recently, only the liquid form of PSD organic scintillators has been available. The invention of stable plastic PSD scintillators
at LLNL made it possible to envision a new class of radiation detectors. The plastic form is advantageous over liquid as one
can machine segments into any shape without the need for any non-scintillating containment material. We have been designing
and testing a variety of thin segmented detectors, utilizing silicon photomultiplier (SiPM) arrays as an optical readout. If
doped with Li-6, the scintillator becomes sensitive to thermal neutrons; thus, capable of detecting reactor antineutrinos via the
inverse-beta-decay (IBD) reaction. This has been the primary focus of our research, to develop the Segmented AntiNeutrino
Directional Detector (SANDD).

Funding information:
LLNL-ABS-819231. This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.
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Scintillation light detection in the long-drift ProtoDUNE-DP liquid argon
TPC

Author: Clara Cuesta Soria!

' CIEMAT
Corresponding Author: clara.cuesta@cern.ch

ProtoDUNE-DP is a 6x6x6 m3 liquid argon time-projection-chamber (LArTPC) operated at the Neutrino Platform at CERN in
2019-2020 as a prototype of the DUNE Far Detector. DUNE is a dual-site experiment for long-baseline neutrino oscillation
studies, neutrino astrophysics and nucleon decay searches. The light signal in these detectors is crucial to provide precise
timing capabilities. In ProtoDUNE-DP, scintillation and electroluminescence light produced by cosmic muons in the LAfTPC
is collected by the photosensors placed up to 7 m away from the point of interaction. The scintillation light production and
propagation processes are analyzed and compared to simulations, improving the understanding of some liquid argon properties.
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Precise liquid argon drift electron lifetime measurement and calibration with
purity monitors for ProtoDUNE-SP LArTPC

Author: Jianming Bian'

U University of California Irvine (US)
Corresponding Author: jianming.bian@cern.ch

DUNE is a next-generation long-baseline neutrino oscillation experiment based on liquid argon TPC (LArTPC) technology. A key
component of calibration for LArTPC is the drift electron lifetime in LAr, which corrects the charge attenuation caused by drift
electrons captured by impurities. A purity monitor is a miniature TPC that measures the drifting electron lifetime. I will discuss
new techniques to significantly improve the charge and electron lifetime measurement of purity monitors at DUNE’s prototype
detector ProtoDUNE-SP at CERN. The improved charge measurement uncertainty reaches below 1%, which is promising to
fulfill the requirement of calibration at DUNE. The purity monitor based electron lifetime measurement has unique importance
for DUNE’s deep-underground far detector calibration, where the cosmic-ray-based calibration is very challenging due to the
low cosmic statistics.
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Liquid Argon Time Projection Chamber Trigger Development with Micro-
BooNE

Author: Daisy Kalra!

U Columbia University
Corresponding Author: dk3172@columbia.edu

The Micro Booster Neutrino Experiment (MicroBooNE) is a Liquid Argon Time Projection Chamber (LArTPC) neutrino
detector at Fermilab that has been collecting data since 2015. It aims to perform (ES2-Ar cross-section measurements, explore the
low-energy excess in the (ES2e spectrum reported by the MiniBooNE experiment and perform a combined search for sterile
neutrino oscillations as part of three LArTPCs that make up the Short Baseline Neutrino Program at Fermilab. Since MicroBooNE
is currently in an R&D phase, it offers a unique opportunity for the implementation and testing of TPC-based triggers as an R&D
towards Deep Underground Neutrino Experiment (DUNE). One of the technical challenges of DUNE that we aim to address
with this study is that of efficient self-triggering of a LArTPC utilizing TPC signal information which will enable searches for
rare processes in the DUNE. This talk will describe the MicroBooNE TPC readout system and ongoing R&D efforts to develop
TPC-based triggering.
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Study of Light Production With A Fifty Liter Liquid Argon TPC

Authors: Burak Bilki'; Francesco Pietropaoloz; Andrea Zani®; Filippo Resnati?; Umut Kose?; Fatma Boran®; Furkan Dolek’; Marta Babicz?; Patrick
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Corresponding Author: burak.bilki@cern.ch

The Deep Underground Neutrino Experiment (DUNE) is the next largest-scale neutrino science and proton decay experiment.
DUNE will consist of large-scale near and far detectors. The core elements of these detector systems are Time Projection
Chambers (TPCs) and light readout systems. Two prototype far detectors were built and operated at CERN Neutrino Platform
and extensive developments are underway for improved and upgrade detectors.
In order to evaluate various design alternatives and validate new concepts of light readout related to both prototype and full-scale
DUNE detectors, we have performed several experiments with a fifty liter liquid argon TPC at CERN. Among the long list of
configurations we probed, study of various wavelength shifters, operation in dual phase mode and Xe and N2 doping under
different scenarios can be listed.

Here we report on the details of the various test campaigns and discuss our findings and their impact on the design and operational
parameters.
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Impact of xenon doping in the scintillation light in a large liquid-argon TPC

Author: Jose Alfonso Soto Oton!

! Centro de Investigaciones Energ/©ti cas Medioambientales y Tecno
Corresponding Author: jose.alfonso.soto@cern.ch

The use of xenon-doped liquid argon is a promising alternative for large pure liquid-argon TPCs. Not only xenon-doped liquid
argon enhances the light production, mitigating the possible suppression due to impurities, but also it increases the wavelength of
the scintillation light, enlarging the effective Rayleigh scattering length and improving the detection uniformity. ProtoDUNE
Dual-Phase is a 300-ton active volume LAr TPC, a prototype for the Deep Underground Neutrino Experiment (DUNE), a
dual-site experiment for long-baseline neutrino oscillation studies, neutrino astrophysics and nucleon decay searches. ProtoDUNE
Dual-Phase took cosmic muon data at CERN with pure liquid argon and with xenon-doped liquid argon for over a year. The
impact of the presence of xenon in the scintillation light and its comparison with the pure liquid argon data will be presented.
These results are of interest to any future large LAr TPCs.

Funding information: . .
The project that gave rise to these results received the support of a fellowship from ,Aula Caixa, At Foundation (ID 100010434). The
fellowship code is LCF/BQ/DI18/11660043.
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The Recoil Directionality (ReD) Experiment

Author: Simone Sanfilippo!
Co-authors: Giuliana Fiorillo 2; Luciano Pandola 3

U INFN Roma Tre
2 INFN Napoli
3 INFN - LNS Catania
Corresponding Author: simone.sanfilippo@roma3.infn.it

Directional sensitivity to nuclear recoils would provide a smoking gun for a possible discovery of dark matter in the form
of WIMPs. Given this potential importance, a new dedicated experiment, ReD (Recoil Directionality), was designed in the
framework of the DarkSide Collaboration. A small dual-phase liquid argon TPC is irradiated with neutrons produced by the
p(Li7,Be7)n reaction at the INFN Laboratori Nazionali del Sud (LNS), Catania, Italy, such to produce Ar nuclear recoils in the
range (20 ,Al 100 keV). Energy and direction of nuclear recoils are inferred by the detection of the elastically-scattered neutron
by a set of scintillation detectors. Furthermore, ReD can be operated to study the response of the TPC to very low-energy nuclear
recoils (in the keV range). In this contribution the latest recents results on the characterization and the optimization of the ReD
LAr TPC will be presented, together with an overview on the forthcoming measurements with a Cf252 neutron source.
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Further studies of unusual slow components in electroluminescence signal of
two-phase argon detector

Authors: Alexander Bondar!; Ekaterina BorisovaZ?; Alexei Buzulutskov?; Egor Frolov3; Valery N osov?; Vladislav Oleynikovz; Andrey Sokolov3

! BudkerINP

2 Budker Institute of Nuclear Physics SB RAS

3 Budker Institute of Nuclear Physics

Corresponding Author: geffdroid @gmail.com

Proportional electroluminescence (EL) in noble gases is used in two-phase detectors for dark matter search to record ionization
signals in the gas phase induced by particle scattering in the liquid phase (S2 signals). The fast component and two unusual slow
components have been previously observed in the EL pulse shapes of a two-phase argon detector, with time constants of about
5 s and 60 ws. The unusual characteristic property of slow components is that their contribution and time constants increase
with electric field. In this work, the slow components have been further studied in a wide range of reduced electric field, varying
from 3 to 9 Td, and for different EL gap thicknesses. The pulse shapes were also studied at different readout configurations and

spectral ranges: using cryogenic PMTs and SiPMs, with and without a wavelength shifter (WLS), in the VUV and visible range.
The results obtained can have practical applications in DarkSide dark matter search experiment.

