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R&D status for an innovative crystal calorimeter for the future
Muon Collider
Author: Ivano Sarra1

1 Istituto Nazionale di Fisica Nucleare - LNF

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

The Crilin calorimeter is a semi-homogeneous calorimeter based on Lead Fluoride (PbF2) Crystals
readout by surface-mount UV-extended Silicon Photomultipliers (SiPMs). It is a proposed solution
for the electromagnetic calorimeter of the future Muon Collider. A high granularity is required in
order to distinguish signal particles from the background and to solve the substructures necessary
for jet identification. Time of arrival measurements in the calorimeter could play an important role,
since very large occupancy due to beam-induced backgrounds is expected, and the timing could be
used to identify energy depositions compatible with the expected muon-muon interaction time. The
calorimeter energy resolution is also fundamental to measure the kinematic properties of jets. More-
over, the calorimeter should also operate in a very harsh radiation environment: 1 Mrad/year total
ionizing dose (TID) and a 10^14 neutron 1MeV/cm^2/year equivalent neutrons fluence. Our radia-
tion hardness studies on crystals and SiPMs, have demonstrated we can work in this environment
both for dose and neutron fluences.
A dedicated test beam, on single cell prototype (Proto-0), has been performed at CERN H2 in August
2022 with an electron energy of 120 GeV: a timing resolution better than 50 ps has been achieved for
energy deposits greater than 1 GeV.
In order to validate the design choices, the proposal is to build a larger prototype, called Proto-1.
The design has been optimized with the simulation studies starting from dimensions of 0.7 R and
8.5 X0 (∼ 0.3 ). This size comes from a compromise of an acceptable containment of 100 GeV elec-
trons and cost constraints. Results will be extrapolated to the optimum length of the Muon Collider
calorimeter of the order of 20 X0.
The proposal is to build Proto-1 with two layers of 3 × 3 PbF2 crystals, each read out with UV-
extended SiPMs (Hamamatsu S14160-3010 PS SMD sensors) as already done in Proto-0. These new
SiPMs were already tested with an ultra-fast blue laser (400 nm, 100 ps) and the new electronics
front-end (FEE) that showed a dynamic range from 0 to 2 V, a rise time of ∼ 2 ns with full signal in ~
70 ns and a time resolution less than 50 ps even at a charge as low as 100 pC (∼ 250 Np.e.). The proto-1
operational temperature will be 0/−10◦C and the performance will be validated in a dedicated test
beam. Specifically, our goals are: 1) perform a complete operational test of the prototype, including
operation with cooling; 2) obtain data for a complete analysis of digitized signals from the detector
for electrons and minimum-ionizing particles; 3) test the cluster reconstruction capability and mea-
sure the time resolution; 4) measure longitudinal and transverse shower profile and compare with
results obtained in simulation.
Details about the prototype mechanics and electronics will be shown; Proto-1 will be tested in a
dedicated test beam at Cern before the end of 2023.

B4 / 3

Resistive Charge-Readouts: Towards the Next Generation of Dual-
Phase LArT-TPCs
Author: Andrea Tesi1

1 Weizmann Institute of Science

Corresponding Author: andrea.tesi@weizmann.ac.il

The development of new materials with tunable surface and/or bulk resistivity paved the way to
explore new resistive-MPGD technologies for application in cryogenic systems. We will present
new results obtained with two novel technologies targeting operation in liquid argon DP-TPCs: the
cryogenic Resistive WELL (RWELL) and the cryogenic Resistive Plate WELL (RPWELL). The RWELL

Page 1



Technology & Instrumentation in Particle Physics (TIPP2023) / Book of Abstracts

and RPWELL consist of a single-sided THGEM electrode coupled to a readout anode either through
an insulating sheet coated with a thin resistive layer (DLC) or through a Fe2O3-YSZ ceramic plate,
respectively. The advantages of these technologies relative to non-resistive detector configurations
are demonstrated and their performance is compared in terms of maximal achievable gain, pulse
shape, and discharge probability. Scaled-up versions of such detectors could become a technology
of choice in DP-TPC-based applications requiring cost-effective solutions for large area coverage at
moderate spatial and energy resolution.

H4 / 6

New scintillation strip design for the DANSS detector upgrade

Authors: Dmitry Svirida1; DANSS CollaborationNone

1 Lebedev Physics Institute of RAS

Corresponding Author: dmitry.svirida@itep.ru

DANSS detector at Kalininskaya nuclear power plant demonstrates excellent performance in an-
tineutrino detection. Counting rates of up to 5000 events per day made it possible to record more
than 6.5 million antineutrino events in 6 years of remarkably stable operation. The data sample is ex-
tremely clean and features the signal to background ratio in excess of 50. Yet only moderate energy
resolution of 34% at 1 MeV limits the sensitivity of the experiment for the sterile neutrino searches.
The upgrade of the detector is aimed at more than twice better energy resolution of 12% at 1 MeV.
Besides that the sensitive volume is planned to be increased by 70% inside the same shielded space
on the lifting platform, leading to almost twice higher the counting rate. New scintillation strips
feature much better uniformity of the light collection. Readout from both strip edges provides infor-
mation on the longitudinal event coordinate. The talk will address the details and the status of the
upgrade together with the latest results of beam tests. The expected influence of the improvements
on the sensitivity to the sterile neutrino will also be discussed.

B5 / 7

Ultimate precision of a tracking system in future high energy ex-
periments
Author: Gang LI1

1 Institute of High Energy Physics, Chinese Academy of Sciences

Corresponding Author: ligang@ihep.ac.cn

One of the top goals of a high energy experiment is to perform precision tests on the Standard
Model and probe new physics beyond the Standard Model. Therefore, it is essential to precisely
measure the momenta and impact parameters of charged tracks. Because of the rapid advancement
of technology, excellent tracking systems could be built. The most accurate silicon pixel tracker is
approaching the spatial resolution of micron-level and a material budget of sub-permille-level. As
a result, the trade-off between spatial resolution and material budget becomes critical. Analytical
calculation and fast simulation are used to examine the maximum accuracy of a tracking system
with restricted resolution and material budget. These conclusions could be beneficial for future
experiments.

G2 / 9
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Glass Scintillator HCAL at future e+e− Higgs factory
Author: sen Qian1

1 IHEP,CAS

Corresponding Author: qians@ihep.ac.cn

The future e+e− Higgs factory, whose main goal is to achieve a precise measurement of mass and
properties of the Higgs boson, is the main development trend of the next-generation large collider.
A big challenge for this goal is to fulfill an unprecedented jet energy resolution, and the scheme se-
lection of hadronic calorimeter (HCAL) is one of the most important factors. Scintillation materials
can convert high-energy rays into visible light. Generally, solid scintillator can be divided into crys-
tal scintillator, plastic scintillator, glass scintillator and ceramic scintillator. Compared with crystal
scintillator, the glass scintillator has many advantages, such as a simple preparation process, low
cost and continuously adjustable components. Therefore, glass scintillator has long been conceived
for application in the nuclear detection such as hadronic calorimeter. Given the deficiency of the
crystal and the plastic scintillator, a new concept, Glass Scintillator Hadronic Calorimeter for CEPC
(GS-HCAL), was proposed. In 2021, the researchers in the Institute of High Energy Physics (IHEP)
have set up the Large Area Glass Scintillator Collaboration (GS group) to study the new glass scin-
tillator with high density and high light yield. Currently, a series of high density and high light
yield scintillation glasses have been successfully developed. The GSHCAL conceptual design with
preliminary detector optimization by simulation has been done. The physics potential and the R&D
of the GSHCAL will be presented in this paper.

B2 / 10

The R&D of the MCP based PMTs for High Energy Physics Detec-
tors
Author: sen Qian1

1 IHEP,CAS

Corresponding Author: qians@ihep.ac.cn

The Micro-Channel Plate (MCP) is a specially crafted microporous plate with millions of indepen-
dent 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’s 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). The FPMT prototypes have been produced with 50
ps time resolution, and also the 8X8 readout anode for the position resolution. We will introduce
some design of the FPMTs for the time measurement, and the performance of the several different
prototypes with different readout channels.

H3 / 12

Scintillation Detector for Muon Imaging System
Author: Zheng Liang1

1 University of Science and Technology of China
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Corresponding Author: lz1021@mail.ustc.edu.cn

Muon scattering tomography has a broad application prospects in homeland security, nuclear reactor
and waste imaging, etc. Scintillation detector is a very competitive solution due to its stability and
robustness in harsh environment. However, it’s a challenge to develop such detectors with both
high spatial resolution and large detection area, especially with a limited budget.

We have built 15cm×15cm×1cm prototype detectors with 1cm pitch, composed of scintillators with
groove curved on surface, wavelength shift(WLS) fibers and SiPMs. Detectors adopt quadrangular
prism, triangular prism and slab structure respectively. Results show that 1-dimensional spatial
resolution of these detectors are 3.3 mm, 1.7mm, 6.4mm respectively, proving that triangular prism
structure can improve resolution significantly.

A GEANT4 program has been developed to simulate the detector’s reaction to incident muons, and to
correct systematic deviation of the detector. Simulations give an uncorrected resolution of triangular
detector σ = 1.5mm, which is close to experimental result. After precise correction, the spatial
resolution can reach up to 1mm within the limited 1cm pitch.

Large detection area is necessary for muon imaging in several situations, thus a detector with
45cm×45cm area is under construction. The upgraded detector adopts a new layout and electronic
system that designed for reducing readout channels.

Two WLS fibers are placed in one prism slat to reduce false trigger of SiPM, meanwhile, four fibers
from different slats make up a cluster and are connected with a 3mm×3mm SiPM so that signals
can be encoded and read out by fewer channels. Except from the electrical considerations, the new
layout also improve photon collection efficiency and spatial resolution. Several properties of the
detector will be tested and reported, e.g. spatial resolution, acceptance, detection efficiency.

D2 / 13

CRYO-PoF: Cryogenic power over fiber for fundamental and ap-
plied physics at Milano-Bicocca
Author: Marta Torti1

1 INFN Milano Bicocca

Corresponding Author: marta.torti@mib.infn.it

The power over fiber (PoF) technology delivers electrical power by sending laser light through an
optical fiber to a photovoltaic power converter, in order to power sensors or electrical devices.
This solution offers several advantages: removal of noise induced by power lines, robustness in a
hostile environment, spark free operation when electric fields are present and no interference with
electromagnetic fields.
This technology is at the basis of the CRYO-PoF project: an R&D funded by the Italian Insitute for
Nuclear Research (INFN) in Milano-Bicocca (Italy).
This project is inspired by the needs of the DUNE Vertical Drift detector, where the VUV light of
liquid argon must be collected at the cathode, i.e. on a surface whose voltage exceeds 300 kV.
We aim to develop a cryogenic system, which is solely based on optoelectronic devices and a single
laser input line, to power both the Photon Detection devices and its electronic amplifier.
In this talk we will presents the results obtained during test campaign performed in Milano- Bicocca
with emphasis on performance and potential application in the field of applied physics.

F3 / 14

Gd-PMMA: a novel neutron tagging technology for low background
detectors
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Author: Yi Wang1

1 IHEP, CAS

Corresponding Author: wangyi90@ihep.ac.cn

Low background detectors, such as those used in direct dark matter searches, require high-efficient
neutron veto to reject nuclear recoil backgrounds. Gadolinium-doped polymethyl methacrylate (Gd-
PMMA) has emerged as a promising solid neutron tagging material, with high hydrogen content
for moderating neutrons and gadolinium content for capturing thermal neutrons and exploiting
subsequent emission of high-energy gamma rays. This talk introduces a novel Gd-PMMA material
based on a complex compound called gadolinium methacrylate, which will be used in the DarkSide-
20k experiment, a direct dark matter search experiment with liquid argon.
The Gd-PMMA will serve as both a neutron tagging material and the main structural material of
the dual-phase argon Time Projection Chamber (TPC) in the DarkSide-20k detector. This design
allows for the Gd-PMMA to be located as close as possible to the detector’s active volume to tag
any possible neutrons from intrinsic backgrounds. With liquid argon buffers on both sides of the
Gd-PMMA, gamma rays released during neutron capture can be effectively detected. To maximize
neutron veto efficiency, a ~1% gadolinium mass fraction with 15 cm thick Gd-PMMA surrounding
the TPC’s active volume is required. Radiopurity control of this material is also being studied to
ensure its suitability for use in low-background experiments.

B3 / 16

Development of FARICH technique for the Super Charm-Tau Fac-
tory project
Author: Alexander Barnyakov1

Co-authors: Sergey Kononov 1; Alexander Katcin 1; Eugeny Kravchenko 2; Alexander Danilyuk 3; Anton Shalygin
3

1 Budker Institute of Nuclear Physics
2 Novosibirsk State University
3 Boreskov Institute of Catalysis

Corresponding Authors: skononov@inp.nsk.su, e.a.kravchenko@inp.nsk.su, a.yu.barnyakov@inp.nsk.su, a.a.kattsin@inp.nsk.su

The Super Charm-Tau (SCT) Factory project is a future electron-positron colliding beam experiment
with unprecedented high luminosity 1035cm−2s−1 at the interaction energy range from 3 to 7 GeV.
The physics program of the experiment is aimed to search the phenomena beyond the standard
model and its precise calibration in this energy range. The main features of the SCT Factory project
are presented. To perform the broad physics program at the ultimately high beam intensity the
high performance universal detector is proposed. One of the proposed detector subsystems is the
PID system based on Focusing Aerogel RICH (FARICH) technique. The proposed FARICH scheme
combined with abilities of tracking system will provide the excellent π/K-separation for the whole
operation momentum range and µ/π-separation up to momentum of 1.5 GeV/c. The idea of FARICH
detector based on dual aerogel radiator (focusing aerogel tile with maximal refractive index 1.05 and
high optical density aerogel with refractive index of 1.12) is described. Results of GEANT4 simulation
and beam test results are in good agreement. PID capabilities of this approach is demonstrated with
help of numerical simulation. In 2023 two multilayer focusing aerogel samples with overal sizes
230×230×35 mm were produced in Novosibirsk for the first time all over the world. The results of the
first beam tests of these aerogel samples and comparison with simulation are presented. Conceptual
design and some technical issues of the PID system based on FARICH technique are discussed as
well.

F2 / 17
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The Future Circular Collider Project and its Physics Programme

Author: Tadeusz Lesiak1

1 IFJ PAN Kraków

Corresponding Author: tadeusz.lesiak@ifj.edu.pl

The talk will provide a brief description of the proposed Future Circular Collider (FCC) project and
its physics program. According to the latest update of the European Strategy for Particle Physics, the
first stage of the project will be the construction of an approximately 90 km circular tunnel, instru-
mented with an e+e- collider based on established technologies. This would allow for an extensive
physics program, realized at center-of-mass energies spanning the range from the Z resonance up
to a t-tbar threshold. Such a machine, called FCC-ee, would provide a clean experimental environ-
ment, producing high luminosity for precision measurements of the Higgs boson, W and Z bosons,
and the top-quark. Precision searches will test the consistency of the Standard Model and push the
sensitivity to new physics at high scales. Direct searches for new particles, including dark matter,
are also feasible.
The tunnel can then be reused for a proton-proton collider (FCC-pp), collecting data in the range
of 100 TeV. Such a machine would offer a vast program of measurements of the Standard Model
observables and a huge potential of direct searches for new particles.
During the talk, both the aspects of the accelerator and physics program of the FCC project will be
presented, paying special attention to the e+e- stage

F2 / 18

FCC detector concepts
Author: Paolo Giacomelli1

1 INFN Bologna

Corresponding Author: paolo.giacomelli@bo.infn.it

The Future Circular Colliders (FCC) project is centered on the construction of a large, 91 km in cir-
cumference, circular tunnel located around the Geneva area. The project foresees two distinct phases
of operation. In the first one, denominated FCC-ee, the tunnel will house an electron positron col-
lider. FCC-ee will be operated at several center-of-mass energies, ranging from the Z peak to the
WW production threshold, to the Higgs boson production peak (~ 250 GeV), and then to just above
the ttbar production threshold (~365 GeV). FCC-ee promises exceptionally high luminosities, beyond
1036 cm−2s−1 at the Z peak and will allow to explore with unprecedented precision the electroweak
sector while also producing a sample of more than a million Higgs boson events in very clean ex-
perimental conditions. In a second phase, denominated FCC-hh, the tunnel will instead house a
proton-proton collider with the aim of producing the highest possible collision energies, up to more
than 100 TeV in the center-of-mass.
Such a challenging project calls for extremely high-performance detectors being able to study all
the many channels of interesting physics that both FCC-ee and will FCC-hh will unravel. Especially
for FCC-ee there are already three different detector concepts that are being studied and that will
be presented. FCC-ee will in fact have four interaction points that could house each a different
detector. There is a significant detector R&D program that has started since a few years in order
to optimize and improve the detector concepts for the best possible exploitation of FCC-ee. Many
different technologies, going beyond the state-of-the-art in the field, are being investigated for the
various subdetector components. The final detectors will likely be a mix and match of the currently
investigated technologies.
FCC-hh is farther in the future and presents extremely challenging experimental conditions, never-
theless a possible detector concept has been devised and will also be presented.
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Data acquisition system of the TPC/MPD detector for the NICA
project
Author: Stepan Vereshchagin1

1 Joint Institute for Nuclear Research

Corresponding Author: vereschagin@jinr.ru

The data acquisition system (DAQ) is consisting of 95232 registration channels in total containing
1488 Front-End Cards (FEC) grouped into 24 groups of 62 pcs. in each. Each FEC has an individual
full-duplex few-gigabit communication channel with Readout and Control Unit (RCU). Each RCU
manages each FEC within the group of size of 1/24 of full TPC, collects data with subsequent trans-
mission via a high-speed optical channel into the Local Data Concentrator (LDC) computer. Every
4 optical channels are connected to a LDC computer via a Data Concentrator Unit (DCU) card in-
stalled. Each of the 6 DCU controls four RCUs, receives data from them and stores it into the LDC’s
memory via the PCIe interface. LDC computers are docking point of the TPC DAQ with the MPD
DAQ.
The DAQ was designed for operating with raw TPC event of size of 37 MB containing information
up to 2000 tracks from central heavy ion collision and trigger rate of up to 7 kHz in zero suppression
mode.
The report presents the overall structure of the system, realized functionality of its main parts and
result of the DAQ prototype testing.