Sensors: Noble liquid detectors / 655

Commissioning, operation, and early results from the light collection system
of the ICARUS T600 detector at the Short Baseline Neutrino (SBN) Experi-
ment

Author: Andrea Scarpelli'

! Brookhaven National Laboratory
Corresponding Author: andrea.scarpelli@cern.ch

The proposed Short-Baseline Neutrino experiment (SBN) at Fermilab (USA) uses three Liquid-Argon Time Projection chambers
(LArTPCs) located along the Booster Neutrino Beamline (BNB) to search for anomalies in low energy electron neutrino
appearance signals. The ICARUS T600 detector, with its active volume of 760t of liquid Argon, will act as a far detector for the
experiment. During 2021, the detector will transition from commissioning into stable operation using neutrinos from the BNB.
The light collection system of ICARUS deploys 360 Hamamatsu R5912-MOD PMTs, covering one-third of the total internal
surface of the detector, and will have a major role in identifying the neutrino signals and rejecting the cosmic background. This
talk describes the commissioning and calibration of the light collection system and presents the first results obtained from the
commissioning and early operation stages.
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Electronic and nuclear recoil discrimination in xenon TPCs with the PIXeY
experiment

Authors: Vetri Velan!; Eve Bodnia?

U University of California, Berkeley
2 University of California, Santa Barbara
Corresponding Author: vvelan@berkeley.edu

Liquid noble detectors are a critical piece of the international particle physics landscape, and multiple community-led processes
(including the 2020 U.S. BRN for HEP Detector R&D) have identified them as one of our most promising tools for discovering
new physics. In particular, the two-phase liquid/gas xenon time projection chamber is a leading technology for dark matter direct
detection. A crucial part of using this technology is being able to classify energy deposits as nuclear recoils (NR) or electronic
recoils (ER). This allows upcoming experiments like XENONnT and LZ to mitigate ER backgrounds like Rn daughters and pp
neutrinos. I will present an analysis of ER-NR discrimination, using data from the PIXeY (Particle Identification in Xenon at
Yale) experiment. PIXeY was an R&D-scale xenon TPC that operated at drift fields between 50 and 2000 V/cm. The experiment’s
data allows us to study discrimination across this wide range of fields, as well as its dependence on recoil energy.

Sensors: Noble liquid detectors / 709

Light only Liquid Xenon with Silicon Photomultipliers
Author: Liang Xie!
Co-authors: Austin de St. Croix 2; Pietro Giampa 3. Fabrice Retiere !; Simon Viel 3; Bindiya Chana 4. Thomas McElroy 5. Marc-Andr,/©
T/©trault ®; Damian Goeldi 4; Thomas Brunner >; Razvan Gornea 4; Giovanni Signorelli 7; Soud Al Kharusi °
! TRIUMF
2 TRIUMF/UBC
3 SNOLAB
4 Carleton University
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7 INFN Sezione di Pisa
Corresponding Author: austindsc@phas.ubc.ca

The Light only Liquid Xenon experiment (LoLX) is a few cm scale octagon housing of 96 Hamamatsu VUV4 Silicon
Photomultipliers (SiPMs) packaged by group of 4, with radioactive needles ((E<-source Sr-90 or (Ex-source Po-210) in the
centre. The project aims to study light production and transport and the operating of SiPMs in liquid xenon. In the first phase, 22
out of the 24 SiPM groups are covered by 225nm longpass filters blocking the scintillation light, in order to detect the Cerenkov
photons that are several orders of magnitude less abundant that scintillation photons. The current analysis focuses on comparison
between measured external cross-talk (light emitted from SiPM avalanche triggering avalanche in another SiPM) and GEANT4
simulation, to allow characterizing cross-talk photon production, propagation in the chamber and detection. Future development
includes upgrading the sampling electronics to reach sub nano-second timing resolution and repeating measurement with argon.

Page 187



International Conference on Technology and Instrumentation in Particle Physics (TIPP2021)

24-28 May, Virtual

Sensors: Photo-detectors / 384

Mass production and characterization of 3-inch PMTs for the JUNO experi-
ment
Author: Diru Wu!

! Institute of High Energy Physics, Chinese Academy of Sciences
Corresponding Author: wudr@ihep.ac.cn

26000 3-inch PMTs have been produced for Jiangmen Underground Neutrino Observatory (JUNO) by Hainan Zhanchuang
Photonics Technology Co., Ltd (HZC) company in China and passed all acceptance tests with only 15 tubes rejected. The mass
production began in 2018 and elapsed for about 2 years at a rate of "1,000 PMTs per month. The characterization of the PMTs was
performed in the factory concurrently with production as a joint effort between HZC and JUNO. Fifteen performance parameters
were tracked at different sampling ratios, and novel working strategies were implemented to improve quality assurance. This
constitutes the largest sample of 3-inch PMTs ever produced and studied in detail to date. This talk will provide an overview of
the mass production and characterization of the 3-inch PMTs of JUNO.

Sensors: Photo-detectors / 552

The R&D of the Ultra Fast MCP-PMTs for High Energy Physics

Author: Sen Qian!

U Institute of High Energy Physics,CAS
Corresponding Author: gians @ihep.ac.cn

The Micro-Channel Plate (MCP) is a specially crafted microporous plate with millions of independent channels, which have
secondary electron emission capability. The MCP could be used as the electronic multiplier amplifier in the PMTs. There are
two types of MCP Photomultiplier tube (MCP-PMT), large-area electrostatic focusing PMTs (LPMT) and small size proximity
focusing PMTs (FPMT) respectively. The LPMT always used in the large scalar neutrino detector for it, Ads large area efficiency
photocathode. The small size FPMT is widely used in high energy physics for its fast time response, strong anti-interference
ability. The MCP-PMT Collaboration Group in China has successfully research and developed the LPMT for JUNO in 2017, and
plan to research a new type of FPMT with multi-anode readout (4X4, 8X8). We will introduce some design of the FPMTs for the
time measurement, and the performance of the several different prototypes with different readout channels.
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Development of a hybrid single-photon imaging detector with embedded CMOS
pixelated anode

Authors: Massimiliano Fiorini!; Jerome Alexandre Alozyz; Michael Campbellz; Xavi Llopart Cudie?; Angelo Cotta Ramusino!; Nicolo Vladi
Biesuz?

U Universita e INFN, Ferrara (IT)
2 CERN
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Corresponding Author: massimiliano.fiorini @cern.ch

The development of a single-photon detector based on a vacuum tube, transmission photocathode, microchannel plate and CMOS
pixelated read-out anode is presented. This imager will be capable of detecting up to 1 billion photons per second over an area of
7 cm”2, with simultaneous measurement of position and time with resolutions of about 5 microns and few tens of picosecond,
respectively. The detector has embedded pulse-processing electronics with data-driven architecture, based on the Timepix4 ASIC,
producing up to 160 Gb/s data that will be handled by a high-throughput FPGA-based external electronics and data acquisition
system. These performances will enable significant advances in particle physics, life sciences, quantum optics or other emerging
fields where the detection of single photons with excellent timing and position resolutions are simultaneously required.

Sensors: Photo-detectors / 406

Employment of nanodiamond photocathodes on MPGD-based HEP detector
at the future EIC

Authors: Shuddha Shankar Dasgupta!; Triloki Triloki?

VINFN Trieste (IT)
2 Universita e INFN Trieste (IT)
Corresponding Author: triloki.triloki @cern.ch

In high momenta range, the construction of a Ring Imaging CHerenkov (RICH) detector for the particle identification at the
future Electron Ion Collider (EIC) is a complicated task. A compact collider setup imposes to construct a RICH with a short
radiator length, hence limiting the number of photons. The number of photons can be increase by choosing a far UV region,
imposes to initiate a R&D for a novel and robust photo-cathode (PC) material based on nanodiamond particles for a windowless
RICH approach. To characterize The performance of nanodiamond PC coupled to THGEM-based photon detectors is the main
objective of our ongoing R&D.

The first phase of these studies includes the characterization of THGEMs coated with nanodiamont PC, the comparison of the
effective QE in vacuum and in gaseous atmospheres and the aging effects with ion bombardment.

The approach is described in detail as well as all the results obtained so far with these exploratory studies.
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The COMPASS RICH-1 MPGD based photon detector performance

Authors: Stefano Levorato!; Daniele D’Ago2
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Corresponding Author: daniele.d’ago@cern.ch

In 2016 we have upgraded the COMPASS RICH by novel gaseous photon detectors based on MPGD technology. Four new
photon detectors, covering a total active area of 1.5 square m, have been installed in order to cope with the challenging efficiency
and stability requirements of the COMPASS physics programme. The new detector architecture consists in a hybrid MPGD
combination: two layers of THGEMs, the first of which also acts as a reflective PC thanks to Csl coating, are coupled to a bulk
Micromegas on a pad-segmented anode; the signals are read-out by analog F-E based on the APV-25 chip. These detectors are
the first application in an experiment of MPGD-based single photon detectors.

Presently, we are further developing the MPGD-based PDs to make them adequate for a setups at the future EIC collider.All
aspects of the COMPASS RICH-1 Photon Detectors upgrade are presented:R&D, engineering, mass production, QA and
performance and the on-going development for collider application.

Sensors: Photo-detectors / 708

Introducing the Dichroicon, a Spectral Photon Sorter

Author: SAMUEL NAUGLE!
Co-authors: Amanda Bacon !; Tanner Kaptanoglu I Joshua Klein !; Benjamin Land ; Meng Luo 1. Samuel Young 1

! University of Pennsylvania
Corresponding Author: smnaugle @upenn.edu

Many large scale particle detectors use photons as their primary event detection method, usually detecting numbers of photons
and their arrival times. Photons also carry information about an event through their wavelength, polarization, and direction, but
often little to none of this information is utilized. In this talk, we introduce the , Addichroicon,, Al a Winston-style light cone
comprised of dichroic filters which allows detectors to use the wavelength information encoded in photons. The dichroicon
functions as a spectral photon sorter and has a broad range of applications including correction for photon dispersion in large
scale detectors, the discrimination between Cherenkov and scintillation light, and new handles on particle ID. This talk will
present results that quantify the dichroicon’s ability to separate scintillation and Cherenkov light, as well as present simulation
results illustrating the impact of dichroicons in next generation neutrino detectors, specifically THEIA.

Funding information:
Department of Energy, Office of High Energy Physics
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Latest Technological Advances with Microchannel-Plate PMTs

Author: Albert Lehmann'
Co-author: for the PANDA Cherenkov Group

U Friedrich Alexander Univ. Erlangen (DE)
Corresponding Author: albert.lehmann@cern.ch

Since the recent success in solving the long-standing aging issues of MCP-PMTs by applying an atomic layer deposition (ALD)
technique to the MCP pores, these fast and B-field tolerant devices have become very attractive sensors for future experiments.
Moreover, significant improvements in collection (CE) and quantum efficiency (QE) allow a DQE=QE*CE of “30%. The DIRC
detectors of the PANDA experiment at FAIR will be read out by ALD-coated MCP-PMTs in 8x8 and 3x100 anode designs.
The talk will discuss the most recent advances with MCP-PMTs. The status in terms of lifetime, DQE, rate capability, time
resolution, and their behavior in B-fields will be summarized. In a new setup up to 300 anode pixels can be read out simultaneously
allowing a glance “inside the PMT”. Parameters like dark count rates and ion afterpulsing are measurable as a function of
the incident photon position as well as the temporal and spacial spread of recoil electrons and electronic and charge-sharing
crosstalk.

Funding information:
Supported by BMBF, Germany and GSI, Germany
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Recent progress on development of MCP-PMT at Argonne National Labora-
tory

Authors: Jungi Xie!; Sylvester Joosten?; ZEIN-EDDINE MEZIANI?; Chao Peng?; Dean Walters?; Lei Xia?; JUNQI XIE?

! Argonne National Laboratory (US)
2 Argonne National Laboratory
Corresponding Author: jxie@anl.gov

Fast timing photosensors are critical for Nuclear Physics and High Energy Physics instruments. Microchannel plate photomulti-
pliers (MCP-PMT) have compact electron amplification design, providing them with precision timing performance and excellent
magnetic field immunity.

We report the development of MCP-PMTs with low-cost microchannel plates functionalized by the atomic layer deposition (ALD)
technique at Argonne National Laboratory. Multiple photomultipliers were fabricated with different microchannel plate pore
sizes and gap lengths. Their precision timing performance and magnetic field immunity were characterized and compared. To
expedite the application of MCP-PMT for various programs, a 10 x 10cm?® MCP-PMT fabrication facility is under construction
at Argonne to produce larger size, high-performance MCP-PMTs to fulfill R&D needs for various programs.
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Surface passivation of single photon avalanche diodes for enhanced sensitivity
in the vacuum ultraviolet range for liquid noble gas experiments

Author: Fr,/©d+/O©ric Vachon!
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! University of Sherbrooke
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The next Enriched Xenon Observatory (nEXO) is an experiment dedicated to the fundamental study of neutrinos. It searches for
new physics beyond the Standard Model through the observation of the neutrinoless double-beta decay in xenon-136. The design
of the nEXO time projection chamber includes Silicon Photmultipliers (SiPM) as key components to detect the scintillation light
at 175nm, where a photon detection efficiency greater than 15 % is required.

This talk reviews the challenges of VUV direct detection in silicon-based detectors. It presents the prototype of Sherbrooke, Ads
single photon avalanche diodes on which a highly doped and very thin passivation layer is applied in order to prevent surface
dark electron injection while improving the collection of VUV photogenerated carriers. It overviews the fabrication process
challenges with suggestions for a second revision. The impact on the detector, Ads dark noise and photon detection efficiency is
also presented.

Sensors: Photo-detectors / 702

Development of (V)UV-Sensitive GaN Geiger-Mode Photodiodes

Authors: A. Nepomuk Otte'; Minkyu Cho!; Theeradetch Detchprohm'; Russell Dupuis'; Eliza Gazda'; Hoon Jeong'; Mi-Hee Ji'; Marzieh
Noodeh-Bakhtiary!; Shyh-Chiang Shen'; Zhiyu Xu!

! Georgia Institute of Technology
Corresponding Author: nepomuk.otte @ gmail.com

We present results from our ongoing development of Geiger-mode GaN-photodiodes. Motivated by the silicon photomultiplier’s
great success, our objective is to transfer the silicon-photomultiplier concept - a matrix of individually quenched single-photon
avalanche diodes - to GaN and AlGaN. These are wide band-gap III-N semiconductors with much better intrinsic (V)UV
sensitivity than silicon, making them interesting photon-detector materials, for example, to detect scintillation light from liquid
Xe and Ar detectors.

The purity of III-N semiconductor substrates is now sufficiently high to envision single-photon sensitive photodiodes operating in
Geiger mode. And indeed, we successfully fabricated GaN photodiodes and could demonstrate their Geiger-mode characteristics
and single-photon sensitivity.

This presentation will discuss the electrical and optical characteristics of our GaN structures and their implications for developing
a GaN solid-state photomultiplier.

Funding information:

DoE DE-SC0019133
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Fully Integrated CMOS SPAD Array Sensor for Optical Fibre Readout

Authors: Peter Fischer!; Thorben Quast2
Co-author: Robert Zimmermann !

! Heidelberg University
2 Rheinisch Westfaelische Tech. Hoch. (DE)
Corresponding Author: peter.fischer @ziti.uni-heidelberg.de

Various particle detectors use optical fibres for tracking or to bring light from scintillators to photo sensors. In order to detect
the photons, the fibres are typically aligned to arrays of SiPMs and these are read out with dedicated ASICs. We propose a
novel, fully integrated solution based on an array of Single Photon Sensitive Avalanche Diodes (SPADs) fabricated in a CMOS
technology, i.e. combining photo sensors and electronics on the same chip. Our architecture allows assigning the SPADs to
arbitrary groups so that no alignment of the fibres is required. The sensitive area of one group is confined to just the fibre, and
bad SPADs can be masked, so that dark counts are minimised. The low power, data driven architecture delivers a hit multiplicity
and time on a digital output per group. We will present the architecture and measurements obtained with a prototype chip. Our
approach could greatly reduce mechanical complexity and cost of fibre readouts at improved performance.
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External Cross-talk characterization from dark avalanches

Authors: Giacomo Gallina!; Joe McLaughlinz; Fabrice Retiere!

! TRIUMF
2 Royal Holloway University of London
Corresponding Author: joseph.mclaughlin.2018 @live.rhul.ac.uk

This talk presents a characterization of the light emission from dark noise in Silicon Photomultipliers (SiPMs). SiPMs are made
of arrays of ~ 10* single photon avalanche diodes (SPADs) which are known to emit photons during the charge avalanche
process. The spectral shape and emission rates of these photons are crucial data for understanding both external and internal
cross-talk in these devices. This talk will present measurements of the dark noise emission spectra of the Fondazione Bruno
Kessler (FBK) VUV-HD3 SiPM and the Hamamatsu Photonics K.K. (HPK) VUV4 SiPM, using a custom Light Emission and
Injection Microscopy apparatus, for photon wavelengths between 400 — 1050 nm and as a function of over-voltage. Additionally,
we will propose a new theoretical model to infer the source of the dark noise in p-on-n SiPMs. This model shows as dark noise
avalanches in p-on-n SiPMs are hole driven and they cannot be reduced to Shockley-Read-Hall thermal recombination.
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Cryogenic detector system for background-free Muonium observation at tem-
peratures below 200 mK

Authors: Jesse Zhangl; Anna Soter?

' ETH Zurich
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Corresponding Author: zhangje @student.ethz.ch

We are developing a high brightness atomic Muonium (Mu = 4 e™~) beam, amenable to the direct measurement of the gravitational
interaction of ™. The characterization of this source and the prospective gravity experiment require background-free detection
of atomic Mu emitted from the surface of T=200 mK superfluid helium (He-II). We developed the prototype of this detector
based on the tracking of ~50 MeV e from u* decay and the simultaneous measurement of the liberated few-eV atomic e~
The e™ trackers consist of 16 scintillator bars, coupled to silicon photomultipliers (SiPM). The few-eV e~ were first accelerated
to ~8 keV energies in an ion funnel, then left a few photon signal in a SiPM coupled to a scintillator pill. We present here the
cryogenic development of SiPM detectors down to 170 mK for the first time, the temperature dependence of the single photon
detection efficiency and the first test carried out using a surface muon beam at PSI.