D2 / 21

Light Detection System for the DUNE Near Detector
Authors: Alexandr Selyunin1; for the DUNE collaborationNone

1 Joint Institute for Nuclear Research

Corresponding Author: selyunin@jinr.ru

The Deep Underground Neutrino Experiment (DUNE) is an international long-baseline accelerator
neutrino experiment hosted in the US. DUNE is currently under construction and will consist of two
neutrino detectors: the Near Detector at Fermilab and the Far Detector in the Sanford Underground
Research Facility, 1300 km downstream of the beam source. The Near Detector (ND) will sample
the beam near the source and, like the Far Detector, will feature liquid argon (LAr) Time Projection
Chamber (TPC) technology to resolve neutrino interactions in detail. These interactions produce
scintillation light in the TPC volume which is registered by the Light Detection System (LDS). The
LDS provides fast light information with a good spatial resolution that is essential to overcoming
the high event pile-up expected in this TPC. It is based on dielectric light traps and a silicon photo-
multiplier readout. Two light detection approaches are employed in the ND-LAr TPC – ArCLight
and Light Collection Module (LCM). Four prototypes of ND-LAr TPC were tested with cosmic rays
at the University of Bern. The performance of the LDS is presented using the test results from the
Bern data.

H5 / 22

Nonlinear optical spectroscopy for studying carrier transport and
recombination in scintillators for fast radiation detectors
Author: Gintautas Tamulaitis1
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Co-author: Saulius Nargelas 1

1 Vilnius University
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The current demand for materials with fast scintillation response for radiation detectors in both ma-
jor application fields, future high-luminosity high energy physics experiments and medical imaging
with better spatial resolution, require the characterization of processes in scintillators in picosecond
domain. In particular, excitation transfer becomes important for fast scintillation response.
In this work, we adopted nonlinear optical spectroscopy to study the processes limiting the rate of
excitation transfer in activated scintillators, especially in those with multicomponent crystalline ma-
trix where the transfer might be affected by carrier trapping due to the potential fluctuations caused
by compositional disorder. Transient optical absorption technique in pump and probe configuration
was exploited to monitor the time evolution of nonequilibrium carrier density. Selective excitation
using tuneable-wavelength pulses and measuring a wide spectrum of transient absorption (TA) at
variable delay after short pulse excitation enabled the identification of the type of nonequilibrium
carriers responsible for TA and revealing the peculiarities of excitation transfer. Time-resolved pho-
toluminescence was also exploited.
Our study was focused on two families of prospective Ce-doped scintillators: lutetium yttrium oxy-
orthosilicates (LYSO:Ce) and gadolinium aluminium gallium garnets (GAGG:Ce). The comparison
of the TA response rise time with the coincidence time resolution, which is a conventional param-
eter measured under gamma excitation, showed that the delay in the front of the TA response due
to the population of the lowest (emitting) excited level of Ce3+ after excitation of the ion to higher
excited levels reflects the electron transfer that is affected by electron trapping. The influence of alio-
valent codoping on the luminescence response time was studied in LYSO:Ce,Ca and GAGG:Ce,Mg
with different codoping level. It is shown that the codoping results in faster luminescence response
due to elimination of trapping centers and enhances the luminescence decay rate due to introduc-
tion of quenching centers. A trade-off between luminescence efficiency and decay time is consid-
ered.

G1 / 23

A SiPM-based optical readout system for the EIC dual-radiator
RICH
Author: Roberto Preghenella1

1 INFN Bologna

Corresponding Authors: nicola.rubini@cern.ch, preghenella@bo.infn.it

Silicon photomultipliers (SiPM) are the baseline photodetector technology for the dual-radiator Ring-
Imaging Cherenkov (dRICH) detector of the ePIC experiment at the future Electron-Ion Collider
(EIC). SiPM optical readout offers a large set of advantages being cheap devices, highly efficient and
insensitive to the high magnetic field (~ 1.5 T) at the expected location of the sensors in the experi-
ment. On the other hand, SiPM are not radiation tolerant and despite the integrated radiation level is
expected to be moderate (< 1011 1-MeV neq/cm2) it should be tested whether single-photon counting
capabilities and the increase in Dark Count Rate (DCR) can be kept under control over the years. Sev-
eral options are available to maintain the DCR to an acceptable rate (below ~100 kHz/mm2), namely
by reducing the SiPM operating temperature and by recovering the radiation damage with high-
temperature annealing cycles. Moreover, by utilising high-precision TDC electronics and selecting
bunch crossing information, the use of timing information can effectively reduce background due
to DCR.

In this talk we present the current status of the research and the results on studies performed on
significant samples of commercial and prototype SiPM sensors. The devices have undergone pro-
ton irradiation in two campaigns in 2021 and 2022. The first campaign aimed at studying the device
performance with increasing NIEL doses up to 1011 1-MeV neq/cm2 delivered at once to different sen-
sor subsets and after long high-temperature annealing cycles to recover the radiation damage. The
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second campaign aimed at studying the reproducibility of the performance in repeated irradiation-
annealing cycles, where the sensors have undergone high-temperature annealing cycles to recover
the radiation damage. During the second campaign it was also explored the use of Joule annealing
as a potential way to perform high-temperature annealing in-situ. In October 2022 the sensors were
mounted inside the dRICH detector prototype and successfully tested with particle beams at the
CERN PS accelerator.

The results reported here, obtained in laboratory with SiPM characterisation measurements and in
test-beam measurements, are based on the first 32-channel prototypes of the ALCOR chip and on a
complete readout system. ALCOR is an ASIC chip that offers both single photon counting and Time-
over-Threshold modes with a time resolution of 50 ps and an event rate capability of up to 5 MHz per
channel, originally designed for reading out silicon photomultipliers at low temperatures.

B3 / 24

Progress in the production of aerogel radiators for the RICH de-
tectors in Novosibirsk
Author: Aleksandr Katcin1

Co-authors: Alexander Barnyakov 1; Aleksandr Danilyuk 2; Eugeny Kravchenko 3; Anton Shalygin 2

1 Budker Institute of Nuclear Physics
2 Boreskov Institute of Catalysis
3 Novosibirsk State University

Corresponding Authors: shas@catalysis.ru, danilyuk@catalysis.ru, akatcin@gmail.com, a.yu.barnyakov@inp.nsk.su,
e.a.kravchenko@gmail.com

Modern projects require large format aerogel radiators. In 2022-2023, several unique aerogel tile
were produced in Novosibirsk. Aerogel blocks larger than 200 by 200 mm in lateral size and 40, 50
mm thickness with a refractive index of 1.03 or 1.05 were fabricated. Also in 2023, for the first time in
the world, samples of a multilayer focusing aerogel with dimensions of 230x230x35 mm were made.
Their parameters were investigated on the test benches and with relativistic electron beams. The
results of these tests are presented.

C3 / 25

TEMPUS: a Timepix4-based readout system for photon science

Author: Jonathan Correa1

Co-authors: Alexandr Ignatenko 1; David Pennicard 1; Sergei Fridman 1; Heinz Graafsma 1; Sabine Lange 1; Sergej
Smoljanin 2; Joern Lange 2; Hagen Klink 2; Julian Schmehr 2; Andreas Beckmann 2

1 DESY
2 X-Spectrum

Corresponding Author: jonathan.correa@desy.de

A readout system for the Timepix4 timestamping pixel ASIC, TEMPUS, is being developed for photon
science experiments. Compared to current systems, this will have higher time resolution (in the ns
regime for silicon sensors and X-ray applications) and much higher event rate capability (around
Mhit/mm2/s), requiring development of high-data-rate board designs and firmware. Moreover, when
working in the photon counting mode, higher frame rates than currently available systems will be
achievable (40kfps). The first image from a single chip has been obtained using a radioactive source.
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Also multi-chip modules are under development with the idea of covering large areas while reducing
gaps between sensors. In this context, TSV technology (fully supported by the ASIC) is expected to
be used.

D4 / 26

Study of the radiation aging of materials with using of beam of
the fast neutrons at BINP SB RAS
Author: Viktor Bobrovnikov1

1 Budker Institute of Nuclear Physics, SB RAS

Corresponding Author: v.s.bobrovnikov@inp.nsk.su

The BINP SB RAS, in collaboration with Novosibirsk State University,has upgraded facility for boron-
neutron capture therapy for the possibility of radiation tests on beam of fast neutrons with the
integral flux up to 10^14 neq/cm2.

In 2022 the experiment on the study of the radiation aging of optical fibers for the laser calibration
system of electromagnetic calorimeter CMS (CERN, Switzerland) was carried out. The uniqueness
of this radiation tests in contrast to irradiation in reactor is the precise control of the level of the
accumulated dose with continuous measuring of degradation fiber transparency.

It has been demonstrated for the first time that at the BINP SB RAS it is possible to operate with
such doses using of neutron beam. It could be in further used for the wide range of radiation test
tasks, related with the development of facilities for HEP.

B2 / 27

Segmented scintillator neutrino detector SuperFGD for T2K ex-
periment
Author: Yury KudenkoNone

Co-authors: Denis Chernov 1; Angelina Chvirova 1; Anna Dergacheva 1; Daria Fedorova 1; Sergei Fedotov 1;
Alexander Mefodiev 1; Petr Naumov 2

1 INR
2 MEPhI

Corresponding Authors: chernov@inr.ru, fedotov@inr.ru, kudenko@inr.ru, chvirova@inr.ru, adergacheva@inr.ru,
mefodiev@inr.ru, fedorova@inr.ru, pynaumov@mephi.ru

The long baseline T2K neutrino experiment in Japan obtained a first indication of CP violation in
neutrino oscillations. To obtain better sensitivity, T2K will accumulate more statistics with a higher
intensity beam and the upgraded near detector ND280 which allows us to reduce systematic uncer-
tainties in oscillation measurements. The upgraded detector will have the full polar angle coverage
for muons produced in neutrino charged current interactions, a low threshold for proton detection
and will be able to measure neutrons using time-of-flight due to a good timing performance. Thanks
to these new capabilities, the energy spectra of muon neutrinos and antineutrinos will be measured
with an unprecedented level of accuracy. A 3D highly granular scintillator detector called SuperFGD
with a mass of about 2 tons is being constructed at J-PARC now. It consists of about two millions
of small optically-isolated plastic scintillator cubes with a 1 cm side. Each cube is read out in the
three orthogonal directions with wave-length shifting (WLS) fibers coupled to micro pixel photon
counters (MPPC). All cubes are assembled in a light protected box with about 60000 holes for WLS
fibers. An LED calibration system with Light Guide Plates is used for calibration and control for
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WLS/MPPC readout. SuperFGD Front End Board electronics based on CITIROC chips is developed
and tested. On-surface SuperFGD will be provided with cosmic muons and the installation into the
ND280 magnet is expected in September 2023 to take the neutrino beam in the Fall of 2023. In this
talk, the results of the tests, obtained parameters and current status of SuperFGD will be reported.
The unique features of SuperFGD physics program will be also described.

F1 / 28

The simulation of DIRC detector at the Electron-ion collider in
China
Authors: Xin Li1; Yuxiao Zhao1; Yutie Liang1

1 Institute of Modern Physics, Chinese Academy of Sciences

Corresponding Author: lixin@impcas.ac.cn

The Electron-ion collider in China (EicC) is a proposed future electron-ion collider with a high lumi-
nosity above 2.0 × 10e33 cm−2·s−1 and center-of-mass energy ranging from 15 to 20 GeV. To meet its
PID requirement in the barrel region, a focusing DIRC detector is proposed, which consists of fused
silica radiators, MCP-PMT photosensor array, and fast-timing readout electronics. In order to study
and optimize its performance, we conducted a GEANT4 simulation including various optical trans-
mission and focus systems, readout electronics, and image reconstruction algorithm. The simulation
results demonstrate a high angular resolution of ~ 1mrad and time resolution <100ps, achieving the
3σ Pion/Kaon separation in the momentum range of 1~6GeV/c.

F1 / 29

Event reconstruction for reactor anti-neutrinos in JUNO
Author: Wuming Luo1

1 IHEP, CAS

Corresponding Author: luowm@ihep.ac.cn

Jiangmen Underground Neutrino Observatory (JUNO), located in the southern part of China, will
be the world’s largest liquid scintillator (LS) detector upon completion. Equipped with 20 kton LS,
17612 20-inch PMTs and 25600 3-inch PMTs in the central detector, the primary goal of JUNO is
to determine the neutrino mass ordering by precisely measuring the oscillation energy spectrum of
anti-neutrinos from reactors. One of the main challenges for JUNO is the demanding unprecedented
energy and vertex resolution. This talk will present some recent highlights on PMT waveform re-
construction, vertex and energy reconstruction for reactor anti-neutrinos in JUNO. Both traditional
methods and novel ones based on Machine-Learning will be covered, which in principle could also
be applied to other LS detectors.

A1 / 30

The MoEDAL Dedicated Search Detector for LHC’s Run-3
Author: James Pinfold1

1 University of Alberta
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Corresponding Author: jpinfold@ualberta.ca

The MoEDAL detector, deployed at IP8 in 2010, was the LHC’s first dedicated search experiment.
It is a largely passive detector utilizing a 70 sqm arrangement of Nuclear Track detectors and a
unique trapping detector array of mass ~ 1tonne. An active detector array of Timepix2 pixel devices
monitors the radiation field near MoEDAL. MoEDAL is designed to detect highly ionizing avatars of
BSM physics without requiring a restrictive trigger. For Run-3 the MoEDAL detector was redeployed
with a much-enhanced detector efficiency and a new Timepix3 detector array that will now be used
to measure the luminosity and search for new physics. Additionally, the detectors at IP8 will receive
a factor of roughly five times greater instantaneous luminosity during Run-3 than at Run-2.

A1 / 31

The MAPP-1 Detector at LHC’s Run-3
Author: James Pinfold1

1 University of Alberta

Corresponding Author: jpinfold@ualberta.ca

The MAPP-1 (MoEDAL Apparatus for Penetrating Particles) detector, currently being installed in
the UA83 tunnel some 100m from IP8, was approved by CERN for installation on the LHC ring or
Run-3 operation in December 2021. The purpose of the MAPP-1 detector is to extend the reach
of the MoEDAL experiment to include sensitivity to Feebly Ionizing Particles such as milli-charged
particles. MAPP-1 combined with MoEDAL trapping detectors also has an unprecedented sensitivity
to extremely long-lived massive charged particles. Additionally, MAPP-1 has some sensitivity to
very long-lived neutral particles.

A1 / 32

The MAPP-2 Detector for HL-LHC
Author: James Pinfold1

1 University of Alberta

Corresponding Author: jpinfold@ualberta.ca

The MAPP-2 detector is a large instrumented tunnel decay volume adjacent to IP8 with a volume of
1200m3. The detector utilizes large area scintillator panels with x-y WLS fibres readout by SiPMs
arranged in a “Russian Doll configuration to measure the vertices of very Long-Lived Particles
(LLPs)emanating from IP8. The sensitivity of MAPP-2 is complementary to other planned LLP detec-
tors and the existing LHC general-purpose detectors. The plans for deploying the MAPP-2 detector
at the High Luminosity LHC (HL-LHC) have been endorsed by the LHCC.

A1 / 33

The MoEDAL- MAPP Facility for the LHC Program
Corresponding Author: rsoluk@ualberta.ca

The MoEDAL detector, deployed at IP8 in 2010, was the LHC’s first dedicated search experiment.
MoEDAL is designed to detect Highly Ionizing Particle avatars of BSM physics without requiring a
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restrictive trigger. MoEDAL’s MAPP-1 (MoEDAL Apparatus for Penetrating Particles) is currently
being installed in UA83 adjacent to IP8 on the LHC ring MAPP-1’s purpose is to extend the reach
of the MoEDAL experiment to include sensitivity to Feebly Ionizing Particles (FIPs) such as milli-
charged particles. MAPP-1 combined with MoEDAL trapping detectors also has an unprecedented
sensitivity to extremely long-lived massive charged particles. Additionally, MAPP-1 has some sensi-
tivity to very long-lived neutral particles. The LHCC has also endorsed MoEDAL’s NoI to install the
MAPP-2 detector for data taking at the High Luminosity LHC. MAPP-2 will greatly extend MoEDAL-
MAPP’s reach in the search for LLPs. The reach of MAPP-2 is complementary to other planned LLP
detectors and the existing LHC general-purpose detectors. In this talk, the MoEDAL-MAPP project
for the LHC that includes competitive sensitivity to HIP, FIPs and LLPs, without relying on hardware
triggers, will be described.