Sensors: Photo-detectors / 391

Performances of the SiPMs operated at low temperature for the JUNO - TAO
detector

Author: Simone Sanfilippo!
Co-authors: Andrea Fabbri !; Paolo Montini !; Stefano Mari !; Fabrizio Petrucci !

U INFN Roma Tre
Corresponding Author: simone.sanfilippo@roma3.infn.it

The TAO (Taishan Antineutrino Observatory) near detector of the JUNO (Jiangmen Underground Neutrino Observatory) neutrino
experiment is a ton-level high energy resolution liquid scintillator (LS) Gadolinium-based detector. It will be located at a distance
of about 30 - 35 m from the 4.6 GW core of the Taishan Nuclear Power Plant (NPP), China. The main goal of TAO will be the
measurement of the reactor neutrinos spectrum via the Inverse Beta Decay (IBD) to detect the anti- neutrinos generated in the
core of the NPP. In order to achieve its goal, the TAO experiment will be equipped with about 10 m2 surface of SiPMs (" 95%
coverage) working at -50—co C to lower the dark noise. In this conditions the expected dark counts rate is about 100 Hz/mm?2
with a Photo-Detection Efficiency (PDE) better than 50%. In this talk we will report on the performances of the SiPMs operated
at low temperature for the JUNO - TAO detector, down to about -70—o0 C. The test are running at INFN - Roma Tre, Italy
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Light detection with SiPMs for the nEXO experiment

Authors: Giacomo Gallina'; Fabrice Retiere!

! TRIUMF
Corresponding Author: giacomo.gallina91 @gmail.com

Silicon PhotoMultiplier(SiPM) technology represents an almost ideal solid-state photon detector. For this reason the nEXO
experiment is migrating to a SiPM-based light detection system. nEXO aims to probe the boundaries of the standard model of
particle physics by searching for OvG3 of 136Xe. Decays in the xenon produce both scintillation and ionization. The light flash
is simultaneously detected by an array of SiPMs. In this talk we will present the latest results of the nEXO program for the
detection of the 175 nm scintillation light of liquid Xenon. In particular we will show results for the characterization of a new
generation of VUV sensitive SiPMs (FBK VUV-HD-3) as a possible candidate for the nEXO experiment. Additionally, we will
also show updates on the construction of new characterization setups for the testing of a large SiPM tile and stave and on the
development of a SiPM tile charge readout. Finally, we will report on the status of the nEXO mini-prototype.

Sensors: Solid-state cryogenic detectors / 638

BULLKID: Low-threshold Kinetic Inductance Detectors for neutrino and
dark matter searches
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Neel (CNRS /UJF); 7 University of Ferrara and INFN; 8 CEA - Saclay; 9 Universit\/1 La Sapienza; 10 Universidad de Zaragoza, T Institut Neel
(CNRS / UJF); 12 INFN Roma (IT); '3 CNR IFN; '* Universita e INFN, Ferrara (IT); '3 INFN - Roma; 1'® Sapienza Universit\/t Di Roma
Corresponding Author: angelo.cruciani @romal.infn.it

Cryogenic sensors are used in experiments to detect low-energy nuclear recoils from dark matter or neutrino interactions through
coherent neutrino scattering. Besides the record energy thresholds, the limit of current technologies resides mainly in the scale-up
capabilities.

BULLKID is a R&D supported by INFN. It is developing a new detector concept to reach relatively high target masses with high
granularity, by exploiting the multiplexing capability of Kinetic Inductance Detectors.

The detector unit we are designing consists in an array of, Ad~, Aa100 silicon absorbers sensed by phonon-mediated, microwave-
multiplexed kinetic inductance detectors, with energy threshold below 100 eV and total target mass around 30 g. The single
detector unit will be engineered to ensure a straightforward scalability to a future kg-scale experiment. In this talk we will
describe the challenge and the status of the project.
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Transition-edge sensor based photon calorimeter for the CUPID experiment
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The CUORE Upgrade with Particle ID (CUPID) is a next-generation neutrinoless double-beta decay experiment that will require
cryogenic light detectors to improve background suppression by reading out both the heat and light signals from the scintillating
crystals. In this work, we describe a light detector based on a novel I1/Pt bi-layer transition edge sensor for the first time. We
have performed a systematic study of improving the electron-phonon coupling of the sensor and, thereby, its responsivity. Our
very first devices easily meet CUPID’s timing resolution criteria for rejecting pile-up events. The obtained energy resolution is
close to CUPID’s energy resolution requirement and is at present limited only by excess noise from the cryogenic apparatus. We
will present the characterization and modeling of such detectors and the detector components’ thermal properties. The study will
inform the fabrication of future devices, culminating in the final detector designs.
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Novel Low Workfunction Semiconductors for Dark Matter, Neutrino Phe-
nomena, and Particle Physics
Authors: David Winn!; Yasar Onel?

U Fairfield University (US)
2 Physics and Astronomy Department
Corresponding Authors: david.winn@cern.ch, yasar-onel @uiowa.edu

Weakly bound semiconductor materials, Cs3Sb and Ag-O-Cs (photocathodes), have low electron-hole pair energies=Eg+Ea.These
semiconductors in shapes and volumes could be used as detectors for: (1) low energy depositions, with thresholds as low as “50
eV depositions when cooled to ,a§4—00K(Ag-O-Cs), and (2) applications of Cs3Sb to calorimetry or tracking, with a pair energy
1.8-2 eV, but with far lower thermal noise than Si since Eg”1.6 eV. Progress in Atomic Layer Deposition has been shown to
deliver large area ("m2) films and “few mm thicknesses. Applications of semiconductor detectors with low pair-energy thresholds
range over detecting dark matter interactions, low energy (sub-MeV, coherent) neutrino interactions, neutrino-less double-beta
decay, and neutrino interactions from the cosmos or sun. may result. Cs3Sb and Ag-O-Cs materials are radiation resistant for
high resolution particle flow sampling calorimeters with more ion pairs and mobility larger than Si.
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The Cryogenic Underground Test Facility at SNOLAB

Author: Jeter Hall!
Co-authors: Silvia Scorza '; Wolfgang Rau
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I describe the Cryogenic Underground TEst (CUTE) facility at SNOLAB. The facility includes an operating dilution refrigerator
that can acheive stable operations at 12 mK base temperature. The CUTE facility also includes shielding from ionizing radiation,
both from the SNOLAB ground and from the dilution unit of the refrigerator. There are also technologies to isolate the
experimental stages from vibrations from the laboratory and from the cooling system. The facility is transitioning to a user
facility, and I will discuss the current status and plans to start supporting experiments, as well as device and detector development
in this cryostat that is isolated from the environment.

Sensors: Solid-state cryogenic detectors / 714

Novel Active Noise Cancellation Algorithms for CUORE

Author: Kenny Vetter!
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The Cryogenic Underground Observatory for Rare Events (CUORE) experiment is an ongoing search for neutrinoless double beta
decay located at the Gran Sasso National Laboratory (LNGS) in Italy. Recent work has found that the CUORE calorimeters are
sensitive to acoustic and seismic events originating from outside the detector at LNGS. To measure the effect of these mechanical
disturbances on the calorimeter signals, microphones and accelerometers were installed around the CUORE cryostat. Existing
adaptive algorithms which use auxiliary devices (e.g. accelerometers) to remove microphonic noise from high-purity germanium
detectors may be changed to remove excess noise from low-temperature calorimeters. Here I will present how said changes
can be implemented for noise removal from calorimeters instrumented with neutron transmutation doped (NTD) germanium
detectors or transition edge sensors (TES) and demonstrate how this new adaptive algorithm improves the energy resolution of
these devices.

Funding information:

US Department of Energy Office of Science, Office of Nuclear Physics
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TCAD numerical simulation of irradiated Low-Gain Avalanche Diodes

Authors: Francesco Moscatelli!; Tommaso Croci?; Arianna Morozzi®; Valentina Sola*; Giacomo Borghis; Giovanni Paternoster®; Matteo Centis
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Corresponding Author: francesco.moscatelli@cern.ch

The project 4DInSiDe has the ambitious goal to implement several technological breakthroughs in the fabrication of the Low
Gain Avalanche Diode (LGAD). In this work the results of device-level simulations, carried out with the state-of-the-art Synopsys
Sentaurus Technology CAD (TCAD) tool, of non-irradiated and irradiated LGAD will be presented. In order to have a predictive
insight into the electrical behaviour and the charge collection properties of the LGAD detectors, a radiation damage model has
been fully implemented within the simulation environment. By coupling this numerical model with an empirical model that
describes the mechanism of acceptor removal in the multiplication layer, it has been possible to reproduce experimental data with
high accuracy, demonstrating the reliability of the simulation framework. Indeed the new developed model can be proO~Aciently
applied for predictive insight of the electrical behavior and for the optimization of the design of the detector.