C2 / 35

Strategy for Precise Calibration in JUNO
Author: Yongbo Huang1

1 Guangxi University

Corresponding Author: huangyb@gxu.edu.cn

A 20 kton liquid scintillator (LS) detector was designed in the Jiangmen Underground Neutrino Ob-
servatory (JUNO) for multiple physics purposes. In order to determine the neutrino mass ordering,
JUNO needs an excellent energy resolution of 3% /√E(MeV) and an accuracy of the energy scale at
1% level or better. On one hand, a comprehensive calibration system is designed, deploying multiple
radioactive sources in various locations inside/outside of the central detector (CD), including Auto
Calibration Unit (ACU), Cable Loop System (CLS), Guide Tube Calibration System (GTCS), and Re-
motely Operated Vehicle (ROV). On the other hand, the strategy of the JUNO calibration system has
been developed and optimized based on Monte Carlo simulation results. Following this calibration
strategy, we expect to achieve an accurate and comprehensive understanding of the energy reso-
lution, energy non-linearity and non-uniformity responses of the JUNO detector. In this talk, the
details of the JUNO calibration system design and calibration strategy will be presented.

C2 / 36

Status of the liquid scintillator for JUNO
Author: Boxiang Yu1

1 ������������

Corresponding Author: yubx@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose experiment designed
to elucidate fundamental neutrino properties, study neutrinos with astrophysical or terrestrial ori-
gins, and search for rare processes beyond the Standard Model of particle physics. Its central detector
is a 20 kton liquid scintillator (LS) located 650 m underground in Guangdong, China. To achieve its
physics goals, the JUNO LS must have high transparency and ultra-low radiation background. To
purify the LS, five plants were designed: alumina filtration, distillation, mixing, water extraction,
and steam stripping. In addition, two corollary plants were designed to supply ultra-pure water and
high purity nitrogen for the liquid scintillator purification system. Currently, the construction of
the seven plants is almost completed, and the commissioning of the plants is underway.
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F3 / 37

Cryogenic Silicon-based photosensors: the Photon Detection Units
for dark matter detection in DarkSide-20k
Author: Francesco Di Capua1

1 Università di Napoli ”Federico II”

Corresponding Author: dicapua@na.infn.it

DarkSide-20k (DS-20k) is the next stage of the DarkSide program and will be a new generation exper-
iment involving a global collaboration from all the current argon-based detectors. The experiment
is designed as a 20-tonne fiducial mass dual phase liquid argon time projection chamber (LAr-TPC)
filled with low radioactivity argon and instrumented with SiPM-based cryogenic photosensors. The
detector will be housed underground at the INFN Gran Sasso National Laboratory (LNGS) and is
expected to be free of any instrumental background for an exposure of 100 tonne×year.
The DarkSide collaboration started a dedicated development and customization of SiPM technology
for its specific needs resulting in the design, production, and assembly of large surface modules of
20×20 cm2 readout as 4 DAQ channels, named Photo Detection Unit (PDU) for the DS-20k experi-
ment. PDUs will be mass-produced in the following years to integrate both the two optical planes for
the TPC (~21 m2 total SiPM surface) and the photosensors for the veto system (~5 m2) of DarkSide-
20k detector.
To this purpose a dedicated facility has been built at INFN Naples Cryogenic Laboratory with the
aim of characterize the PDUs. The main characteristics of the first Photon Detection Unit prototype
have been measured in liquid nitrogen. The PDU was tested for varying overvoltage values and dif-
ferent readout configurations by measuring the main photosensor parameters for each of them. The
results of the tests will be reported, and the study of the performances will be discussed.

E2 / 38

The Quality Assurance test setup for DUNE SiPMs characteriza-
tion
Author: Luca Tomassetti1

1 University of Ferrara and INFN

Corresponding Author: luca.tomassetti@fe.infn.it

The Deep Underground Neutrino Experiment (DUNE) is an upcoming neutrino physics experiment
that will answer some of the most compelling questions in particle physics and cosmology. DUNE
comprises a high-intensity neutrino source located at Fermilab, a massive far detector (FD) situated
1.5 km underground at the Sanford Underground Research Facility (SURF) in South Dakota, and a
composite near detector (ND) installed just downstream of the neutrino source.
The DUNE FD exploits silicon photomultipliers (SiPMs) to detect scintillation photons produced by
the interaction of charged particles in a liquid Argon time projection chamber (LArTPC). The FD
is composed of four modules, each with a fiducial mass of 10 kt. The first module (HD-FD) is a
LArTPC with electrons drifting horizontally toward modular Anode wire-Plane Assembly (APA),
inside where the Photon Detection System (PDS) is located.
The SiPMs are photosensors consisting of a matrix of single-photon avalanche diodes (SPAD) operat-
ing in the Geiger-Mueller region. Their high sensitivity and dynamic range, as well as the possibility
to fill large surfaces with high-granularity sensors, makes them an ideal choice for the DUNE FD
photodetection system.
An international consortium of research groups is currently engaged in systematic quality assurance
tests of all the sensors that will be installed in the HD-FD to control their specifications. A custom
setup, CACTUS (Cryogenic Apparatus for Continuous Tests Upon SiPMs), has been developed at
Ferrara and Bologna Universities-INFN sites to automatically perform the tests for a large number
of sensors in parallel. This system can characterize up to 120 SiPM simultaneously both testing
their mechanical and thermal resistance, and measuring the current-voltage curve for each sensor
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at room and cryogenic temperatures. These data allow to extrapolate the quenching resistor (R_q)
and the breakdown voltage (V_bd), the key operating parameters of the SiPMs. Furthermore, the
CACTUS test facility allows to perform dark noise assessment through a custom-made fixed thresh-
old amplifier-discriminator system.
The CACTUS system will operate in the next years in 5 laboratories (in Bologna, Ferrara, Granada,
Milano Bicocca and Prague) allowing the test of at least 120 sensor per day per site with the aim of
quality assurance and determine the sensors operating voltage of the whole DUNE HD-FD produc-
tions. Preliminary results of the measurements already performed on ~4000 sensors for ProtoDUNE2-
HD and in progress on the first batches of more than 25000 sensors for the DUNE HD-FD will be
presented.

G1 / 39

Cryogenic SiPMs for the DUNE experiment
Author: Andrea Falcone1

1 Università di Milano Bicocca and INFN Sez. di Milano Bicocca

Corresponding Author: andrea.falcone@mib.infn.it

DUNE is the most ambitious long-baseline experiment under construction in the US for the study
of neutrino oscillation and astroparticle physics. The DUNE far detector will employ the Liquid
Argon TPC technology, enhanced by a powerful Photon Detection System that records the 128 nm
scintillation light emitted by argon. The basic devices of this system are custom SIPMs.
A dedicated development program has been performed over the last three years by the DUNE PDS
Consortium together with Hamamatsu Photonics (HPK) and Fondazione Bruno Kessler (FBK).
The technology employed by Hamamatsu benefits from a low terminal capacitance and a new type
of metallic resistance with a tuneable thermal coefficient and an high quenching resistance system to
suppress large-amplitude afterpulses. This allows for careful tuning of the signal shape and recovery
time at 87 K to match the dynamic range needed in DUNE.
Similarly, FBK employed a well-established technology (NUV-HD-CRYO) as the backbone for the
customized SiPMs, using enlarged tranches to reduce cross talk.
The tests were performed in several labs in Europe and the US and investigated both performance
and cryo-reliability. The results include the complete characterization of the sensors (Dark Count
Rate, correlated noise, photon detection efficiency, etc.) and the most relevant phenomena that drive
the detector behaviour at cryogenic temperature (thermal behaviour, signal bandwidth evolution,
scaling of DCR, etc.).

A4 / 40

ATLAS MDT AMT Simulations for LHC Run3 and HL-LHC
Author: Stewart Martin-Haugh1

1 RAL

Corresponding Author: stewart.martin-haugh@stfc.ac.uk

The Large Hadron Collider (LHC) started Run 3 operation in 2022, and the peak instantaneous lu-
minosity will reach 2.3x1034 cm-2s-1 and the average number of collisions per bunch crossing is
expected to be around 60 in 2023. The ATLAS Monitored Drift Tube (MDT) chambers are the main
component of the precision tracking system in the ATLAS muon spectrometer. It is important to
understand any potential issues with the MDT Front-End (FE) readout electronics for an expected
Level 1 (L1) trigger rate of 98 kHz and a complex dead time of over 4% for RUN3 operations. We
use raw data collected in 2022 to emulate the expected hit rates in MDT chambers and perform a
realistic simulation on the ATLAS Muon TDC (AMT) chip with the current configuration. We study
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the AMT chip performances by analyzing the trigger/L1/readout buffer occupancies and hit-loss
fractions under different luminosities with L1 rate of 100 kHz by using the Modelsim software. The
hit-loss fraction of the hottest MDT chamber (BIL3C05) is lower than 0.1% due to FE readout, even
at a luminosity of 2.98 x1034 cm-2s-1 with a complex dead time of 5% and a L1 rate of 100 kHz,
indicating that AMT can operate under Run 3 conditions without problems. The MDT trigger and
readout electronics will be replaced for triggerless readout during High-Luminosity LHC (HL-LHC)
operation. We also simulate the AMT behavior in the trigger-less mode up to 7x1034 cm-2s-1 and
propose possible AMT configurations in case some FE electronics could not be replaced during the
pre-HL-LHC shutdown.

G3 / 41

FELIX Phase II, the ATLAS readout system for LHC Run 4
Author: Stewart Martin-Haugh1

1 RAL

Corresponding Author: stewart.martin-haugh@stfc.ac.uk

The FELIX system has been introduced as a readout system for ATLAS in LHC Run 3, for a subset
of the ATLAS subdetectors. An evolved version of FELIX, dubbed Phase II, will be deployed in Run
4 (2029 – 2032) and will serve all ATLAS subdetectors.
The FELIX Phase II system will be comprised of about 300 servers, each equipped with custom PCIe
FELIX cards and a 400 GbE network interface. The system will receive detector data at the rate of 1
MHz for a total throughput of 4.6 TB/s.
The new FELIX PCIe card for Run 4, called FLX-182, is equipped with a Xilinx Versal Prime VM1802
FGPA/SoC, a PCIe Gen4x16 interface, four optical links to relay Timing, Trigger and Control infor-
mation, and 24 optical links that operate up to 25 Gb/s to interact with the front-end electronics.
The FLX-182 runs FELIX firmware which has been redesigned and upgraded to deal with the higher
data and trigger rates, as well as newly added communication protocols for the subdetectors in AT-
LAS. The firmware design has passed a preliminary design review in January 2022. The primary
goals of the FELIX firmware are to decode and transfer the data from the front-ends into the host
server memory and to receive and distribute precise timing, trigger and control information.
The software running on the FELIX server will also be upgraded to deal with the increased data and
trigger rates.

A1 / 42

FASER Detector and First Physics Results
Author: Deion Fellers1

1 Uniiversity of Oregon

Corresponding Author: dfellers@uoregon.edu

FASER is an experiment dedicated to searching for light, extremely weakly-interacting particles that
are produced in the very forward direction of high-energy pp collisions at CERN’s Large Hadron
Collider (LHC). The detector is placed 480 m downstream of the ATLAS interaction point, aligned
with the beam collisions axis, and consists of both active electronic components intended to search
for BSM physics and a passive tungsten emulsion target intended for neutrino physics. This talk
will focus on giving an overview of the FASER detector and will also present our first physics results
using a dataset collected at center-of-mass energy

√
s = 13.6 TeV in 2022 during LHC Run 3, where

we were the first to directly observe neutrino interactions at a particle collider experiment and also
probed previously unconstrained phase space of the dark photon with couplings �10−5−10−4 and
masses ∼10 MeV - 100 MeV.
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A3 / 43

Design and Implementation of the TDAQ System for the JUNO-
TAO Detector
Author: Xiaolu Ji1

1 IHEP

Corresponding Author: jixl@ihep.ac.cn

The Taishan Antineutrino Observatory (TAO or JUNO-TAO) will be deployed next to a core of the
Taishan Nuclear Power Plant to measure the reactor neutrino spectrum precisely as a reference
spectrum for JUNO. TAO also aims to measure the fine structures for the first time and to test the
nuclear database used in the summation calculation of the spectrum. The ultra-high energy resolu-
tion of TAO is realized via an almost full coverage of its target volume, 2.8 ton gadolinium-doped
liquid scintillator, with about 10 m2 of cutting-edge silicon photomultipliers (SiPMs) with an high
photon detection efficiency. However, this will bring high data rate due to the dark count of SiPMs.
The TDAQ system, designed as a pure digital system, will process the high input data rates of O(100
Gbps) from the TAO detector by executing trigger algorithms on FPGA and compression strategies
on CPU. Finally, it will suppress the data storage bandwidth to less than 100 Mbps which is limited
by TAO onsite network. In this talk, the detailed design and implementation of TAO TDAQ system
will be presented.

A2 / 44

The KM3NeT underwater neutrino telescope: status and future
perspective

Author: Giovanna FerraraNone

Corresponding Author: gferrara@lns.infn.it

The KM3NeT collaboration started to build a multi-km3 neutrino telescope in the Mediterranean
Sea. The telescope is composed of the ARCA detector, optimised for searches for high-energy neu-
trino sources in the Universe and it is under construction at the Capo Passero site, Italy, 80 km
offshore at a depth of 3500 m; and the ORCA detector, near Toulon, France, 40 km offshore at a
depth of 2500 m, aimed at the determination of the mass hierarchy of neutrinos. The basic detection
element of the KM3NeT detector is the Digital Optical Module. The module is a pressure resistant
glass sphere, containing 31 photo-multipliers tubes. Eighteen modules are arranged in the Detection
Unit, a vertical string anchored on the sea floor. The Detection Units are deployed on the seabed to
form a three- dimensional array of optical modules to detect Cherenkov light produced by neutrino-
induced particles. In this contribution, an overview of the latest results and the future perspectives
for the KM3NeT telescopes to detect the high energy neutrino sources in the Universe with the ARCA
telescope and to determine the properties of the elusive neutrino particles with ORCA detector are
presented.

D5 / 45

Status of the FOOT experiment and first measurements of 16O
fragmentation cross sections on C target

Author: The FOOT collaborationNone

The study of nuclear fragmentation plays a central role in many important applications: from the
study of Particle Therapy up to radiation protection for space missions.
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In Particle Therapy, nuclear interactions of the beam with the patient’s body causes fragmentation
of both the projectile and target nuclei.
In treatments with protons, target fragmentation generates short range secondary particles along
the beam path, that may deposit a non-negligible dose especially in the entry channel. On the other
hand, in treatments with heavy ions, such as C or other potential ions of interest, like He or O, the
main concern is long range fragments produced by projectile fragmentation, that release the dose
in the healthy tissues downstream of the tumor volume.
Fragmentation processes need to be carefully taken into account when planning a treatment, in or-
der to keep the dose accuracy within the recommended 3% of tolerance level.
The assessment of the impact that these processes have on the released dose is currently very limited
from the lack of experimental data, especially for the relevant fragmentation cross sections. For this
reason, treatment plans are not yet able to include the fragmentation contribution to the dose map
with the required accuracy.
The FOOT (FragmentatiOn Of Target) collaboration designed an experiment to fill this gap in exper-
imental data, aiming the measurement of the differential cross sections of interest. In this contribu-
tion, an overview of the FOOT experiment, including the present detector design and the expected
performances will be discussed. In addition the measurement of the elemental fragmentation cross
sections for a 16O beam of 400 MeV/u kinetic energy interacting with a graphite target using a par-
tial setup composed of the FOOT scintillator detectors for the time of flight (TOF) and energy loss
(ΔE) measurements together with a drift chamber, used as beam monitor, will be shown.

D3 / 46

The drift chamber project for the Super Charm-Tau Factory de-
tector
Author: Dmitrii KyshtymovNone

The Budker Institute of Nuclear Physics is actively developing the Super Charm-Tau Factory (SCTF)
project, which is a mega-science class facility that will be used to study the decays of rare c-quarks
and tau-leptons in Sarov, Russia. A new drift chamber to the SCTF detector is proposed consisting
of 41 layers of hexagonal cells with an average radius of 7 mm in the He/C3H8 gas mixture. The
tasks of the tracking system are to provide efficient reconstruction of charged particles, to deter-
mine their momentum and to identify their type by measuring ionization energy losses. To obtain
more isotropic isochrones inside the cells a wire structure optimization algorithm was performed. A
momentum resolution was simulated, for pions with an energy of 1 GeV it is equal to 0.35%.

The spatial resolution was measured at various gas amplifications on a drift chamber small prototype
consisting of 7 hexagonal cells. The average spatial resolution is less than 100 mkm.