Funding information:
Italian Minister of Instruction University and Research
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Buried Layer Low Gain Avalanche Diodes

Authors: Ronald Lipton1 ; Artur Apresyan1 : Gabriele D’ Amen?; Ryan Heller!; Gabriele GiacominiZ; Marcello Mannelli®; Alessandro TricoliZ; Wei
Chen*; Islam Raﬁqul5

U Fermi National Accelerator Lab. (US)

2 Brookhaven National Laboratory (US)

3 CERN
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5 Cactus Materials
Corresponding Author: ronald.lipton@cern.ch

We report on the design, simulation and test of Low Gain Avalanche Diodes (LGADs) which utilize a buried gain layer. The
buried layer is formed by patterned implantation of a 50-micron thick float zone substrate wafer-bonded to a low resistivity
carrier. This is then followed by epitaxial deposition of a “3 micron-thick high resistivity amplification region. The topside is then
processed with junction edge termination and guard ring structures and incorporates an AC-coupled cathode implant. This design
allows for independent adjustment of gain layer depth and density, increasing design flexibility. A higher gain layer dopant
density can also be achieved by controlling the process thermal budget, improving radiation hardness. A first set of demonstration
devices has been fabricated, including a variety of test structures. We report on TCAD design and simulation, fabrication process
flow, and preliminary measurements of prototype devices.
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Performance of HPK Prototype LGAD sensors for the ATLAS High-Granularity
Timing Detector HGTD

Authors: Hasko Stenzel!; Irena Nikolic?

U Justus-Liebig-Universitaet Giessen (DE)
2 LPNHE Paris
Corresponding Author: irena.nikolic @cern.ch

We report on the layout and performance of Low-Gain Avalanche Detectors (LGAD) produced by HPK as prototypes for the
HGTD in ATLAS. The HGTD is a multi-layer upgrade of the ATLAS detector of total area of 6.4m?2 covering the pseudo-rapidity
region between 2.4 and 4.0 with timing sensors with time resolution of 50 ps, representing the first large scale application of the
LGAD.

Sensors with an active thickness of 50 -um and 35 —um were produced with common masks and different combinations of
doping profile of the gain layer. The power dissipation and breakdown voltage are determined from I-V measurement, doping
profile of the gain layer and the bulk from C-V data. The dynamic properties of the LGAD were determined by charge collection
measurements using laser and charged particles. Samples of the sensors are irradiated with neutrons, protons and gammas
to study the radiation-hardness. The dependence of the gain and of the time resolution on bias voltage and fluences will be
presented.
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Radiation field characterization and particle tracking with Timepix3 in AT-
LAS and MoEDAL

Authors: Benedikt Ludwig Bergmannl; Claude Ler0y2; Declan Garvey3; Eoghan White?; Lukas Meduna'; Petr Burian'; Petr Manek!; Petr
Smolyanskiy*; Stanislav Pospisil®; Thomas Billoud'

! Czech Technical University in Prague (CZ)

2 Universite de Montreal (CA)

3 Institute of Experimental and Applied Physics, Czech Technical University in Prague
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Corresponding Author: benedikt.bergmann@cern.ch

Timepix3 detectors are hybrid pixel detectors (256 x 256 pixels, pixel-pitch: 55 —um) providing simultaneous ToT and ToA
measurement in each pixel with negligible dead time ("475 ns). Ionizing particle interactions in the sensor are seen as tracks
with a rich set of features which can be exploited for particle identification and trajectory reconstruction (even with single layer
setups). The presented contribution describes results achieved with Timepix3 installed in the ATLAS and MoEDAL experiments
at CERN, where they perform real-time measurements of the radiation field composition, 3D particle trajectories and dE/dX
spectroscopy. It is shown that, owing to the continuous operation and their large dynamic range of particle energies and count
rate, Timepix3 detectors allow to study the induced radiation (radiation from radioisotope created during collision periods),
changes in radiation levels during beam injection and particles emanating from the interaction points.
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Silicon Detectors for the LHC Phase-II Upgrade and Beyond ,Ai RD50 Status
Report

Authors: Ulrich Parzefall!; Moritz Oliver Wiehe!

! Albert Ludwigs Universitaet Freiburg (DE)
Corresponding Author: m.wiehe@cern.ch

A large R&D program has been underway to develop silicon sensors with sufficient radiation tolerance for LHC-Phase-II
trackers and the next generation of collision experiments. Key areas of recent RD50 research include new technologies such as
CMOS and Low Gain Avalanche Detectors (LGADs), where a dedicated multiplication layer to create a high field region is
built into the sensor. We also seek for a deeper understanding of the connection between macroscopic sensor properties such as
radiation-induced increase of leakage current, doping concentration and trapping, and the microscopic properties at the defect
level. Another strong activity is the development of advanced sensor types like 3D silicon detectors. We will present the state of
the art in silicon detectors at radiation levels corresponding to LHC-Phase-II fluencies and beyond. Based on our results, we will
give an outlook towards the silicon detectors to be used for particle detectors at future experiments like the FCC.
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First results from thin silicon sensors irradiated to extreme fluence

Authors: Valentina Sola!; Roberta Arcidiacono'; Giacomo Borghiz; Maurizio Boscardin?; Nicolo Cartiglia4; Marco Ferrero'; Simona Giordanengos;
Marco Mandurrino®; Ennio Monteil'; Giovanni Paternoster’ ; Federico Siviero!; Marta TornagoNone
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2 Fondazione Bruno Kessler
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* INFN Torino (IT)
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6 INFN
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Corresponding Author: valentina.sola@cern.ch

In this contribution, we present a new development of radiation-resistant silicon sensors produced by the Fondazione Bruno
Kessler (FBK, Italy). The design of the sensors exploits the recently observed saturation of radiation damage effects on silicon,
together with the usage of thin substrates, intrinsically less affected by radiation. To cope with the small-signal coming from thin
sensors, internal multiplication of the charge carriers will be used. At FBK, Low-Gain Avalanche Diodes (LGADs) have been
produced on 25 and 35 (E°m thick p-type epitaxial substrates: when new, the signal multiplication will occur due to the gain
layer typical of the LGAD design; after irradiation, the loss of gain resulting by the deactivation of the gain layer atoms will be
compensated by the increase of the operating bias. The goal is to prove that the new sensors can efficiently operate up to fluences
of 1E17 1MeV neutron equivalent/cm2.

Funding information:

INFN
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The MIMOSIS pixel sensor

Author: Frederic Morel!

! Centre National de la Recherche Scientifique (FR)

Corresponding Author: frederic.morel @iphc.cnrs.fr

MIMOSIS is a CMOS Pixel Sensor developed at IPHC, Goethe University Frankfurt and GSI for high granularity and large hit
rate capability. These features meet the requirements of the Micro-Vertex Detector of the Compressed Baryonic Matter, a future
experiments at FAIR: spatial resolution of “5 —um, minimum radiation tolerance to 7,/610"13neq/cm—< and 5Mrad, operation
in vacuum, and continuous read-out with 5 —us integration time and 70 MHz/cm—< peak counting rate.

The architecture combines a pixel array derived from the ALPIDE sensor and a novel digital circuitry. The logic in the periphery
regulates the data flow at the output of the pixel array, rating up to 20 Gbits/s, to 2.56 Gbits/s at the sensor outputs, by averaging
the data flow over several integration windows. While allowing for high data rates, the power consumption stays below 50
mW/cm—-<.

This contribution will detail the sensor design and describe preliminary test results of the first full-scale (3.1x1.7 cm—<)
prototype MIMOSISI.
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%atest Results on the Radiation Tolerance of Diamond Pixel and Pad Detec-
ors

Authors: Harris Kalgan1 ; William Trischuk?; Lukas Baeni®

! Ohio State University (US)
2 University of Toronto (CA)
3 ETH Zurich (CH)
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As nuclear and particle physics facilities move to higher intensities, the detectors used there must be more radiation tolerant.
Diamond is in use at many facilities due to its inherent radiation tolerance and ease of use. We will present radiation tolerance
measurements of the highest quality poly-crystalline Chemical Vapor Deposition (pCVD) diamond material for irradiations
from a range of proton energies, pions and neutrons up to a fluence of 2 x 10716 particles/cm™2. We have measured the damage
constants as a function of energy and particle species and compare with theoretical models. We also present measurements of the
rate dependence of pulse height for non-irradiated and irradiated pCVD diamond pad and pixel detectors, including detectors
tested over a range of particle fluxes up to 20 MHz/cm?2 with both pad and pixel readout electronics. Our results indicate the
pulse height of unirradiated and neutron irradiated pCVD diamond detectors is not dependent on the particle flux.
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Optimization of gain layer doping, profile and carbon levels on HPK and FBK
Sensors
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Low Gain Avalanche Detectors (LGADs) are thin silicon detectors with moderate internal signal amplification. LGADs are
capable of providing measurements of minimum-ionizing particles with time resolution as good as 17 pico-seconds. The first
implementation of this technology will be with the high luminosity upgrade at the Large Hadron Collider (HL-LHC). Past
publications have proven the vast improvement in term of radiation hardness of deep gain layer and carbon implantation in
LGAD designs. In this contribution a study will be shown on the tuning of the doping concentration in the deep gain layer of
HPK sensors to optimize the performance before and after radiation damage. Furthermore the effect of the combination of a deep
gain layer and carbon implantation in FBK sensors will be shown alongside an optimization of the carbon concentration level.
Results on electrical properties and charge collection will be shown on pre and post irradiation.