E2 / 47

Development of Hit Finding Algorithms for the DUNE Experi-
ment Using SiMD Parallel Processing
Author: Adam Abed Abud1

1 CERN

Corresponding Author: adam.abed.abud@cern.ch

The DUNE experiment will start operating at the end of this decade, with the objective of measur-
ing in detail neutrino oscillations, and other rare physics processes. Four far detectors modules (17
kt each) will be installed at SURF, in South Dakota, about 1.5 km underground. The data selection
system of one DUNE far detector module’s Time Projection Chamber (TPC) relies on the real-time
processing of approximately half a million channels sampled at 2 MHz. Data for each channel are
analyzed to identify activity incompatible with noise (hit finding). The hits are then clustered and
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processed further to form a trigger decision. The aim of the DUNE data selection system is to reduce
the data volume produced by the detector electronics by four orders of magnitude. In this paper,
after the description of the application design, we present the implementation and tuning of mul-
tiple software-based hit finding algorithms. The high rate of incoming data (~20 GB/s per host) is
sustained through the employment of SiMD parallel processing, using algorithm implementations
based on the AVX2 instruction set. We show the obtained performance comparing it across multiple
CPU hardware platforms and conclude by illustrating live results from recent tests at a setup using
prototype detector components.

F4 / 48

Development and prototype of a new luminometer for the ATLAS
experiment during Run 3 and Run 4 of the LHC

Author: Song-Ming WangNone

Corresponding Author: smwang@phys.sinica.edu.tw

The Beam Monitor for ATLAS detector (BMA) is an additional luminosity monitor for the ATLAS
experiment, targeting the luminosity determination in Run 4 of the Large Hadron Collider (LHC).
The detector is composed of small square pads with about 1mm per side of Low Gain Avalanche
Detector (LGAD) silicon sensors, intended to be placed in the ATLAS detector forward shielding at
about 16m from the interaction point.
The detector is innovative in several aspects: It does not need an external cooling system, and its
readout preamplifiers are meant to be placed at about 25m distance from the sensors, in an area in
which the radiation levels for the electronics can be neglected. Moreover, the tiny acceptance of the
small pads is supposed to minimize systematic effects in the luminosity determination due to pile-up
of several interactions in a single or consecutive proton-bunch crossings.
A two-channels prototype of the detector has been installed already for Run 3 of the LHC and
recorded data in the year 2022. A modified version is set up for data-taking in the current year
2023.
The talk will present the technical details of the project regarding the sensors, their cooling, and
the readout system. A short summary of the performances obtained during the detector operation
periods so far will be given in addition.

D5 / 49

Positron Emission Tomography with Pixelized Liquid Argon De-
tectors
Authors: Mitch Soderberg1; Thomas Murphy1

1 Syracuse University

Corresponding Authors: msoderbe@syr.edu, thmurphy@syr.edu

There have been significant advances in the use of Liquid Argon Time Projection Chambers (LArT-
PCs) for the study of neutrinos in recent years. The low-energy particle identification capabilities
and scalability of LArTPCs with pixelated charge readout systems could provide enhanced perfor-
mance in detecting the Compton scattering of photons used in medical imaging techniques such as
Positron Emission Tomography (PET). This presentation will describe investigations of the optimiza-
tion of LArTPCs for the detection of photons with energies corresponding to those used in PET scans,
which already suggest the potential for significant improvement over traditional PET devices based
on scintillation crystals. The details of a simulation that includes both charge and light collection
in a pixel-based LArTPC will be described, as will the status of efforts to measure the performance
of a prototype device using radioactive sources. Finally, preliminary plans for a larger-scale PET
LArTPC device will be discussed.
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JUNO’s potential for GeV events
Author: Hongyue Duyang1

1 Shandong University

Corresponding Author: duyang@sdu.edu.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a next-generation 20
kton liquid scintillator detector under construction in southern China. It is designed to determine
the neutrino mass ordering via the measurement of reactor neutrino oscillation. In addition, it has
the potential for various other topics including atmospheric neutrinos, cosmic muons, etc., in the
GeV energy region. Liquid scintillator detectors such as JUNO have good energy resolution and low
threshold, but traditionally have relatively limited capabilities in tracking and directionality mea-
surements. In this talk, I present the development of a novel reconstruction method which greatly
expands JUNO’s capability for GeV events. This method combines PMT waveform analysis and ma-
chine learning techniques, and can be used to reconstruct multiple quantities such as directionality,
energy, vertex, and track. Preliminary performance results with MC simulation are presented. The
method is applicable to other liquid scintillator detectors as well, which makes liquid scintillator
detectors good candidates for future physics measurements in the GeV energy region.

D1 / 51

ALICE ITS3: how to integrate a large dimension MAPS sensor in
a bent configuration detector
Author: Domenico Colella1

1 INFN and University of Bari

Corresponding Author: domenico.colella@ba.infn.it

The ALICE collaboration foresees the replacement of the three innermost layers of the present inner
tracking system (ITS2), during the LHC long shutdown 3, with a completely new system, called
ITS3. The expected performance will improve the pointing resolution of the tracking, particularly
at low transverse momentum, hence significantly extending the heavy flavour physics program of
the experiment.

The full detector consists of two half-barrels, each containing three sensors, of the size up to ~26 cm
x ~10 cm, bent in a half-cylindrical shape, spaced by 6 mm in a concentrical configuration, covering
a pseudo rapidity acceptance up to ±2.5 (layer 0). The development of a wafer size MAPS sensor is
based on 65 nm technology, using the stitching technique to allow for a sensor size exceeding the
technologies reticle size. A sensor thickness of less than 50 um and the usage of extremely light
support structures based on carbon foam and air cooling allow reducing the material budget per
layer to the order of 0.05% X/X_0 in the detector active area. Replacement of the beam pipe allows
placing the first detector layer only 1.8 cm far from the interaction point.

The contribution will describe the global detector integration concept, focusing on: the sensor bend-
ing procedure at different thicknesses to the target radii, the electrical interconnection techniques via
wire-bonding and the choice of the best carbon foam, in terms of material density and thermal dissi-
pation properties, as light mechanical supporting structures. Details on the electrical characteristics
and mechanical integration of the flexible circuits designed to provide power and communication
with sensors will be discussed, as well as findings from the study of the cooling by air at the ex-
pected dissipated power. Moreover, results on the effects of the bending on already available 180
nm sensors (ALPIDE), both in laboratory and in particle beams, and on new 65 nm prototype sen-
sor structure, will be exposed. Finally, the outcome of the assembly of the first working large-scale
sensor detector prototype, called super-ALPIDE, will be reported.
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Development of wavelength-shifting plate light collector for Outer
Detector of Hyper-Kamiokande
Author: Alexander Izmaylov1

Co-authors: Alexei Khotjantsev 1; Gleb Erofeev 1; Nikolai Yershov 1; Oleg Mineev 1; Yury Kudenko

1 INR, Moscow

Corresponding Authors: kudenko@inr.ru, alex@inr.ru, izmaylov@inr.ru, oleg@inr.ru, yarshov@inr.ru, erofeev@inr.ru

Hyper-Kamiokande (HK) is a next generation underground water Cherenkov detector to be built in
Japan for neutrino oscillation studies, proton decay searches, and neutrino astrophysics. An Outer
Detector (OD) will provide information to identify interactions originating from particles outside the
inner detector of HK and to veto background events. The baseline configuration of OD includes a few
thousand photosensitive units. Each unit consists of a 3-inch PMT with a wavelength shifting (WLS)
plate mounted around it to collect Cherenkov light, reemit it and concentrate on the PMT. The plates
doped with different fluors were tested in air and water using a set of UV LED light sources with
different wavelengths. The photon detection efficiency of wavelength shifting fluors, side reflectors,
optical coupling between a PMT and a plate were studied. Presented results include comparative
performance of WLS plates, absolute photodetection efficiencies, parameters of attenuation and light
collection efficiency, optimization of chemical composition of WLS dopants.

E1 / 53

ALICE Inner Tracking System upgrade: characterization of first
chips fabricated in 65 nm CMOS technology
Author: Antonio Trifirò1

1 Università di Messina & INFN sez. di Catania

Corresponding Author: atrifiro@unime.it

The Inner Tracking System of ALICE (A Large Ion Collider Experiment) will undergo a major up-
grade during the next Long Shutdown of LHC aimed at enhancing the tracking capability. In partic-
ular, the three innermost sectors of the current vertex tracker will be replaced by truly cylindrical
layers produced by using curved (wafer-scale) silicon sensors thinner than 50 µm, based on mono-
lithic active pixel structures realised in a 65 nm CMOS process. The innermost layer will be placed
at only 18 mm of radial distance from the interaction point guaranteeing at the same time a material
budget as low as 0.05% of a radiation length X0.

The R&D on the sensor ASICs involves a series of submissions in silicon and the first one (named
MLR1: Multi-Layer per Reticle 1) was completed at the end of 2020. MLR1 provided several test
structures containing transistors, memories and small matrices of pixels with integration of front-
end electronics inside the sensitive area of the pixels; these devices have been used to qualify the
technology in terms of performance and radiation hardness. In particular, to evaluate the charged
particle detection performance, this first submission includes 3 variants of pixel matrices: analog
pixel test structure (APTS, 4x4 pixels of 10, 15, 20 and 25 µm pitch, with analog readout); digital pixel
test structure (DPTS, 32x32 pixels of 15 µm pitch, with digital in-pixel discrimination and digital read-
out); CE65 (64x32 pixels of 15 µm pitch, test structures with rolling shutter analog readout).

This contribution will provide an overview of these test structures, describing the results of char-
acterisations performed with radioactive sources and beam tests in order to choose the best pixel
pitch and sensor configuration, optimising timing, charge collection efficiency and stability after ra-
diation damage. The obtained results show a satisfactory behaviour as 100% efficiency for charged
particles in the range of GeVs and timing of few ns, giving the direction for the next submission
(ER1: Engineering Run 1) directed to large, stitched sensor chips.
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Design and Implementation of the DAQ System for the HEPS-
BPIX 6M Detector

Author: Shuihan Zhang1

1 Institute of High Energy Physics

Corresponding Author: zhangshuihan@ihep.ac.cn

The High Energy Photon Source (HEPS) is a 4th generation synchrotron radiation light source of
ultrahigh brightness that is currently under construction in China. HEPS-BPIX 6M is a dedicated
silicon pixel detector under development that will be used in HEPS. The detector hosts about 6 million
pixels which will be assembled with 40 modules, covering a large effective detection area of about
28.8 x 40.5 cm2. The readout chip supports dual threshold readout and achieves maximum frame rate
up to 1 kHz. The characteristics of the detector leads to high readout data bandwidth, which brings
challenges for the data acquisition. Based on the detector’s specifications, a distributed DAQ system
has been designed to achieve high-throughput data readout, high-performance data processing and
real-time data storage. Meanwhile, friendly user interface has been provided for configuration, run
control, real-time monitoring and so on. The detailed design, implementation and performance tests
will be presented in this talk.

D1 / 55

The ATLAS HL-LHC Upgrade Program

Author: Marco Leite1

1 USP

Corresponding Author: leite@cern.ch

While the on-going Run-3 data-taking campaign will provide twice the integrated proton-proton
luminosity currently available at the LHC, most of the data expected for the full LHC physics pro-
gram will only be delivered during the HL-LHC phase. For this, the LHC will undergo an ambitious
upgrade program to be able to deliver an instantaneous luminosity of 7.5×1034 cm−2 s−1, allowing
the collection of more than 3 ab−1 of data at

√
s =13.6 (14) TeV. This unprecedented data sample will

allow ATLAS to perform several precision measurements to constrain the Standard Model Theory
(SM) in yet unexplored phase-spaces, in particular in the Higgs sector, a phase-space only accessible
at the LHC. To benefit from such a rich data-sample it is fundamental to upgrade the detector to
cope with the challenging experimental conditions that include huge levels of radiation and pile-up
events. The ATLAS upgrade comprises a completely new all-silicon tracker with extended rapidity
coverage that will replace the current inner tracker detector; a redesigned trigger and data acquisi-
tion system for the calorimeters and muon systems allowing the implementation
of a free-running readout system. Finally, a new subsystem called High Granularity Timing Detec-
tor, will aid the track-vertex association in the forward region by incorporating timing information
into the reconstructed tracks. A final ingredient, relevant to almost all measurements, is a precise de-
termination of the delivered luminosity with systematic uncertainties below the percent level. This
challenging task will be achieved by collecting the information from several detector systems using
different and complementary techniques.
This presentation will describe the ongoing ATLAS detector upgrade status and the main results ob-
tained with the prototypes, giving a synthetic, yet global, view of the whole upgrade project.

F4 / 56
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Diamond XBPM Detector System for the HEPS(High Energy Pho-
ton Source ,China)
Authors: Zhenjie Li1; Jingkui He1; Monan Liu1; Peng Liu1; Ziyu Bao1; yaoguang liu1

1 Institute of High Energy Physics,CAS

Corresponding Author: lizj@ihep.ac.cn

High Energy Photon Source (HEPS) is a high-performance and high-energy synchrotron radiation
light source with a beam energy of 6GeV and an ultra-low emittance of better than 0.06nm.rad.
HEPS will be the first high-energy synchrotron radiation light source in China. It will make many
contributions to the development of science and technology in China. This light source can provide
essential support for the breakthroughs in technological and industrial innovation. In the mean
time, HEPS provides a state-of-the-art and multi-disciplinary experimental platform for basic science
researchers.
The XBPM detector based on a single crystal diamond is used to detect the position of the X-ray
beam, to provide accurate position feedback information for optical control system. The dynamic
range of the detector is from nA to mA in the linear range and the position resolution ranges from
microns to tens of nanometers. The diamond sensor is 50μm thick to ensure the samll absorption.
The electronic system includes a weak current transfer and the data acquisition.The sampling rate is
from 4MHz to 1Hz and the signal noise is processed by digital filtering algorithm inside the FPGA.
The XBPM system will installed in the HEPS beamlines in 2024.

A2 / 57

JUNO underground facility
Author: Xiaonan Li1

1 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing

Corresponding Author: lixn@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO), with 53 km baseline from a set of nu-
clear reactors under construction, and featuring an overburden of more than 700 meters, will aim
at measuring the neutrino mass hierarchy, as well as many other quantities of utmost importance
in neutrino and astroparticle physics. The underground experimental hall, in which JUNO detector
installed and characterized by a width of 50 meters., was excavated underneath granite mountain as
well as facility halls and tunnels.
The kick-off of the civil construction was on January 10, 2015 and finished at end of 2021. This poster
shows layout of underground facility and conditions provided for experiment.

A2 / 58

Status of the JUNO-TAO Detector
Author: Yuguang Xie1

1 IHEP�CAS, China

Corresponding Author: ygxie@ihep.ac.cn

The Taishan Antineutrino Observatory (TAO or JUNO-TAO) is a satellite experiment of the Jiangmen
Underground Neutrino Observatory (JUNO). By adopting 10 m^2 Silicon Photomultipliers (SiPMs)
with 50% photon detection efficiency (PDE) and 94% coverage, and 2.8 ton gadolinium-doped liquid
scintillator (GdLS) with 4500 photoelectrons per MeV effective light yield, TAO detector will reach
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2%/√E when running at -50℃ low temperature. The high energy resolution of TAO offers good
potential to precisely measure the reactor antineutrino spectrum providing reference for JUNO, and
a new benchmark for nuclear database. TAO could also measure isotopic neutrino spectrum and
monitor the reactor. In this talk, the status of detector design and construction, liquid scintillator,
SiPM mass testing, muon veto, calibration, and 1:1 prototype will be presented.

E1 / 59

Integration Tests with 2S Module Prototypes for the Phase-2 Up-
grade of the CMS Outer Tracker

Author: Lea StockmeierNone

Corresponding Author: lea.stockmeier@kit.edu

The CMS experiment will be upgraded until 2028 to deal with the increased luminosity of the HL-
LHC. During this Phase-2 Upgrade, the CMS Outer Tracker will be equipped with modules each
assembled with two silicon sensors. These are placed on mechanical structures in form of ladders in
the central barrel of the Outer Tracker or disks in the endcap region.

During the prototyping phase the modules are initially investigated individually to evaluate their
performance. Next steps are integration tests performed with the purpose to test the module func-
tionality on the final detector structures. Investigations focus on the cooling performance as well as
on electrical performance of a group of modules on the supporting structures.

This contribution summarizes integration tests with the Outer Tracker module prototypes. The main
focus will be on a cooled ladder integration test performed at CERN and a full ladder integration test
at Institut Pluridisciplinaire Hubert Curien (Strasbourg).