Funding information:
US department of energy

Sensors: Solid-state sensors for tracking / 503

Characterization of carbonated gain implants in Ultra Fast Silicon Detectors
(UFSD) pre- and post-irradiation
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Ultra Fast Silicon Detector (UFSD) is an innovative thin silicon sensor, based on Low Gain Avalanche Diode technology, able
to measure the time of a hit with a temporal precision of “30 ps. The application of this technology in HL-LHC experiments
requires unaltered temporal performances at fluences of the order of 1E15 neq/cm2, making the radiation resistance a key point
of this technology. Past UFSD productions, fabricated by Fondazione Bruno Kessler (FBK), demonstrated the improvement of
radiation hardness when the gain implant is enriched with carbon. In past FBK productions, shallow and deep gain implants have
been enriched with carbon doses from 0.4 to 10 a.u., with the aim of mapping the carbon effect as a function of carbon dose. This
contribution will illustrate how the carbon dose that maximizes the radiation resistance of the gain implant has been identified,
and that, in combination with a deep gain implant, allows to maintain unchanged performances up to 2.5E15 neg/cm?2.

Funding information:
Universit./7 del Piemonte Orientale
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Test-beam and simulation studies for the CLICTD technology demonstrator
- a monolithic CMOS pixel sensor with a small collection diode

Author: Katharina Dort!

! CERN, Justus-Liebig-Universitaet Giessen (DE)
Corresponding Author: katharina.dort@cern.ch

The CLIC Tracker Detector (CLICTD) is a monolithic pixel sensor—ffeaturing pixels of 30 um x 37.5 um and a small collection
diode. The sensor is fabricated in a 180 nm CMOS imaging process, using two different pixel flavours: the first with a continuous
n-type implant for full lateral depletion, and the second with a segmentation in the n-type implant for accelerated charge
collection. Moreover, CLICTD features an innovative sub-pixel segmentation scheme that allows the digital footprint to be
reduced while maintaining a small sub-pixel pitch. In this contribution, test-beam measurements for both pixel flavours are
presented. Their performance is evaluated in terms of time and spatial resolution as well as efficiency. Furthermore, the test-beam
data is compared to simulation studies using a combination of 3D TCAD and Monte Carlo simulation tools.
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Performance of radiation hard 3D pixel sensors for the upgrade of the ATLAS
Inner Tracker

Authors: Stefano Terzo!; Sebastian Grinstein?; Juan Ignacio Carlotto?; Giulio Pellegrini4; David Quirions; Maria Manna®

U IFAE Barcelona (ES)

2 JFAE - Barcelona (ES)

3 The Barcelona Institute of Science and Technology (BIST) (ES)

4 Centro Nacional de Microelectr\/>nica (IMB-CNM-CSIC) (ES)
5 IMB-CNM, CSIC

6 Centro National de Microelectronica - CNM-IMB-CSIC

Corresponding Author: stefano.terzo@cern.ch

The inner detector of the ATLAS experiment will be replaced by a completely new Inner Tracker (ITk) to exploit the performance
of the High Luminosity upgrade of the LHC accelerator (HL-LHC). The new detector will have to operate in an unprecedented
radiation environment. In particular, the hybrid pixel detectors of the innermost layer of the ITk will be exposed to a particle
fluence of about 2e16 neq/cm? before being replaced.

A novel 3D pixel sensor technology featuring thin active substrates and small pixel cells has been selected to instrument the
innermost barrel layer and rings of the ATLAS ITk.

Prototypes of these 3D pixel sensors produced at CNM in Barcelona, Spain have been irradiated with protons and neutrons up to
the radiation doses expected at HL-LHC. Results obtained from the characterisation of 3D pixelated test structures as well as
half-size sensors coupled to the RD53A ASICS prototype for HL-LHC will be presented.
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Exploiting the distributed signal in Resistive Silicon Detectors (RSD, AC-LGAD)
to achieve micron-level spatial resolution
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Resistive Silicon Detectors (RSD, also known as AC-LGAD) are novel n-in-p silicon sensors, based on the LGAD technology,
featuring an unsegmented gain layer that spreads over the whole sensor active area.

The innovative feature of the RSD design is that the signal produced by an ionizing particle is seen on several pixels, allowing the
use of Machine Learning techniques that exploit the information of many read-out channels to predict the particle impact position
with great accuracy. For instance, the spatial resolution of an RSD with 100 (E°m pixels is measured to be less than 2 (E°m.

I will discuss the key aspects of the RSD design and present results on the position resolution of sensors with different geometries,
obtained with a precise laser setup. I will also describe the development and training of the Machine Learning algorithm used to
reconstruct the impact positions. All tested sensors come from the first RSD production (RSD1) produced at Fondazione Bruno
Kessler (FBK, Italy).
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Comprehensive technology study of radiation hard LGADs
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Co-authors: Sebastian Grinstein 2; Lucia Castillo Garcia 3; Victor Coco

' CERN

2 IFAE - Barcelona (ES)

3 The Barcelona Institute of Science and Technology (BIST) (ES)
Corresponding Author: vagelis.gkougkousis@cern.ch

Towards radiation tolerant sensors for pico-second timing, several dopants are explored. Using a common mask, CNM produced
LGADs with Boron, Boron+Carbon and Gallium implanted gain layers are studied under neutron and proton irradiation. With
fluences ranging from lel4 to 6e15 neq/cm? on both species, reported results focus on breakdown voltage-mode, acceptor
removal and gain reduction via electrical characterization. Timing performance, charge collection, gain and relative efficiency
are treated through charged particle measurements, including signal Fourier analysis and noise characterization. An accent is
placed on stability, via dark rate and operating voltage studies while, radiation related gain reduction mechanisms are examined
comparing gain estimations using different approaches. Finally, With data at -10C, -20C and -30C, temperature dependence is
assessed while investigating sensor failure modes under different conditions, including macro- and microscopic inspection.

Funding information:

CERN
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Focus of this RD50 project is the investigation of trap energy levels introduced by radiation damage in epitaxial p-type silicon.
Using 6-inch wafers of various boron doping concentrations (1el13, 1el4, 1el5, 1e16, and 1e17 cm-3) with a 50 =um epitaxial
layer, multiple iterations of test structures consisting of Schottky and pn-junction diodes of different sizes and flavours are being
fabricated at RAL and Carleton University.

Details on the initial fabrication phase of devices on high resistivity wafers will be given. IV and CV scans of test structures have
been performed and cross-checked between institutes, the results of which will be presented.

Samples of both Schottky and pn-junction diodes have been further investigated using Deep-Level Transient Spectroscopy
(DLTS) and Thermal Admittance Spectroscopy (TAS) to characterise trap energy levels in unirradiated devices.

The findings as well as plans for measurements of irradiated samples will be discussed.
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TOPAS Simulations for Estimating 48V Yields of Natural Titanium Foil Irra-
diation

Author: Brittany Broder!
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Natural titanium foils can be used in the production of several medical isotopes, including (E<+ emitter vanadium-48. Due to
its 16 day half-life, vanadium-48 has potential application in long-term monitoring and longitudinal studies. While foils are
often irradiated via solid target system, medical cyclotrons lacking these systems often have components that can be manipulated
for this purpose, such as placing thin foils in a beamstop. In this work, we simulate the irradiation of natural titanium foils via
TOPAS, a Geant4-based Monte Carlo program, calculate the theoretical yield using cross section data from the literature, and
compare the results to the experimental yield of 12 —um foils bombarded in a beamstop with 18 MeV protons via compact
medical cyclotron IBA 18/9 Cyclone. TOPAS results produced a 10% difference compared to experimental results and a 54%
difference compared to theoretical calculations, indicating that factors such as foil angle may have lowered experimental yields.

Funding information:
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hensive Cancer Center
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Gaseous Tracking Detectors at the Sakurajima Muography Observatory
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Muography is a novel imaging technology to reveal density structure of hill-sized objects. The cosmic muons predictably lose
their energy and penetrate hundreds of meters into the ground, thus their differential local flux correlates with the crossed
density-length.

The Sakurajima Muography Observatory in Kagoshima, Japan, is the largest muography experiment targeting an active volcano.
A set of multilayered gaseous detectors are used to reconstruct the muon tracks, thus by measuring the flux, imaging of the inner
part of the vulcano becomes possible.