D5 / 60

HEPS-BPIX40: the upgrade of the hybrid pixel detector for the
High Energy Photon Source
Authors: Wei Wei1; Jie Zhang1; Zhenjie Li1; Mingyi Dong1; Zhe Li1; Xiaolu Ji1; Ke Fang1; Hangxu Li1; Yan Zhang1;
Si Ma1; Zengqiang Gao1; Peng Liu1; Yuanbai Chen1

1 IHEP, CAS

Corresponding Author: weiw@ihep.ac.cn

HEPS-BPIX40 is a new hybrid pixel detector specifically designed for the High Energy Photon Source,
which is currently under construction in Beijing, China. It is a full upgrade from both the chip
and detector module of its former version, BPIX20. The pixel chip comprises a matrix of 128 x 96
pixels, with each pixel measuring 140 μm x 140 μm. The pixel circuit operates in the single photon
counting mode with dual thresholds, featuring programmable gains for different beam energies and
deadtimeless readout. The counting depth for each threshold is designed to be 14 bits, and the frame
rate was tested to be 2 kHz when operating in continuous readout mode. The chip was designed
using CMOS 130 nm technology and fabricated by 12-inch wafers, with a yield of 97% tested by a
dedicated probe card. Assembled by 2 x 6 chips, a detector module covers an area of 3.7 cm x 8.1
cm. The periphery circuit of the chip was optimized along its height, allowing the assembly gap
between multiple modules to be as small as 3 mm, even with conventional wire-bonding processes.
All chips of the module were bump bonded by the CuSn process with high yield. The noise after
packaging was tested to be about 112e-, and the equalized non-uniformity was found to be 123e-.
The full system will consist of 40 modules to implement a detector with approximately six million
pixels. This paper presents a detailed design and test results of the detector.
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Future ASICs for calorimetry at OMEGA
Author: Christophe de LA TAILLE1

1 OMEGA CNRS/IN2P3 and Ecole Polytechnique

Corresponding Author: taille@in2p3.fr

Calorimeters have recently evolved to provide much more granularity in order to better identify par-
ticles inside showers and improve the energy resolution, in particular for jets. “Imaging calorimetry”
has been studied in detail by the CALICE collaboration since the mid 2000s and more recently chosen
by the CMS experiment to equip its endcap calorimeter. Imaging calorimetry increases by one or two
orders of magnitude the number of channels and requires readout electronics embedded onto the
detectors. Also recently, timing information with a few tens of picoseconds accuracy has been added
to the energy measurements and provides valuable supplementary information. All these improve-
ments have been made possible by high performance readout ASICs, handling the large calorimeter
dynamic range with high speed low noise performance while operating at low power (~20 mW/ch).
In the future, the granularity will continue to increase, requiring even lower power operation. This
will be achieved by further progress on the analog front-end and also advanced on-chip data pro-
cessing.
OMEGA laboratory has been developing the SKIROC/SPIROC/HARDROC ASIC family for the CAL-
ICE readout and more recently HGCROC for CMS HGCAL, which is now undergoing its final tests
before fabrication for the HL LHC. Their design and performance will be recalled and the archi-
tectural choices and prototypes in design for the future experiments (EIC, ILC, FCC…) will be pre-
sented.

F2 / 62

TPC Development for the ILD Detector at ILC (On behalf of the
LCTPC Collaboration)
Authors: Huirong Qi1; (Speaker will be chosen by the LCTPC Collaboration)None

1 IHEP, China

Corresponding Author: elovechy@163.com

A large, worldwide community of physicists is working to realize an exceptional physics program of
energy-frontier, electron-positron collisions with the International Linear Collider (ILC) and other
collider projects (summarized and evaluated in https://arXiv.org/abs/2208.06030).
The International Large Detector (ILD) is one of the proposed detector concepts at the next electron-
positron linear collider (ILC). The ILD tracking system consists of a Si vertex detector, forward track-
ing disks, and a large volume Time Projection Chamber (TPC), all embedded in a 3.5 T solenoidal field.
The TPC is designed to provide up to 220 three dimensional points for continuous tracking with a
single-hit resolution better than 100 μm in rφ, and about 1 mm in z. An extensive research and devel-
opment program for a 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 Gaseous Detector (MPGD) readout modules of the near-final proposed TPC-design,
has been built as a demonstrator at the 5 GeV electron test-beam at DESY. Three MPGD concepts are
being developed for the TPC: Gas Electron Multiplier, Micromegas and Pixel, also known as Grid-
Pix (MicroMegas integrated on a Timepix chip). Successful test beam campaigns with the different
technologies have been carried out during the last decade. Fundamental parameters such as trans-
verse and longitudinal spatial resolution and drift velocity have been measured. In parallel, a new
gating device based on large-aperture GEMs has been successfully developed. Recent R&D also led
to a design of a Micromegas module with monolithic cooling plate in 3D printing and 2-phase CO2
cooling. In this talk, we will review the track reconstruction performance results and summarize
the next steps towards the TPC construction for the ILD detector. The TPC with pad (pixel) readout
electronics is designed to have about 10e6 pads (10e9 pixels) per endcap for continuous tracking and
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a momentum resolution of delta(1/pT) ~ 1x10e-4/GeV (TPC only) (delta(1/pT)~0.8x10e-4}/GeV (60%
coverage, TPC only)), and the dE/dx resolution is ~5 % (~4 %). The momentum resolution including
all tracking subdetectors is 2x10e-5/GeV.

A4 / 63

PFA reconstruction for the transverse crystal bar ECAL in the fu-
ture lepton colliders
Authors: Fangyi Guo1; Yang Zhang2; Weizheng Song2; Linghui Wu2; Shengsen Sun2; Xinchou Lou2; Yifang
Wang2

1 Institute of High Energy Physics, CAS
2 IHEP, CAS

Corresponding Authors: guofangyi@ihep.ac.cn, sunss@ihep.ac.cn

Future electron-positron colliders require precise energy resolution of jets to measure the Standard
Model particles and explore new physics. A novel electromagnetic calorimeter (ECAL) with trans-
verse crystal bars has been proposed for the future electron-positron collider experiments, offering
high intrinsic energy resolution, 3D granularity required by the Particle Flow Approach (PFA) and
O(10) fewer readout channels. The main challenges of this new design are the ambiguity problem
for multiple simultaneously injected particles from the perpendicular arrangement of crystal bars
and the overlap between showers from larger Moliere radius of the crystal.

In this report we will present a new PFA with several sub-algorithms to address above issues, and
prove the feasibility of this ECAL design. The ambiguity problem is solved by multiple optimized
pattern recognition approaches, and the overlapping showers are addressed by an energy splitting
module. The global performance is preliminary investigated within the Circular Electron Positron
Collider (CEPC) environment. The results indicate that the proposed ECAL design, combined with
the self-designed PFA approach, offers a promising solution for future collider experiments. It im-
proves the energy resolution and is compatible with the PFA idea. This can be a new option to the
future collider experiment technology.

G2 / 64

High spatial resolution of Time Projection Chamber R&D at high
luminosity Tera-Z on CEPC
Authors: Huirong Qi1; Yue Chang2; Xin She2; Liwen Yu2

1 Institute of High Energy Physics, CAS
2 IHEP, CAS

Corresponding Authors: elovechy@163.com, liwen.yu@ihep.ac.cn, changyue@ihep.ac.cn, shexin@ihep.ac.cn

The Circular Electron Positron Collider (CEPC) was been proposed as a Higgs and high luminosity Z
factory in last few years. The detector conceptual design of a updated detector consists of a tracking
system, which is a high precision (about 100μm) spatial resolution Time Projection Chamber (TPC)
detector as the main track device in very large 3D volume. The tracking system required the high pre-
cision performance requirements, but without power-pulsing not likely as the International Linear
Collider (ILC), which leads to additional constraints on detector specifications, especially for the case
of the machine operating at the high luminosity Z pole (Tera Z). TPC detection technology requires
longitudinal time resolution of about 100ns and the physics goals require Particle Identification De-
tection (PID) resolution of very good separation power with cluster counting to be considered. A
number of critical issues are still remaining regarding the TPC research. The simulation and PID
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resolution show TPC technology potential to extend Tera Z at the future e+e- collider.
In this talk, I will present the feasibility and status of high precision TPC as the main track detector
for e+e collider. The traditional pad readout is designed about 1mm x 6mm and the pixelated readout
is designed about 55μm x 5μm or bigger size. Compared with the pad readout, the pixelated readout
option will obtain the better spatial resolution of single electrons, the very high detection efficiency
in excellent tracking and good dE/dx performance. A smaller prototype TPC has been developed
with a drift length of 500 mm, gaseous chamber, 20000V field-cage, the low power consumption FEE
electronics and DAQ have been commissioned and some studies have been finished. Some updated
experimental results including the spatial resolution, the gas gain, the laser track reconstruction
and dE/dx will be reported. The track performance results and summarize the next steps of the
pad/pixelated TPC technology for e+e- collider will presented in this talk.

F4 / 65

MCP-Based Detectors for Diagnostics of Circulating Beams in the
NICA Accelerating Complex
Authors: Alexey Beloborodov1; Andrey Safonov1; Anton Baldin1; Dmitry Bogoslovski1; Dmitry Korovkin1; Pavel
Khariyuyzov1; Sergey Chetverikov2

Co-author: Andrey Butenko 1
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Corresponding Authors: khariyuyzov@gmail.com, an.baldin@mail.ru, butenko@jinr.ru, d.korovkin69@gmail.com,
safonov766andrew@gmail.com, s.a.chetverikov@mail.ru, aleksstt@gmail.com, bogoslovski.dimson@mail.ru

A promising diagnostic system for circulating beams based on microchannel plates (MCP) is pre-
sented in the framework of implementation of the NICA project. The profile monitors developed,
manufactured and tested in Nuclotron and Booster provide measurements in a range of intensities
of single-charged ions from 103 to 108 which is not covered by other existing measurement equip-
ment. The experimental data on space-time characteristics of beams from single-charged to heavily
stripped ions are presented. The loading and time characteristics, as well as the advantages and
disadvantages of MCP-based detectors are discussed. Another application of MCP-based detectors
is a measurement of small-angle scattering in the SPD experiment at the NICA collider. The advan-
tages of such detectors are precise determination of the interaction vertex and sub-nanosecond time
resolution. Both were experimentally demonstrated.
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Investigation of Neutron Radiation Damage in 4H-SiC PiN Diodes

Authors: Andreas Gsponer1; Philipp Gaggl2; Matthias Knopf1; Jürgen Maier1; Richard Thalmeier1; Simon Emanuel
Waid1; Thomas Bergauer2

1 Austrian Academy of Sciences
2 Austrian Academy of Sciences
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Silicon Carbide (SiC) is a wide-bandgap semiconductor that has recently become a topic of intensi-
fied interest in the HEP instrumentation community due to the availability of high-quality wafers
from the power electronics industry. SiC features multiple advantageous material properties over
silicon. It is insensitive to visible light, hypothesized to be more radiation hard, and has much lower
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leakage currents, even after irradiation. Especially for future high-luminosity experiments, the radia-
tion hardness is an essential parameter. One of the most important metrics associated with radiation
hardness is the charge collection efficiency (CCE), which typically decreases with irradiation due to
the formation of traps and defects. A thorough understanding of these traps and defects is crucial
for estimating the performance of a detector over its lifetime and can open to the door to techniques
such as defect engineering.
We present the current status of characterization and simulations for 50 μm thick 4H SiC PiN diodes
together with radiation hardness studies. The characterization work includes the determination of
material parameters of 4H-SiC (ionization energy and Fano factor) and comparisons to TCAD and
Monte-Carlo simulations. Recently, significantly increased signals (with respect to unirradiated sam-
ples) were reported for neutron-irradiated SiC diodes in forward bias using UV-TPA-TCT, hinting
at charge multiplication. We re-investigate neutron irradiated 4H-SiC PiN diodes (fluences between
5 × 1014 and 1 × 1016 cm−2 1 MeV neutron equivalent neq) which have been previously charac-
terized using UV-TCT and alpha spectroscopic measurements. The CCE and transient waveforms
were measured in forward and reverse bias using alpha and UV-TCT measurements. Furthermore,
I-V and C-V measurements for forward as well as reverse bias voltages of up to 3kV were performed
to serve as additional input in understanding observed radiation damage. For samples irradiated to
5× 1014 and 5× 1014 neq cm−2, the CCE in the forward direction grows exponentially, surpassing
100% and coinciding with an increase in the leakage current. At the highest irradiation fluence, no
exponential behavior was observed. However, the CCE in the forward direction was found to be
larger than for reverse bias. For this fluence, the leakage current remained below 1 nA.
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Status and prospects of the low radioactivity Argon for dark mat-
ter searches
Author: Roberto Santorelli1

1 CIEMAT - Madrid

Corresponding Author: roberto.santorelli@ciemat.es

A major global effort is currently underway to obtain radiopure argon for DarkSide-20k (DS-20k),
the first large-scale detector of the Global Argon Dark Matter Collaboration (GADMC). The Urania
project aims to extract underground argon (UAr) from CO2 wells in the USA at a production rate of
approximately 300 kg/day. Additional chemical purification of the UAr will be necessary before it can
be used in the DS-20k LAr-TPC. The Aria project will purify the UAr using a cryogenic distillation
column (Seruci-I), located in Sardinia, Italy. To assess the radiopurity of the UAr in terms of Ar-39, the
GADMC is building the DArTinArDM experiment at the LSC laboratory in Spain. The DArT chamber
(~1 liter) containing underground Argon will be placed in the center of the ~1-ton atmospheric argon
ArDM detector, which acts as an active veto for gammas from the detector materials and surrounding
rock. DArT is designed to measure the Ar-39 contamination in the UAr with a sensitivity better than
1 mBq/kg, ensuring the radiopurity level of the different UAr batches necessary for DS-20k.
In this talk, I will provide an overview of the status and prospects of the UAr projects for DarkSide-
20k.
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System Design and Prototyping for the CMS Level-1 Trigger at
the High-Luminosity LHC
Author: Alexandre Zabi1
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The High-Luminosity LHC will open an unprecedented window on the weak-scale nature of the
universe, providing high-precision measurements of the standard model as well as searches for new
physics beyond the standard model. Such precision measurements and searches require information-
rich datasets with a statistical power that matches the high-luminosity provided by the Phase-2 up-
grade of the LHC. Efficiently collecting those datasets will be a challenging task, given the harsh
environment of 200 proton-proton interactions per LHC bunch crossing. For this purpose, the trig-
ger and data acquisition system of the Compact Muon Solenoid (CMS) experiment will be entirely
replaced. Novel design choices have been explored, including ATCA prototyping platforms with
SoC controllers and newly available interconnect technologies with serial optical links with data
rates up to 28 Gb/s. Trigger data analysis will be performed through sophisticated algorithms, in-
cluding widespread use of Machine Learning, in large FPGAs, such as the Xilinx Ultrascale family.
The system will process over 60 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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The phase-1 upgrade of the ATLAS level-1 calorimeter trigger
Author: Stewart Martin-Haugh1
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The ATLAS level-1 calorimeter trigger is a custom-built hardware system
that identifies events containing calorimeter-based physics objects,
including electrons, photons, taus, jets, and missing transverse energy.
In Run 3, L1Calo has been upgraded to process higher granularity
input data. The new trigger, currently running in parallel with the
legacy system, comprises several FPGA-based feature extractor modules,
which process the new digital information from the calorimeters and
execute more sophisticated trigger algorithms. The design of the
system will be presented along with an analysis of the improved
performance of the upgrade in the increasingly challenging Run-3
LHC pile-up environment.
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The new readout system for the Alice Zero Degree Calorimeters
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The Zero Degree Calorimeters (ZDC) were designed to provide the measurement of the event geom-
etry and luminosity in heavy-ion operation.
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In order to exploit the potential offered by the LHC increased luminosity in Run 3 the ZDC upgraded
its readout system to be able to acquire all collisions in self-triggered mode without dead time.
The purpose of the upgrade was to enable the detector to cope with the increased event rate, while
preserving its time and charge resolution performance.
The ZDC operating conditions in Run 3 Pb-Pb collisions are extremely challenging due to the pres-
ence of ElectroMagnetic Dissociation processes (EMD).
When running in self-triggered mode the ZDC system will need to sustain a readout rate of ~ 2.5
MHz for the channels of the most exposed calorimeters that compares to the foreseen hadronic rate
of 50 kHz sustained by the other detectors.
The previous electronics, based on Charge-to-Digital Converters (QDCs), with a fixed dead time of
~ 10 us, and on readout through VME bus, could not cope with such a high rate.
Moreover, a crucial aspect of the ZDC operation in Run 3 is acquiring the events with a reduced
bunch spacing of 50 ns (lower than the length of the signal of ~ 60 ns) in the presence of a large
signal dynamics (from a single neutron to ~ 60 neutrons).
The new acquisition chain is based on a commercial 12 bit digitizer with a sampling rate of about 1
GSps, assembled on an FPGA Mezzanine Card.
The signals produced by the ZDC channels are digitized, and samples are processed through an FPGA
that, thanks to a custom trigger algorithm, flags for readout the relevant portion of the waveform
and extracts information such as timing, baseline average estimation and luminosity.
The architecture of the new readout system, the auto trigger strategy, the firmware structure and
the ZDC performance during the 2022 Pb-Pb collisions are presented.
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The upgrade of the CMS Muon System for the LHC Phase 2

Author: Gabriella PuglieseNone

Corresponding Author: gabriella.pugliese@cern.ch

During the Phase 2, the Large Hadron Collider (LHC) will increase the instantaneous luminosity to
5-7.5 x 10^34 cm-2 s-1, representing a new challenge for the Muon System of the CMS detector. To
cope with the new data-taking conditions and to improve the present tracking and triggering capa-
bilities, the muon system will undergo specific upgrades targeting both the electronics and detectors.
The upgrade of the electronics will involve all legacy systems, based on Drift Tubes (DT) and Resis-
tive Plate Chambers (RPC), in the barrel region, and Cathode Strip Chambers (CSC) and RPC in the
endcap region. In order to restore the Muon System redundancy in the high eta region and further
extend the coverage up to |η| ~2.8, new stations based on triple Gas Electron Multiplier (GEM) and
Improved RPC (iRPC) will be installed. During the second long shutdown LS2 (2019-2021), the first
GEM station and few GEM and iRPC demo-chambers were installed. Moreover, some prototypes
of the new On Board electronics for DT(OBDT) were installed in the CMS slice-test demonstrators.
In this presentation, we report the status of the Muon Upgrade project, including the performance
results of the already installed systems with the Run-3 data. The status of the production and vali-
dation tests of the new detectors that will be installed before LS3 and of the new electronics boards
to be installed during LS3 will be also reported.
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The Upgrade of the Level-1 Muon Trigger at the CMS experiment
for the High-Luminosity LHC era