The presentation will focus on the technical challenges of such a particle

tracking system, the designed multi-wire proportional chambers,

and the recent results from the measurements.
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INSTRUMENTS AND METHODS FOR THERANOSTIC RADIOISOTOPE
PRODUCTION AT THE BERN MEDICAL CYCLOTRON

Author: Gaia Dellepiane’
Co-authors: Pierluigi Casolaro 2. Philipp Daniel Hy/§ffner 2. Isidre Mateu 2; Paola Scampoli 3. Naomi Voeten 2; Elnaz Zyaee I Saverio Braccini 2

! Universit\/§t Bern

2 Universitaet Bern (CH)
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Corresponding Author: gaia.dellepiane @lhep.unibe.ch

Radioisotopes for theranostics are essential for nuclear medicine developments. Their production using solid target stations
is challenging and new instruments and methods derived from particle physics are needed. A research program is ongoing
at the 18 MeV Bern medical cyclotron, equipped with a solid target station and a 6 m long Beam Transfer Line ending in a
separate bunker. To bombard compressed powder pellets, novel target coins were conceived and realized together with methods
to assess the beam energy and the production cross-sections. The EoB-activity is measured with a CdZnTe (CZT) detector. To
accurately assess the properties of the beam, novel non-destructive one- and two-dimensional beam monitoring detectors were
developed. An ultra-compact active irradiation system based on a novel magnetic lens and two-dimensional beam detectors is
under development. Results on Er-165, Tb-155, Ga-68, Cu-61, Cu-64, Sc-43, Sc-44 and Sc-47 production are presented.

Funding information:
This research was partially funded by the Swiss National Science Foundation (SNSF). Grants: 200021_175749 and CRSIIS_180352.
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Stand-alone Low Power Consumption FEE and DAQ for Particle Tracking in
Outdoor Applications

Author: Luigi Cimmino!

Co-authors: Giiulio Saracino 2; Lorenzo Bonechi 3; Roberto Ciaranfi 4; Raffaello D’ Alessandro 4; Paolo Strolin ¥; Vincenzo Masone ©; Mariaelena
D’Errico !'; Fabio Ambrosino 2

U Universita e INFN, Napoli (IT)
2 Universita e sezione INFN di Napoli (IT)
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4 Universita e INFN, Firenze (IT)
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Corresponding Author: cimmino@na.infn.it

We developed a stand-alone DAQ and FEE for low power consumption and outdoor applications. The system can work
autonomously thanks to dedicated algorithms implemented in a embedded system. The FEE, based on the EASIROC chip that
gives the readout of Silicon photomultipliers (SiPMs), digitizes the amplitude of the signals and provides time information with
time of flight capability. Different trigger logics can be programmed and physical and accidental coincidences rates can be
measured. The SiPMs temperature is controlled by thermoelectric cells and, thanks to a network of temperature and humidity
sensors, a real-time software is able to set the optimal operating point, adapting to external conditions and eventually stop and
resume the data acquisition to avoid the damage of the electronics.The system has been tested in several muon radiography
experiments.

Tech Transfer Posters / 383

Investigation of deflection angle for muon energy classification in muon scat-
tering tomography via GEANT4 simulations

Authors: Ahmet Ilker Topuzl; Madis Kiiskz; Andrea Giammanco?

! Catholic University of Louvain

2 University of Tartu

3 Universite Catholique de Louvain (UCL) (BE)
Corresponding Author: ahmet.topuz@uclouvain.be

In muon scattering tomography, the investigated materials are discriminated according to the scattering angle that mainly depends
on the atomic number, the density, and the thickness of the medium at a given energy value. The scattering angles at different
initial energies also provide the opportunity to classify the incoming muons into a number of energy groups. In this study, by
employing the GEANT4 code, we show that the deflection angle exponentially decays with respect to the energy increase, and
the numerical values for the current configuration are below the detector accuracy except the initial energy bins owing to the
low-Z, low density, and low thickness of the current plastic scintillators. This implies the necessity of additional components that
provoke the muon scattering. Therefore, we introduce stainless steel surfaces into the top and bottom sections in order to amplify
the deflection angle as well as to reduce the uncertainty, thereby improving the detector performance.
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Low gas consumption in tracking detectors for outdoor applications
Authors: G/°bor Nyitrai'; Gergasé Hamar?; Dezs~& Varga?

1 Wigner RCP, BME, Budapest
2 Wigner RCP, Budapest
Corresponding Author: nyitrai.gabor@wigner.hu

The tracking detectors of particle physics are facing new demands in applied physics. Muography is in highlight, where tracking
of cosmic muons could reveal the inner structures of geological or archaeological objects. The dedicated R&D shall focus on
portability, robustness against outdoor conditions, low consumption, high tracking efficiency, and cost efficiency. A practical
choice is gaseous detectors, offering excellent tracking efficiency, good position resolution, and low weight. Our group developed
several multi-wire detectors for muography, where the classical MWPC concept was tuned to meet all the former criteria.

Robust and lightweight systems required open-end gas line, meaning continuous gas exhaustion. An application of a proper

buffer tube allows reduced consumption, resulting a 0.12 1/h (3 1/day) gas flow in long term outdoor conditions.
The presentation will focus on the limitations of gas consumption, detailing the measurement series and the results.

Tech Transfer Posters / 452

Optical fiber array to monitor isotope production targets

Author: Samuel Usherovich!
Co-authors: Morgan Dehnel 2. Crystal Penner 1. Cornelia Hoehr !

' TRIUMF
2 University of British Columbia
Corresponding Author: susherovich@triumf.ca

Low-energy cyclotrons are in use worldwide to produce medical isotopes for nuclear medicine. Beam monitoring during the
irradiation of targets is difficult due to the high-power density of low-energy protons, space limitations and interference with the
beam delivery. Doped silica fibers are sensitive to ionizing radiation, and produce radiation induced luminescence (RIL) when
exposed. The fibers can be attached to the outside of the target in a low-profile fiber array, ensuring efficient and safe operation.
We performed proof-of-principle experiments with different dopants and fiber diameter. Our results show that the RIL signature
can be used to track the steering of a proton beam at a medical cyclotron, the beam intensity and the target material, and we are
currently working on the design of a prototype.
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The industrial production and validation of Micromegas boards for the AT-
LAS upgrade.

Author: Filipp Dubinin!
Co-author: Muon Coll. ATLAS 2

! Russian Academy of Sciences (RU)
2 ATLAS
Corresponding Author: filipp.dubinin@cern.ch

The muon system of the ATLAS Experiment is currently undergoing a major upgrade with the replacement of the innermost
detector wheel with new structures (New Small Wheel, NSW) based on resistive Micromegas (MM) and small-strip Thin Gap
Chambers.—

MM covers an active area of about 1280 m2, being the largest system based on Micro—7Pattern Gaseous Detector (MPGD) ever
built so far.—{The key element of the detectors are the anode boards which carry the readout strips, the resistive protection layer
and the insulating pillars supporting the mesh. In total more about 3000 boards, of 16 different types with size up to 40x220 cm2,
are produced by two industries in Europe, which opened the road to MPGD mass production.

The talk will review the technological transfer effort to make the Micromegas board production an industrial process. The main
challenges encountered and the adopted solutions will be presented in detail, together with the results of the QA/QC performed
at CERN.
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Improvement in Material Discrimination Using Muon Momenta Information
in Muon Scattering Tomography
Authors: Sridhar Tripathy!; Prasant Kumar Rout?; Jaydeep Datta™N°"; Nayana Majumdar’; Supratik Mukhopadhyay?

1 Saha Institute of Nuclear Physics
2 Saha Institute Of Nuclear Physics
3 Saha Institute of Nuclear Physics (IN)
Corresponding Authors: tripathysridhar @ gmail.com, prasant.kumar.rout@cern.ch

Muon Scattering Tomography is a major non-destructive technique to discriminate materials by finding deviation in muon tracks
which depends on atomic number (Z) and density (,¢¥) of the target material. Based on scattering parameters obtained from
Geant4 simulation, a Pattern Recognition Method has been devised which is able to distinguish high-Z and low-Z materials
with more than 5 [U+F8FF] iié accuracy [S. Tripathy et al., 2020 JINST 15 P06029]. The scattering angle also depends on the
incoming muon momentum which is a key to distinguish multiple small deviations through large path-lengths of low-Z material
from significant deviations through smaller path lengths of a high-Z target. In this work, an analytical function, derived by fitting
the muon momentum distribution in selected ranges, has been used to determine the momentum of individual events. It has
been used as weighting parameter to normalize the scattering angle of the respective event to improve the accuracy of material
discrimination.
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A Proton Computed Tomography Demonstrator for Stopping Power Mea-
surements

Author: Felix Ulrich-Pur!
Co-authors: Thomas Bergauer 2. Alexander Burker 3; Albert Hirtl 4; Christian Irmler 2; Stefanie Kaser ; Florian Michael Pitters 5
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Particle therapy is an established method to treat deep-seated tumours, using accelerator-produced ion beams. For treatment
planning, the precise knowledge of the stopping power (SP) within the patient is vital. Conversion errors from x-ray CT
measurements to SP introduce uncertainties in the applied dose distribution. Using a proton Computed Tomography (pCT)
system to directly measure the SP could potentially increase the accuracy of treatment planning.