Author: Jacobo Konigsberg1
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We present an innovative upgrade to the CMS Level-1 Muon trigger for the High Luminosity LHC
(HL-LHC) era. The upgrade includes a new, modular, ATCA, time-multiplexed, platform that hosts
large FPGAs and can run a variety of muon reconstruction algorithms, including Machine Learning
based ones. The system also takes advantage of the availability of tracks at the Level-1 from the CMS
track trigger upgrade project. We will describe the full system, the algorithms that are expected to
run in it and their performance in the challenging conditions of the HL-LHC
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Status of low-pressure Time Projection Chamber for ion identifi-
cation in Accelerator Mass Spectrometry
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The Accelerator Mass Spectrometry technique makes it possible to measure rare long-lived isotopes
such as 10Be, 14C, 26Al, 129I. The content of these isotopes can be at the level of 10−15 of the
total element content. The Accelerator Mass Spectrometer developed by Budker Institute of Nuclear
Physics (BINP AMS) successfully measures the concentration of 14C relative 12C. However, there
is a problem of separating the 10B isobaric background from 10Be. Beryllium-10 is used to date
geological objects on a time scale from 1 thousand years to 10 million years.
To solve this problem we have proposed a new technique for ion identification based on measuring
both ion track ranges and ion energies in a low-pressure Time-Projection Chamber (TPC) with Gas
Electron Multiplier (GEM) readout. We have developed the TPC with a dedicated thin silicon nitride
window for an efficient passage of ions. To begin with, the characteristic of the low-pressure TPC
were studied in isobutane at a pressure of 50 torr using alpha particle sources.
In this work, we set up the low-pressure TPC on BINP AMS facility and successfully measured track
ranges and energies of ions from samples containing 14C. At the next stage, we are going to carry
out measurements with samples containing 10Be. However, using the obtained results and SRIM
simulation we have already shown that the isobaric boron and beryllium ions can be separated by
more than 10 sigma. This technique is proposed to be applied in AMS for dating geological objects,
namely for geochronology of Cenozoic era.
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Design and performance of one Shashlyk calorimeter for the SoLID
project at Jefferson Lab
Authors: Cunfeng Feng1; Hao Sun1; Dong Liu1; Xiaochao Zheng2
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SoLID (Solenoidal Large Intensity Device) is a large acceptance spectrometer which can handle very
high luminosity, being planned at Jefferson Lab, USA. The Shashlyk-type sampling detector will be
used for the electromagnetic calorimeter for SoLID. Several modules of Shashlyk electromagnetic
calorimeter have been built in our laboratory to study the structure and the performance. The ma-
chining process for several essential materials will be introduced in this talk. One testing system
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with cosmic ray muon is setup based on flash ADC to study the performance of the module, includ-
ing the light yield and timing. The effect of the mirror on fiber end, package and coating of the
module will be study. One on-line calibration scheme of the calorimeter is discussed. One super-
module is assembled with seven modules, the combined test of multi-module with inclined incident
muon also will be presented.
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Longevity Studies of the CMS Muon System for HL-LHC
Author: Lisa Borgonovi1

1 Università e INFN Bologna

Corresponding Author: lisa.borgonovi@cern.ch

During the upcoming years of the High Luminosity Large Hadron Collider (HL-LHC) program, the
CMS Muon spectrometer will face challenging conditions. The existing detectors, which consist
of Drift Tubes (DT), Resistive Plate Chambers (RPC), and Cathode Strip Chambers (CSC), as well
as recently installed Gas Electron Multiplier (GEM) stations, will need to sustain an instantaneous
luminosity of up to 5 − 7 · 1034 cm−2s−1, resulting in increased pile-up, and about 10 times the
expected LHC integrated luminosity. To cope with the high rate environment and maintain good
performance, additional GEM stations and improved RPC (iRPC) detectors will be installed in the
innermost region of the forward muon spectrometer. The CMS muon system upgrade program
includes, together with the substitution of the on-detector and backend electronics of the existing
detectors, accelerated irradiation studies performed at the CERN Gamma Irradiation Facility (GIF++)
or with specific X-ray sources, in order to certify the detector performance for 10 years of operation
under the harsh HL-LHC conditions. Furthermore, since RPCs and CSCs use gases with a global
warming potential (GWP), ongoing efforts are being made to find new eco-friendly gas mixtures, as
part of the CERN-wide program to phase out fluorinated greenhouse gases. This report presents the
status of the CMS Muon system longevity studies, along with actions taken to reduce detector aging
and minimize greenhouse gas consumption.
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ASHIPH Cherenkov counters in the KEDR experiment
Author: Ivan OvtinNone

Corresponding Author: ovtin.ivan@gmail.com

The particle identification system ASHIPH (Aerogel, SHifter, PHotomultiplier) has been working in
the KEDR experiment at VEPP-4M e+e−-collider (Budker INP, Novosibirsk) since 2014. The system
consists of 160 aerogel cherenkov counters arranged in two layers and covers 96% of the solid angle.
The volume of aerogel is 1000 liters, its refractive index is 1.05. For the photon detection we use the
Micro Channel Plate (MCP) PMTs. π/K separation in the momentum range from 0.95 to 1.45 GeV/c
is better than 4σ. The status of the system is presented. The long-term stability of aerogel counters
in the KEDR experiment is shown. A review of the use of ASHIPH system for perform physical
analysis in the KEDR experiment is presented, such as measurements of the masses of neutral and
chargeD-mesons and measurement the branching fractions of J/ψ meson decays to the final states
pp̄, 2(π+π−)π0, K+K−π+π−π0, 2(π+π−) and K+K−π+π−.
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Spin Physics Detector at the NICA accelerator complex
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The Spin Physics Detector (SPD) is designed as a universal 4π detector with advanced tracking and
particle identification for studying the spin structure of the proton and deuteron and other spin-
related phenomena. The detector will be installed at one of the two beam intersection points of the
NICA collider, which is currently at the final stage of construction at JINR. A luminosity of 1032
cm−2s−1 can be achieved in collisions of pp beams at the maximum interaction energy of 27 GeV.
Both longitudinal and transverse beam polarizations will be available. The SPD detector will be
equipped with silicone vertex and straw-tube detectors for tracking, time-of-flight and Cherenkov
systems for particle identification, an electromagnetic calorimeter, and a range system for muon
identification. A solenoidal magnetic field of 1 T will be provided by a superconductive magnet.
The presentation will give an overview of the evolving detector design. The commissioning of the
detector is divided into two stages. The data taking of the first stage is planned for the end of this
decade.
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Significant performance recovery of SiPMs’ irradiation damage
with in-situ current annealing
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We have developed a technique that utilizes the forward current to heat and anneal SiPMs to miti-
gate the effects of radiation damage in high-radiation environments. We conducted an experimen-
tal study on the radiation damage and recovery of SiPMs. SiPMs from three different manufactur-
ers (SengL, Hamamatsu, and Beijing Normal University) were examined. Unlike the conventional
method of using low current for prolonged periods, our approach yields a substantial annealing
effect in a shorter duration of tens to hundreds of seconds using higher current (about 0.8 A). A
magnitude reduction of 1-2 orders in the dark current of all SiPMs was observed post-annealing.
When the irradiated SiPMs were subjected to temperature sensitivity testing from -30℃ to 20℃, it
was noticed that in-situ current annealing corrected the decreased sensitivity of SiPMs to temper-
ature and enhanced the energy resolution of SiPMs, which restored the peak position of SiPMs to
nearly 80% of their pre-irradiation levels. In conclusion, our outcomes demonstrate considerable en-
hancement of SiPM properties following in-situ current annealing. Therefore, our short-duration but
higher-ampere in-situ annealing provides a practical and effective method to improve the radiation
resistance of SiPMs in space and collider experiments.
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Low radioactivity and Multi- disciplinarily Underground Labora-
tory of Modane (LSM)
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The Modane Underground Laboratory (LSM) is located 1700 m (4800 m.w.e) below Fréjus peak
(Alpes chain) mountain in the middle of the Fréjus tunnel between France/Italy. The LSM is a
multi-disciplinary platform for the experiments requiring low radioactivity environment. Several
experiments in Particle and Astroparticle Physics, low-level of High Purity of Germanium gamma
ray spectrometry, biology and home land security hosted in the LSM. It’s equipped by Anti-Radon
facility where all of the detectors are under Radon depleted Air. We will present the LSM structure
and briefly reviewed of all experiments are installed in.
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The Silicon Vertex Detector of the Belle II Experiment
Author: Stefano Bettarini1
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In June 2022 the data taking of the Belle II experiment was stopped for the Long Shutdown 1 (LS1),
which is primarily required to install a new two-layer DEPFET detector (PXD) and upgrade compo-
nents of the accelerator. The whole silicon tracker (VXD) will be extracted from Belle II, then the
outer four-layer double-sided strip detector (SVD) is split into its two halves to allow access for the
PXD installation. Then a new VXD commissioning phase will begin such that it will be ready to take
data by the end of 2023. We describe the challenges and status of this VXD upgrade.
In addition, we report on the performance of the SVD, which has been operated since 2019. The high
hit efficiency and the large signal-to-noise are monitored via online data-quality plots.
The good cluster-position resolution is estimated using the unbiased residual with respect to the
track, resulting in reasonable agreement with the expectations. A novel procedure to group SVD hits
event-by-event, based on their time, has been developed. Using the grouping information during re-
construction allows to significantly reduce the fake rate while preserving the tracking efficiency.
So far, in the layer closest to the I.P., the SVD average occupancy has been less 0.5%, which is well
below the estimated limit for acceptable tracking performance. As the luminosity increases, higher
machine backgrounds are expected and the excellent hit-time information in SVD can be exploited
for background rejection. We have developed a method that uses the SVD hit-time to estimate the
collision time (event-T0) with similar precision to the estimate based on the drift chamber. The exe-
cution time needed to compute SVD event-T0 is three orders of magnitude smaller, allowing a faster
online reconstruction that is crucial in a high luminosity regime. Furthermore, the front-end chip
(APV25) is operated in “multi-peak” mode, which reads six samples. To reduce background occu-
pancy, trigger dead-time and data size, a 3/6-mixed acquisition mode, based on the timing precision
of the trigger, has been successfully tested in physics runs.
Finally, concerning the radiation damage, the SVD dose is estimated by the correlation of the SVD
occupancy with the dose measured by the diamonds of the monitoring and beam-abort system. Al-
though the sensor current and the strip noise have shown a moderate increase due to radiation,
we expect the detector performance will not be seriously degraded during the lifespan of the detec-
tor.
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The ATLAS ITk Strip End-of-Substructure Card - From design to
production

Authors: Marcel Stanitzki1; Artur BoebelNone; Harald CeslikNone; Mogens Dam2; Sergio Diez Cornell1; Cameron
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The building blocks of the ATLAS Strip Tracker for HL-LHC are modules that host silicon sensors
and front-end electronics. The modules are mounted on carbon-fiber substructures hosting up to 14
modules per side. An End-of-Substructure (EoS) card on each substructure side connects up to 28
differential data lines at 640 Mbit/s to lpGBT and VL+ ASICs that provide data serialization and 10
GBit/s optical data transmission to the off-detector systems respectively. A dedicated, magnetic-field
resistant DC-DC converter provides both 1.2 and 2.5 V to the EoS using the rad-hard bPol ASICS
from CERN. Overall almost 2000 EoS card need to be manufactured.
The EoS card recently went into production and we report on our first experience during production
and integration. Additionally we report results from recent quality assurance tests as well as lessons
learned throughout the project from design to production.
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Development of an active Transverse Energy Filter (aTEF) with
angular-dependent electron detection for background reduction
at the KATRIN experiment
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The KATRIN experiment aims at the direct measurement of the neutrino mass scale via precision
endpoint spectroscopy of tritium β-decay. The current upper limit on the neutrino mass set by KA-
TRIN is 0.8 eV/c² (90% C.L.) (Nature Physics 18, 160–166 (2022)). Despite advances in background
reduction, the elevated background level prohibits to achieve its target sensitivity of 0.2 eV/c² (90%
C.L.).
Our investigations showed that the special nature of the background allows in principle differen-
tiating background (small pitch angles) from β-decay electrons (large pitch angles). Therefore, one
option to reduce the background is by implementing an “active Transverse Energy Filter” (aTEF, Eur.
Phys. J. C 82, 922 (2022)), which discriminates electrons at the detector based on their pitch angle.
First aTEF prototypes fabricated at the University of Münster show the expected angular-selective
electron detection.
This contribution presents the concept of an active Transverse Energy Filter, its fabrication process
and the performance of current prototypes in a test setup. It furthermore gives an outlook on the
potential for background reduction and the related sensitivity improvement from an implementation
of an aTEF at KATRIN.
This work is supported by BMBF under contract number 05A20PMA and Deutsche Forschungsgemein-
schaft DFG (Research Training Group GRK 2149) in Germany.
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ATLAS ITk Pixel Detector Overview
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In the high-luminosity era of the Large Hadron Collider, the instantaneous luminosity is expected
to reach unprecedented values, resulting in up to 200 proton-proton interactions in a typical bunch
crossing. To cope with the resulting increase in occupancy, bandwidth and radiation damage, the
ATLAS Inner Detector will be replaced by an all-silicon system, the Inner Tracker (ITk). The inner-
most part of the ITk will consist of a pixel detector, with an active area of about 13 m2. To deal with
the changing requirements in terms of radiation hardness, power dissipation and production yield,
several silicon sensor technologies will be employed in the five barrel and endcap layers. Prototype
modules assembled with RD53A readout chips have been built to evaluate their production rate. Ir-
radiation campaigns were done to evaluate their thermal and electrical performance before and after
irradiation. A new powering scheme – serial – will be employed in the ITk pixel detector, helping to
reduce the material budget of the detector as well as power dissipation. This contribution presents
the status of the ITk-pixel project focusing on the lessons learned and the biggest challenges to-
wards production, from mechanics structures to sensors, and it will summarize the latest results on
closest-to-real demonstrators built using module, electric and cooling services prototypes.
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The fixed-target experiment “Baryonic Matter at Nuclotron” (BM@N) is aimed to study characteris-
tics of hot and dense nuclear matter produced in nucleus – nucleus collisions at beam energies of 2
– 4 A GeV. The developed trigger system is an important part of the experiment and allows fast and
effective selection of nucleus – nucleus interactions in a target. It includes several subsystems such
as beam and multiplicity detectors, fast electronics, trigger unit with programmable logic, graphical
user interface and special software for monitoring beam conditions, detector/trigger operation and
communication with DAQ. The trigger system was implemented and evaluated in the recent BM@N
experimental run with a Xe ion beam and a CsI target. The description of the system is presented
with emphasis on its performance in the run.
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Construction of the JUNO Detector
Author: Xiaoyan MaNone

Corresponding Author: maxy@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose experiment with a 20
kton liquid scintillator (LS) detector of unprecedented 3% energy resolution (at 1 MeV) at 700 meter
underground (1800 m.w.e.). The liquid scintillator target is contained in an acrylic sphere with a
diameter of 35.4 meter, which is supported by a stainless steel latticed shell structure outside. There
are about 18,000 20-inch photomultiplier tubes (PMTs) and 25,000 3-inch PMTs facing inwards and
installed at the inner surface of stainless steel structure with extremely high photon coverage. The
detector is located in a water pool which mitigates the natural radioactivity from the surrounding
rocks. The onsite installation of the JUNO detector, which is expected to face enormous challenges
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and difficulties due to the huge size and high requirement, started in early 2022 after completing
the civil construction. The stainless steel structure had been almost finished except the bottom
area, which is also served as the transportation path during the acrylic vessel construction, and
120,000 sets of special bolts were used during assembly. Right after the construction of stainless steel
structure, the onsite installation of the acrylic vessel started from top to bottom, which requires 263
huge acrylic panels to be bulk-polymerized layer by layer. The PMTs installation follows the acrylic
sphere construction. The detector will be filled 20 kton LS in the acrylic vessel and 3.5 kton ultra-
pure water in the water pool next year. This talk will focus on the construction status of the JUNO
detector, and some key points during stainless steel and acrylic structure installation.

D1 / 87

The ALICE Inner Tracking System Upgrade
Author: Valerio Sarritzu1

1 CERN

Corresponding Author: valerio.sarritzu@cern.ch

The ALICE experiment at CERN is developing an upgrade of the three innermost layers of the Inner
Tracking System (ITS3) vertexing detector, to be installed during the Long Shutdown 3 of the LHC
(2026-28)[1]. It will consist of three truly cylindrical sensors wrapped around the beam pipe, a
concept that is enabled by the flexible nature of silicon when thinned down to less than 50 µm[2]. The
three layers will be installed at a distance of 30, 24, and 18 mm from the interaction point, respectively
— so close that a thinner beam pipe will also be installed. Full tracker half-layers will be covered by
single wafer-scale CMOS monolithic active pixel bent detectors measuring up to 10×26 cm2 in size,
manufactured in a commercial 65 nm technology developed by Tower Partners Semiconductor Co.
(TPSCo). In order to build detector elements larger than the reticle size, a process called stitching is
used to join detector elements to build sensors up to 300 mm in length in a single wafer. Mechanical
support is provided by carbon foam spacers, dramatically reducing the material budget in the region
close to the interaction point from the current 0.35% X/X0 down to 0.05% X/X0 per layer. The
new technology also provides improved power efficiency below 20 mW/cm², only requiring the use
of forced air for cooling.

At the core of the development, the R&D process of the sensor ASIC poses an entire new set of
challenges mainly revolving around designing and validating the first wafer-scale silicon detector
for high-energy physics. To this purpose, a submission named Engineering Run 1 has been delivered
in April 2023 that includes a large stitched detector prototype named Monolithic Stitched Sensor
(MOSS). MOSS is the first full-size stitched sensor demonstrator designed to validate manufacturing
yield and feasibility of power and signal transmission. A custom readout system has been developed
to test the MOSS in all of its features and evaluate its functional yield at a high level of granularity
down to each single one of its 7 million pixels. This was a challenge in itself, given the nearly
3000 connections needed to operate it and the expertise required to handle, bond, and mechanically
support such a huge and delicate sensor in a variety of use cases such as lab testing or test beams.
This contribution will provide an overview of the detector, the MOSS prototype, and its test system,
including the early results of its characterization.

[1]
Musa, L. et al.,
Letter of Intent for an ALICE ITS Upgrade in LS3,
CERN-LHCC-2019-018; LHCC-I-034

[2]
Aglieri Rinella, G. et al.,
First demonstration of in-beam performance of bent Monolithic Active Pixel Sensors,
Nuclear Inst. and Methods in Physics Research A 1028 166280
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The ATLAS ITk Strip Detector for the Phase-II LHC Upgrade
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The ATLAS ITk Strip Detector for the Phase-II LHC Upgrade
ATLAS-ITK Strip Collaboration

The inner detector of the present ATLAS experiment has been designed and developed to function in
the environment of the present Large Hadron Collider (LHC). At the ATLAS Phase-II Upgrade, the
particle densities and radiation levels will exceed current levels by a factor of ten. The instantaneous
luminosity is expected to reach unprecedented values, resulting in up to 200 proton-proton interac-
tions in a typical bunch crossing. The new detectors must be faster and they need to be more highly
segmented. The sensors used also need to be far more resistant to radiation, and they require much
greater power delivery to the front-end systems. At the same time, they cannot introduce excess
material which could undermine tracking performance. For those reasons, the inner tracker of the
ATLAS detector was redesigned and will be rebuilt completely.

The ATLAS Upgrade Inner Tracker (ITk) consists of several layers of silicon particle detectors. The
innermost layers will be composed of silicon pixel sensors, and the outer layers will consist of silicon
microstrip sensors. This contribution focuses on the strip region of the ITk. The central part of the
strip tracker (barrel) will be composed of rectangular short (~ 2.5 cm) and long (~5 cm) strip sensors.
The forward regions of the strip tracker (end-caps) consist of six disks per side, with trapezoidal
shaped sensors of various lengths and strip pitches. After the completion of final design reviews
in key areas, such as Sensors, Modules, Front-End electronics, and ASICs, a large scale prototyping
program has been completed in all areas successfully. We present an overview of the Strip System
and highlight the final design choices of sensors, module designs and ASICs. We will summarise
results achieved during prototyping and the current status of pre-production and production on
various detector components, with an emphasis on QA and QC procedures.
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Doped cryogenic crystals for fundamental physics researches
Authors: Marco Guarise1; Roberto Calabrese2; Giovanni Carugno3; Luca Tomassetti2
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The electron electric dipole moment (e-EDM) is a model-independent probe of parity and time-
reversal violation at energies beyond the ones that can be reached in particle colliders. The PHYDES
project is an R&D experiment funded by CSN V of INFN aimed to test innovative approaches for
e-EDM studies. In particular, the proposed idea is to use diatomic polar molecules, where e-EDM
effects are amplified because of the large internal molecular field, embedded into cryogenic matrices
made of unreactive elements. In such solids, a diatomic molecule substitutes an atom of the host
matrix leading to a density of the host molecules as large as 1018 cm−3.

The main goal of the PHYDES R&D program would be to embed Barium Fluoride (BaF) molecules in
a solid matrix of para-Hydrogen (p-H2), to study their alignment with an external electric field and
to verify the assumption that BaF molecules are all polarized in p-H2 matrix.
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The set-up we are developing to grow cryogenic crystal of around 1 cm3 doped with about 100 ppm
of BaF, consists of five different modules. In the first one the BaF molecues are produced, ionized,
accelerated and focused into the Wien Filter chamber which is necessary for mass selection. Then
the molecular beam will be neutralized and cooled in order to prepare the BaF for the insertion in
cryogenic crystal. In parallel we are developing an opportune system for para-Hydrogen production
and storage. Finally the last chamber is the condensation chamber where p-H2 and BaF are mixed
together in order to form a solid crystal through the matrix isolation technique.

The presentation will focus on the experimental results obtained untill now.
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Prototype validation for the CMS Inner Tracker Phase-2 upgrade

Author: Nazar Bartosik1

1 INFN Torino

Corresponding Author: nazar.bartosik@cern.ch

The Inner Tracker of the CMS experiment will be replaced during the Phase-2 upgrade in order
to maintain nominal performance under the harsh conditions of HL-LHC. The main factors defining
the new detector design are:
- radation dose: 1 MeV neutron equivalent fluence of up to 2.3 x 10^16 neq/cm^2 and a total ionizing
dose (TID) of up to 12 MGy (1.2 Grad);
- projected hit rates of up to 3 GHz/cm^2;
- pile-up of 140-200 collisions per bunch crossing.
The core components of the Inner Tracker making it compatible with these conditions are pixel
sensors with smaller thickness and finer pitch, as well as a new readout chip with improved radiation
hardness.

This contribution will give an overview of the Phase-2 upgrade of the CMS pixel tracker, fo-
cusing on the ongoing testing and validation of module prototypes in preparation for large-scale
production. This includes wafer-level testing of readout chips, laboratory characterisation of assem-
bled module prototypes and testing their performance with charged-particle beams.
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The 3-inch PMT system and its progress at JUNO
Author: Jilei Xu1

1 IHEP, China

Corresponding Author: xujl@ihep.ac.cn

About 25 thousand 3-inch PMTs (SPMTs) were designed to install in JUNO detector between the gaps
of about 18 thousand 20-inch PMTs (LPMTs) to enhance the detector performance, such as improving
energy resolution and nonlinearity, extend JUNO physics like supernova neutrino detection and so
on. Currently, all the parts of SPMT system, such as SPMTs, cables, electronics and under water
boxes have already been mass produced and delivered to the JUNO site. They are being installed in
the JUNO underground detector. The SPMT system and the installation progress will be presented
in this talk.
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The Water Cherenkov Detector of JUNO
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Corresponding Author: luhq@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a large liquid scintillator detector be-
ing built for neutrino detection. The detector will be built in a laboratory at 700-m underground for
cosmic muon-induced background reduction. The 20 kton of liquid scintillator target is in an acrylic
sphere surrounded by 17612 20-inch large PMTs that compose the central detector. A 34 kton ul-
trapure water pool surrounds the central detector, and 2400 20-inch PMT is installed as a Water
Cherenkov detector for cosmic muon detection and background reduction. On top of the water pool
was a top tracker detector for muon tracking for Li9/He8 background study. The water pool’s wall
inner surface and the stainless steel’s outer surface are covered with Tyvek reflectors to increase
light collection efficiency. A water system is used for water purification and circulation to main-
tain high water quality for better detector performance. A set of radon removal equipment will be
integrated with the water system to reduce the radon-induced background in water, with anticipa-
tion of radon concentration in water reduced to 10mBq/m^3.The main goal of JUNO is for neutrino
mass ordering determination; it is also a multi-purpose experiment, such as supernova neutrino,
atmospheric neutrino, solar neutrino, and nuclear decay, being also detected in addition to reactor
neutrino detection. The cosmic muon detection efficiency of the water Cherenkov detector is >99%,
and the cosmic muon-induced fast neutron background can also be controlled to ~0.1/day level. This
presentation will cover the design and status of the Water Cherenkov detector of JUNO.
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JUNO’s R&D Program for Neutrinoless Double Beta Decay
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It is extremely important for future neutrinoless double-beta (0νββ) decay experiments to reach a
sensitivity to effective Majorana neutrino mass |mββ |~meV. At this level, the determination of neu-
trinos’ Majorana nature, absolute masses and the constraints on one of two Majorana CP phases
are possible, which will provide profound insights into understanding the neutrino mass origin and
the observed matter-antimatter asymmetry in our Universe. The Jiangmen Underground Neutrino
Observatory (JUNO), which has the largest liquid scintillator (LS) detector with extremely low back-
ground and excellent energy resolution, will be online soon. JUNO has great potential to be upgraded
to search for 0νββ and to reach a sensitivity of |mββ |~meV after its primary mission on the deter-
mination of neutrino mass ordering and the precision measurements of oscillation parameters is ac-
complished. The dedicated R&D program focused on the LS doping with a suitable 0νββ-decaying
isotope and the purification, as well as on the development of advanced techniques for background
rejection, are being carried out in the past and forthcoming years. If successful, JUNO could be
ready to begin searching for 0νββ decays at the turn of the next decade. This talk will report the
up-to-date R&D progresses on Tellurium-doped LS development and the studies on the cosmogenic
backgrounds on Tellurium.

C4 / 94
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Wavelength shift fiber enhancing PMT for the water Cherenkov
detector prototype at very high energy Gamma-ray observatory
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The Southern Wide-field Gamma-ray Observatory (SWGO) is the proposal for a new ground-based
gamma-ray observatory in the Southern Hemisphere, and an array of water-Cherenkov detectors
(WCD) will be used to monitor the very-high-energies gamma-ray emission from the southern sky.
In this report, we propose one fiber-PMT, small size photomultiplier tube (PMT) coupling with wave-
length shift fiber bunch to enhance light collection efficiency, to be used as photosensor for these
WCDs. This is a cost effective approach with respect to a large area PMT currently used in WCD.
One WCD prototype has been built in our laboratory with this fiber-PMT, XP3960 PMT and Ku-
raray Y11 fiber bunch the structure of this fiber-PMT photosensor and the WCD will be introduced.
The light yield and time resolution of this fiber-PMT WCD prototype has tested with cosmic ray
muon, the single particle peak is clear visible with charge resolution 19% and time resolution less
than 4 ns. The uniformity of this WCD is also tested with cosmic ray muon by changing the trigger
prober position and direction. The simulation based on GEANT4 also is developed to optimize the
performance of this detector, including the effect of detector area, water depth and fiber length. The
optimized WCD design demonstrates the potential for improved performance while reducing costs
and simplifying installation and maintenance processes.
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The performance of atmospheric neutrino identification in JUNO

Author: Yongpeng ZhangNone
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The Jiangmen Underground Neutrino Observatory (JUNO) with a 20 kton liquid scintillator (LS)
detector is a multi-purpose underground experiment. The neutrino mass ordering (NMO) in JUNO
can be determined by measuring atmospheric neutrinos with the matter effect (MSW) and measuring
the spectrum modification of reactor anti-neutrinos induced by oscillations with ∆M31

2, respectively.
The two independent methods are complementary, and the joint analysis can greatly increase the
NMO sensitivity. Considering the signal efficiency and purity, flavor identification is crucial to the
NMO sensitivity of atmospheric neutrino. Based on the high detection efficiency of a LS detector for
neutrons and Michel electrons compared with other detector like a water Cerenkov detector, we can
make full use of these particle’s distribution information for particle identification (PID), particularly
for the identification of neutrinos and anti-neutrinos. The features extracted from the waveforms of
the photomultiplier tubes are also used. The preliminary PID strategy and results of the atmospheric
neutrino based on multiple machine learning methods will be presented in this contribution.
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Radiation Hard Pixel Sensors for the Phase 2 Upgrade of the CMS
Inner Tracker
Author: Georg Steinbrueck1

1 Hamburg University

Page 41



Technology & Instrumentation in Particle Physics (TIPP2023) / Book of Abstracts

Corresponding Author: georg.steinbrueck@desy.de

The Inner Tracker (IT) of the Compact Muon Solenoid (CMS) experiment of the Large Hadron Col-
lider at CERN will be upgraded for the High-Luminosity LHC (HL-LHC). In the ultimate running
scenario, the expected integrated luminosity at the end of the HL-LHC running phase is 4000 fb−1,
corresponding to a 1 MeV neutron equivalent fluence of 3.5 × 1016 cm−2 and a total ionizing dose
(TID) of 19 MGy at the innermost layer of the IT. All the layers of the IT (except for the innermost
barrel layer) will be equipped with planar n+-p pixel sensors with an active thickness of 150 µm and
pixel sizes of 25 µm x 100 µm. The innermost barrel layer will feature 3D silicon sensors owing to
their excellent radiation hardness and lower power consumption; and it is foreseen to be exchanged
at least once during HL-LHC operation. Planar and 3D prototype sensors from different producers
and with a variety of pixel cell designs were bump bonded to the demonstrator readout chip (RD53A)
and to the CMS prototype chip (CROC), both implemented in 65 nm CMOS technology. In this pre-
sentation, we report on an extensive qualification campaign performed over the last four years in
the laboratory and at the CERN and DESY test beam facilities. The sensor-chip assemblies were
tested before and after proton irradiation up to end-of-lifetime fluences of 2× 1016. Measurements
of the hit efficiency, spatial resolution, crosstalk, and noise studies are presented. For all parameters
investigated, the results meet or exceed the specifications by CMS. Based on the results of these mea-
surements and on tracking and thermal simulations, sensor designs were chosen for the IT Upgrade
and CMS has started to prepare for the production phase of pixel sensors and modules. The main
lessons learned on the path to the choice of a radiation hard sensor will be summarized.
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Status of the 20-inch PMTs for the JUNO experiment
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The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose neutrino experiment
with a 20 kton Liquid Scintillator central detector. The primary goal of JUNO is determination of the
neutrino mass ordering by measuring the reactor antineutrinos. There are 20012 20-inch PMTs for
JUNO, 17612 for the central detector and 2400 for the outer water-Cherenkov detector. To achieve the
unprecedent energy resolution of 3% at 1MeV, the 20-inch PMTs will have high detection efficiency
(>27%), high optical coverage (>75%), and high reliability (failure rate < 0.5% in the first 6 years) when
running in the water up to 44 m in depth. Testing and Instrumentation of these PMTs have been
working for several years, now installation of the PMTs for JUNO has started. In this talk, a summary
of the results of PMT testing, waterproof potting and implosion protection will be presented, with a
focus on the status of PMT installation and the in-situ test at JUNO.

D3 / 98

Advancing RPC Detectors with Alternative Eco-Friendly Gas Mix-
tures and Recuperation systems
Authors: Gianluca Rigoletti1; Beatrice Mandelli1; Roberto Guida1

1 CERN
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Resistive Plate Chamber (RPC) detectors, employed in the muon systems of CERN LHC experiments,
are operated with gas mixtures containing C2H2F4 (R-134a) and SF6, both greenhouse gases (GHGs)
with a high global warming potential (GWP). Among strategies developed by CERN Gas Team to
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reduce GHG emissions, one branch is focused on studying alternative gas mixtures and one on
recuperating gases from gas mixtures used in the detectors. Firstly, R-1234ze is investigated as a
potential replacement for R-134a, with additional tests exploring the necessity of a fourth gas to
maintain the same working point range as R-134a based gas mixture. The performance of RPCs
with R-1234ze was evaluated at different gamma rates in the presence of a muon beam at the CERN
GIF++ facility by measuring efficiency, streamer probability, induced charge, cluster size, and time
resolution. Secondly, adding CO2 to the standard gas mixture is studied as a mid-term solution to
reduce R-134a usage and decrease CO2-equivalent emissions by 15-20%. These gas mixtures were
characterized using muon beams and gamma background at the GIF++ facility, and an aging test is
planned with the collaboration of EP-DT Gas team, ATLAS, and CMS RPC teams. This mid-term
solution is particularly relevant to the ATLAS RPC system, as its leak rate disallows the use of a
recuperation system. The third strategy involves the development of an R-134a recuperation system
for the standard gas mixture, with a prototype tested in 2020-2021 and a production version under
operation at CMS. This recuperation system separates and recuperates R-134a from the standard
gas mixture with an efficiency of approximately 80%, allowing the recovered gas to be reused and
injected into the system.
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Early Performance of the Scintillating Fibre Tracker for the LHCb
Upgrade
Author: Jan de Boer1
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LHCb has undergone a major upgrade during LHC LS2 (2019-2022) to cope with increased instanta-
neous luminosities and a 40 MHz read-out with a full software-based trigger and real-time analysis
to improve on many world-best physics measurements. A light and homogeneous tracking detector
based on plastic scintillating fibres has been installed downstream of the LHCb dipole magnet.
The Scintillating Fibre (SciFi) tracker covers an area of 340 m2 by using more than 10,000 km of blue
emitting scintillating fibre with 250 μm diameter, enabling a spatial resolution of better than 80 μm
for charged particles and a hit efficency better than 99%. Six-layer fibre mats of 2.4 m length are
assembled to form individual detector modules (0.5 m x 4.8 m) consisting of eight fibre mats each.
Linear arrays of Silicon Photomultipliers cooled to -40 ℃ are placed at the fibre ends. The readout of
524k channels occurs through custom-designed front-end electronics with fast 10 ns shaping, dual
integrators, and a 3-comparator flash ADC to digitise the signals. An FPGA clusters the signals over
threshold and outputs a barycentre to the 40 MHz DAQ farm with a total bandwidth of over 20
Tbits/sec.
At the time of the conference, the commissioning will be complete with measurements of the early
performance of the detector in 2022 and 2023. The presentation will include the first results of the
SciFi detector performance as well as results from SiPM irradiations studies.