A pCT demonstrator, consisting of double-sided silicon strip detectors (DSSD) as tracker and plastic scintillator slabs coupled to
silicon photomultipliers (SiPM) as a range telescope, was developed. After a major hardware upgrade of the range telescope, a
3D tomogram of an aluminium stair phantom was recorded at MedAustron.

Imaging results as well as current design studies for a new prototype, based on time-of-flight detectors, will be shown.

Technology Transfer / 295

Characterization of pixelated silicon detectors for the measurement of small
radiation fields in proton therapy

Authors: Jens Weingarten'; Isabelle Schilling?

U Technische Universitaet Dortmund (DE)

2 TU Dortmund
Corresponding Author: isabelle.schilling @tu-dortmund.de

The advanced imaging and accelerator techniques in proton therapy allow conformal high dose irradiation of tumors with
precision using pencil beam scanning or beam shaping apertures. These irradiation methods increasingly include small radiation
fields with large dose gradients, which require the development of small field dosimetry systems with high spatial resolution
for quality assurance. Based on their good spatial resolution and high rate compatibility, pixelated silicon detectors could meet
the new requirements. To assess their applicability in proton therapy ATLAS pixelated silicon detectors are used to measure
lateral beam profiles of different irradiation modes, as well as the dose gradient at the field edges with high resolution. Analysis
strategies to determine the residual proton energy and the possibility to measure the proton flux are under study. The talk will
present first results from measurements at the West German Proton Therapy Centre in Essen, Germany
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A compact gamma-ray imaging camera for radio-nuclides detection

Authors: Leonardo Di Venere!; Corrado Altomare?
Co-authors: Erica Fanchini 3; Francesco Giordano #; Francesco Loparco I'. Massimo Morichi 3; Francesca Romana Pantaleo 2; Paolo Spinelli ;
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! Universita e INFN, Bari (IT)
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Corresponding Author: leonardo.di.venere@cern.ch

The detection of natural radio-nuclides is of interest in several applications, for example for natural environmental monitoring or
for the identification and tracing of illegal radioactive materials. We designed and developed a camera for gamma-ray imaging
based on the coded mask technique. The camera proposed is a compact instrument, ideal for real-time analysis, with a low
power consumption. It consists of 16 CsI(TI) scintillators arranged in a 4x4 matrix and coupled to photo-multiplier tubes (PMTs)
with a digital readout. We used a 7,/67 mask composed by transparent and opaque tiles to allow the position reconstruction
of a radioactive gamma-ray point source. Measurements were conducted using radioactive sources placed at a fixed distance
from the mask. We will present the performance of this prototype camera in terms of energy and spatial resolutions. Different
reconstruction algorithms were used to decode the source images and their performance will be compared.
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Fragmentation Measurements in Particle Therapy: status and plans of the
FOOT experiment

Author: Benedetto Di Ruzza!
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Due to the advantageous characteristics of charged particles’ energy deposition in matter, protons in the energy range of 70-230
MeV or *2C beams with energy up to 400 MeV/u are used in hadrotherapy to treat deep-seated solid tumors. Using these beams,
the maximum of the dose is released to the tumor tissues at the end of the beam range. In this process nevertheless, fragmentation
of both projectile and target nuclei can occur in the nuclear interactions of the beam with the patient tissues and needs to be
carefully taken into account.

The goal of the FOOT (FragmentatiOn Of Target) experiment is to estimate target and beam fragmentation cross sections in the
energy range of interest for hadrotherapy, in order to provide new data for medical physicists, radio-biologists and to improve the
new generation of Treatment Planning Systems.

In this talk the project, the status of the different sub-systems construction and the plans for the final experiment assembling will
be presented.

Technology Transfer / 321

A Large Area GEMPix detector for treatment plan verification in hadron
therapy

Authors: Andreia Cristina Maia Oliveira!; Lucia Gallego Manzano?; Marco Silari®; Saverio Braccini'; Natalie Heracleous?; Johannes Leidner*;
Fabrizio Murtas’
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Corresponding Author: andreia.cristina.maia.oliveira@cern.ch

We propose a novel detector for quality assurance in hadron therapy, for which an accurate dose calculation and verification
with high spatial accuracy are required. For this purpose, a promising tool is the GEMPix detector, which combines a triple
GEM (Gas Electron Multiplier) and a quad Timepix ASIC used as highly pixelated readout. The GEMPix (active area 28x28
mm?2) is capable of providing 2D images of the beam with high spatial resolution, the Bragg curve and the 3D energy deposition.
Although promising, a wider sensitive area is required to cover the typical radiation field size and to avoid losses due to beam
spread out.

We present an original solution named LaGEMPix by replacing the ASIC by a matrix of organic photodiodes coated on an oxide
thin film transistor backplane produced by Holst Centre/TNO. We combined the two technologies and developed this innovative
detector to achieve a wider area (60x80 mm2) imaging detector and to fully exploit its optical readout capability.
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A novel cylindrical detector for borehole muon radiography
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Muography (or muon radiography) is a recent inspection methodology that uses cosmic muons to investigate the mass distribution
in large objects, such as volcanoes or mines, or to detect the presence of cavities in the subsoil or within buildings such as the
pyramids. In recent years detectors with different geometries, sizes and technologies have been developed. In particular detectors
with reduced size, that can be inserted in a borehole, are of particular interest in geophysical applications. We have developed,
and patented, an innovative detector for well applications consisting of plastic scintillators with arc shape and rectangular section
bars. Good spatial resolution was achieved with a reasonable number of channels. Detailed simulations based on Monte Carlo
methods have shown excellent performance in cavity detection. Preliminary results of a prototype show good performance in
terms of the number of photoelectrons produced by cosmic muons and track reconstruction.
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Underground Muography with Portable Gaseous Detectors
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Muography is a novel imaging technology to reveal density structure of hill-sized objects. The cosmic muons lose slowly their
energy and penetrate hundreds of meters into the ground, thus their differential local flux correlates with the density-lenght they
traveled through.

Exploiting the high flux around the zenith the imaging of the internal structure of hills could be done underground. Various fields
could benefit from this non-invasive imaging, eg. speleology, mining, and cultural heritage targets.

The main challenges are the portability, low power consumption, and robustness against the out-of-the-laboratory environment.
Portable gaseous tracking detector system has been designed and built, and successfully used in several underground locations.
The preseatation will focus on the designed portable tracking system, the main requirements, and measurement campaigns for
calibration, natural caves, and cultural heritage.
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MURAVES muon telescope: a low power consuming muon tracker for muon
radiography applications
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Muon Radiography is a technique based on the measurement of the absorption degree of cosmic ray muons as they pass through
rocks to investigate the interior of large scale bodies, such as pyramids, volcanoes, little hills and others.

The MURAVES project aims to optimize the knowledge of the density distribution along the body of the Mt. Vesuvius, an active
volcano near Naples in Italy, providing a useful information that can help, in addiction to the standard gravimetric measurements,
to understand its past and future activity.

The MURAVES apparatus is a modular, robust and low power consumption muon hodoscope consisting in an array of three
identical muon trackers each of one square meter sensitive area. Each tracker consists of four XY stations made of plastic
scintillator bars optically coupled with SiPMs. The hodoscope has been installed on the flank of the volcano and up-to-now a
four-months net statistics has been collected.
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The Curious Cryogenic Fish (CCF) Project aims to develop a robotic device able to operate in large cryostats while filled. The
goal is to perform visual inspections, environmental measurements and simple repair tasks, integrating the functionalities of a
diagnostic station with the flexibility of an unmanned vehicle.

The idea originates from the particle physics domain, but it has many potential applications, particularly in the field of liquefied
gas transport and storage, as well as in cryogenic plant monitoring.

The challenging realisation of the CCF requires not only the integration of a set of existing technologies into a single robotic
device operating in a cryogenic environment, but also the extension of those technologies in order to work in that unusual
environment.

This paper presents the state of the art of the technologies required for the endeavour, the results of the early feasibility studies
carried out, and the necessary future steps to bring the project to maturity.

Funding information:
This project has received funding from the ATTRACT project funded by the EC under Grant Agreement 777222
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URANIA-V (muRwell Advanced Neutron Identification Apparatus)
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A new challenge in particle physics is neutron detection. Innovative detection techniques are needed for the application in
this field, e.g. radioactive waste monitor homeland security applications, scanner with neutron scattering. Gaseous detector
together with a proper converter can be used for these purposes; a boron coated cathode converts the neutron and the products are
detected with muRwell technology: single amplification stage gas detector with a resistive spark-protection. In this presentation
an overview of the project is given: a thermal neutron detector has been designed, built and tested with a Am241-B neutron
source. A detection efficiency of about 4% with thermal neutron has been achieved with a simple configuration of converter,
detector and electronics. This design has been shared with the industry and the technological transfer has started. The R&D is
focused on new design and a more sensitive electronics to count the single-particle.
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