A3 / 100
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Several physics experiments are moving (or are evaluating the possibility to move) towards new
acquisition models. The tendency is to leave the hardware trigger system in favour of a complete or
partial acquisition of the front-end data paired with a powerful online software event discrimination.
Hardware trigger systems usually have to deal with a tight latency budget due to the narrow readout
buffering. To reduce the selection inefficiencies resulting from the adoption of not optimal trigger
algorithms due to the limited time budget and online computing resources, the main trigger schema
is going to be revisited. The traditional first trigger level is going to be replaced by a hardware pre-
processing of the data stream followed by a software online selection [1,2,3].
In a DAQ system a large fraction of CPU resources is engaged in networking rather than in data
processing. The common network stacks that take care of network traffic usually manipulate data
through several copies performing expensive operations. Thus, when the CPU is asked to handle
networking, the main drawbacks are throughput reduction and latency increase due to the overhead
added to the data transmission process. Networking with zero-copy can be achieved by adding a
RDMA layer to the network stack and making dedicated hardware take care of the burden of the
stack handling.
The main goal of the RDMA implementation in the detector front-end electronics is to move up
the adoption of clever networking protocols to the data producer. Therefore, it is the front-end
electronics that could take care of initiating the RDMA transfer towards the computing farm. In such
a way it is possible to eliminate the point-to-point connection between the front-end and the back-
end leaving the freedom of switching dynamically the routing to the computing nodes according
to their processing availability. By appropriately choosing the network protocol for RDMA it is
also possible to obtain a two-fold benefit. The possibility of adopting commodity hardware makes
the DAQ system reduce reliance on custom hardware and it exploits all the advantages of a mature
technology. In this way, the DAQ system gains in scalability and easiness of maintainability.
RoCE is the natural choice as it is the only industry-standard Ethernet-based RDMA solution with
a multi-vendor ecosystem. In this work the main firmware block needed for the realisation of the
RoCE endpoint has been implemented and verified. A real-time firmware simulation of the RoCE
network stack has been developed where real network packets are exchanged between free-running
Systemverilog code and the host machine via a TUN/TAP device which emulates a connection with
a physical device (FPGA). The second part is devoted to show the verification process of the modified
RoCE stack using the tools developed so far such as the novel simulation framework. The lightweight
RoCE will be a stripped down version of the already verified firmware allowing the deployment on
FPGAs with a low resource pool possible target devices could be rad-hard FPGAs used in front-end
detector boards.
[1] LHCb Collaboration, LHCb Trigger and Online Upgrade Technical Design Report, CERN-LHCC-
2014-016, LHCB-TDR-016
[2] CMS Collaboration, The Phase-2 Upgrade of the CMS Data Acquisition and High Level Trigger
Technical Design Report, CERN-LHCC-2021-007, CMS-TDR-022
[3] Ryu, FELIX: The new detector readout system for the ATLAS experiment, JINST Volume 898,
2017
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The LHCb experiment has been upgraded during the second long shutdown
of the Large Hadron Collider at CERN, and the new detector is currently
operating at the LHC. The Vertex Locator (VELO) is the detector
surrounding the interaction region of the LHCb experiment, responsible of
reconstructing the proton-proton collision (primary vertices) as well as
the decay vertices of long-lived particles (secondary vertices).
The VELO is composed by 52 modules with hybrid pixel detector technology,
operating at just 5.1 mm from the beams. The sensors consist of
200 µm thick n-on-p planar silicon sensors, read out via 3 VeloPix ASICs.
The sensors are attached to a 500 µm thick silicon plate, which embeds
19 micro-channels for the circulation of the CO2 evaporative cooling.
The VELO operates in an extreme environment, which poses significant challenges
to its operation. During the lifetime of the detector, the sensors are foreseen
to accumulate an integrated fluence of up to 8× 1015 1MeV neqcm−2,
roughly equivalent to a dose of 400 MRad. Moreover, due to the geometry
of the detector, the sensors will face a highly non-uniform irradiation,
with fluences in the hottest regions expected to vary by a factor 400 within the same sensor.
The highest occupancy ASICs foresee a maximum pixel hit rate of 900 Mhit/s and an output
data rate exceeding 15 Gbit/s. The design, operation and early results obtained during
the first year of commissioning will be presented.

F5 / 103

Transient Studies using a Technology Computer-Aided Design
and Allpix Squared combination approach
Author: Manuel Alejandro Del Rio Viera1

Co-authors: Simon Spannagel 1; Ingrid-Maria Gregor 1; Håkan Wennlöf 1; Anastasiia Velyka 1

1 Deutsches Elektronen-Synchrotron (DESY)

Corresponding Author: manuel.del.rio.viera@desy.de

The goal of the TANGERINE project is to develop the next generation of
monolithic silicon pixel detectors using a 65 nm CMOS imaging process, which
offers a higher logic density and overall lower power consumption compared to
previously used processes. A combination of Technology Computer-Aided De-
sign (TCAD) and Monte Carlo (MC) simulations are used to understand the
physical processes within the sensing element and thus the overall performance
of the pixel detector. The response of the sensors can then be tested in labora-
tory and test beam facilities and compared to our simulation results.

Transient simulations allow for studying the response of the sensor over time,
such as the signal produced after a charged particle passes through the sensor.
The study of these signals is important to understand the magnitude and timing
of the response from the sensors and improve upon them. While TCAD simula-
tions are accurate, the time required to produce a single pulse is large compared
to the here used approach. The combination of MC and TCAD simulations
reduces the simulation time and thus allows for studies that are not possible
with an TCAD alone approach such as Landau fluctuations or secondary parti-
cle production. In this approach, electrostatic fields from TCAD are imported
into the Allpix Squared framework, a simulation framework for semiconductor
radiation detectors, and through the use of the Shockley-Ramo Theorem, the
pulses induced from charges moving through the sensor are calculated.

In this contribution, the advantages of this approach and the resulting pulses
obtained from the MC and TCAD simulations used as validation between the
two methods, preliminary time resolution studies obtained at the DESY-II Test
Beam facility, and a comparison with simulations will be presented.

Page 45



Technology & Instrumentation in Particle Physics (TIPP2023) / Book of Abstracts

B3 / 104

Energy response function and calibration of the FOOT calorime-
ter.
Author: Alessandro Valetti1

Co-author: The FOOT collaboration

1 Unito

Corresponding Author: alessandro.valetti@unito.it

The FOOT experiment aims at measuring the differential cross sections for the production of sec-
ondary fragments in interactions between light ions (C, O) and hydrogen-enriched targets, with
beam energies of up to 400 MeV/u, a topic relevant for the optimization of particle therapy treat-
ments, which can only be addressed in inverse kinematics [1]. By extending the energy range up to
800 MeV/u, the experiment will also collect valuable data for understanding fragmentation processes
relevant for the design of spacecraft shielding [2].

The experiment, whose construction is almost completed, aims at identifying heavy fragments by
measuring their momentum, kinetic energy, and time of flight with high resolution: 5%, 2% and <100
ps respectively. The kinetic energy will be measured with a calorimeter detector made of 320 BGO
crystals coupled to SiPM photodetectors, covering a dynamic range from tens of MeVs to about 10
GeV.

Data takings, aiming at measuring the response function for different ions and at optimizing crystal
intercalibration, have been conducted at HIT (Heidelberg, Germany), and at CNAO (Pavia, Italy),
using 12 modules of 3x3 crystals each. The energy response between 50 and 430 MeV/u is consistent
with a modified Birks function for all the ions, although the parameters depend on Z. The parameters
dependency on Z has been measured, allowing to reconstruct the fragment energy. The integrated
system resolution is, as expected, well below 2% over the 100-300 MeV/u range.

1. Battistoni G, Toppi M, Patera V andThe FOOT Collaboration (2021) Measuring the Impact of Nuclear
Interaction in Particle Therapy and in Radio Protection in Space: the FOOT Experiment. Front. Phys.
8:568242. doi: 10.3389/fphy.2020.568242

2. M. Durante and F. Cucinotta, “Physical basis of radiation protection in space travel,” Rev. Mod. Phys.,
vol. 83, no. 4, p. 1245, 2011.

E4 / 105

NEWS-G: Detection of low mass WIMPs with Spherical Propor-
tional Counters
Author: Philippe Gros1

1 Queen’s University

Corresponding Author: pg72@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, of order of kgs with meter size
spheres, while keeping single ionization electron detection sensitivity. They can be filled with
gaseous targets of low atomic mass such as hydrogen, helium, and neon, giving sensitivity to low
mass WIMPs down to O(0.1GeV). Using multiple taget gases, the detector can characterise unex-
pected backgrounds and systematic effects.
The talk will cover principle of operations of the SPC and a description of the 140cm diameter detec-
tor and compact shielding, installed in the SNOLAB underground facility. The latest WIMP limits
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obtained with a temporary shield at the underground laboratory of Modane (LSM, France) with
methane as target gases will be presented. Preliminary results from the full detector at SNOLAB
with additional gas mixtures will also be shown.
The talk will also introduce projects to improve the SPC performance, and expand their reach to
coherent elastic neutrino-nucleus scattering (CEvNS).
Another contribution to this conference describes calibration of the ionisation yield from nuclear
recoils using smaller SPCs.

B1 / 106

Operational Experience and Performance with the ATLAS Pixel
detector at the Large Hadron Collider at CERN

Author: Collaboration ATLASNone

The tracking performance of the ATLAS detector relies critically on its 4-layer Pixel Detector. As
the closest detector component to the interaction point, this detector is subjected to a significant
amount of radiation over its lifetime. At the start of the LHC proton-proton collision RUN3 in 2022,
the innermost layer IBL, consisting of planar and 3D pixel sensors, had received an integrated flu-
ence of approximately Φ = 1 × 10**15
1 MeV neq/cm2.
The ATLAS collaboration is continually evaluating the impact of radiation on the Pixel Detector..
In this talk 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. A
quantitative analysis of charge collection, dE/dX, occupancy reduction with integrated luminosity,
under-depletion effects, effects of annealing will be presented and discussed, as well as the opera-
tional issues and mitigation techniques adopted for the LHC Run3.

F5 / 107

Including radiation damage effects in ATLAS MonteCarlo simu-
lations: status and perspectives

Author: Collaboration ATLASNone

Signal reduction is the most important radiation damage effect on performance of silicon tracking
detectors in ATLAS. Adjusting sensor bias voltage and detection threshold can help in mitigating
the effects but it
is important to have simulated data that reproduce the evolution of performance with the accumu-
lation of luminosity, hence fluence.

ATLAS collaboration developed and implemented an algorithm that reproduces signal loss and changes
in Lorentz angle due to radiation damage. This algorithm is now the default for Run3
simulated events. In this talk the algorithm will be briefly presented and results
compared to first Run3 collision data.

For the high-luminosity phase of LHC (HL-LHC) a faster algorithm is necessary since the increase
of collision, event, track and hit rate imposes stringent constraints on the computing resources that
can be allocated for this purpose.
The philosophy of the new algorithm will be presented and the strategy on how to implement it and
the needed ingredients will be discussed.

G1 / 108
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Studies on wide dynamic-range SiPMs with high pixel densities

Author: Zhiyu Zhao1

Co-authors: Baohua Qi 2; Yong Liu 2

1 TDLI/SJTU
2 IHEP

Corresponding Author: zhiyuzhao@sjtu.edu.cn

The future Circular Electron-Positron Collider (CEPC), as one of future large-scale scientific facili-
ties for high energy lepton collider experiments, aims to accurately measure the Higgs boson, elec-
troweak physics and the top quark. A highly granular crystal electromagnetic calorimeter is pro-
posed within the CEPC 4th detector concept to achieve an excellent EM energy resolution of less
than 3%. It is design by a homogenous calorimeter instrumented with crystal scintillator bars as the
active material, and silicon photomultipliers (SiPMs) are selected as the major photosensor candidate.
To cover a large energy range of a crystal detector unit (typically on the order of magnitude from
100keV to 10GeV) would lead to a stringent requirement on the SiPM dynamic range. Two promising
SiPM candidates (from NDL and HPK) with a sensitive area of 3× 3mm2 and 6 micron and 10 mi-
cron pixel pitches respectively, have been identified for detailed studies. A dedicated test-stand has
been developed to address the challenge of response calibration for the wide dynamic-range SiPMs
in a typical range from single photon to the order of 100k photons.
Meanwhile, a Monte Carlo simulation model has been developed for a deeper understanding and
comparisons with experimental measurements. The SiPM simulation model includes SiPM’s charac-
teristics e.g. Photon Detection Efficiency (PDE), inter-pixel optical crosstalk, after-pulse and pixel
recovery time, etc.
In this contribution, the dedicated setup for characterizations of the SiPM dynamic range will be
firstly presented, followed by the experimental measurements of SiPMs with high pixel densities
and comparisons with the simulation predictions. To the best knowledge of the authors, these re-
sults of dynamic range measurements may be the first ones for the NDL-SiPM equipped with ~250k
pixels (with the pixel pitch of 6 micron).

B1 / 109

The operational experience and performance of the ATLAS SCT
during Run-2 and LS2, and the first impression from Run3 oper-
ations
Author: Collaboration ATLASNone

The ATLAS SemiConductor Tracker (SCT) restarted operations in LHC Run-3. The SCT successfully
operated in LHC Run-2 (2015-2018) which came with high instantaneous luminosity and pileup con-
ditions that were far in excess of what the SCT was originally designed tomeet. The first significant
effects of radiation damage in the SCT were alsoobserved during Run-2. The operation condition of
SCT from LHC Run-3 isexpected to be the same as those in Run-2. This talk will summarise the
operational experience, challenges and performance of the SCT during Run-2 and LS2, and the first
impression from Run3 operations. Also the observation and prospect of the radiation damage on
SCT silicon strip sensors will be presented.

D4 / 110

CERN beamtests of CALICE scintillator-based calorimeter proto-
types
Authors: Yong Liu1; Haijun Yang2; Jianbei Liu3
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Various technological options of high granularity calorimetry are being explored and developed
within the CALICE collaboration for future collider experiments. Two CALICE technological proto-
types of scintillator-based calorimeter have been developed to address major challenges of system
integration and to demonstrate the mass assembly capability for a final detector which typically
requires one to ten million readout channels. An electromagnetic calorimetry (namely CALICE
ScW-ECAL) prototype, with scintillator strips (45 × 5 × 2 mm3) interleaved with copper-tungsten
absorber was successfully constructed in 2020, which consists of 32 sampling layers with around
6700 readout channels in total and measures (60 × 60 × 40 cm3 in dimensions and 250 kg in weight.
The construction of a sampling hadronic prototype (namely CALICE CEPC-AHCAL) with 40 lon-
gitudinal layers of scintillator tiles (40 × 40 × 3 mm3) and iron plates was completed in 2022. The
AHCAL prototype is equipped with totally 12960 readout channels and measures around 1 cubic
meter in dimension and roughly 5 tons in weight. Both two prototypes are based on silicon photo-
multiplier (SiPM) readout and each scintillator strip/tile is directly coupled with a SiPM individually
(i.e. the “SiPM-on-Tile” design developed within the CALICE collaboration).

A successful beamtest campaign was performed in late 2022 at the CERN SPS H8 beamline for the
ScW-ECAL and AHCAL prototypes with high-energy beam particles in the momentum range of
10-160 GeV and decent statistics of data samples was collected, which enable detector performance
evaluation, detailed studies of shower profiles in the 3D space and time domain, Geant4 simulation
validation as well as particle-flow studies.

This contribution will present the highlights of the prototype developments. Results of the detec-
tor performance from beamtest data analysis and studies of electromagnetic and hadronic shower
properties will be followed. As further beamtests of these two prototypes at CERN PS and SPS are
foreseen to happen in April and May, 2023, preliminary results of these new beamtest campaigns
could also be expected.

G2 / 111

Development of a novel high granularity crystal electromagnetic
calorimeter
Authors: Baohua Qi1; Yong Liu2

1 Institute of High Energy Physics, Chinese Academy of Sciences
2 Institute of High Energy Physics, Chinese Academy of Sciences (CN)

Corresponding Authors: liuyong@ihep.ac.cn, qibh@ihep.ac.cn

Motivated by the physics programs that aim at precision measurements of the Higgs, W and Z
bosons, as well as the top quark, future lepton colliders (e.g. the Circular Electron Positron Collider,
or CEPC) require an excellent calorimetry system to achieve the unprecedented jet energy resolution.
The CEPC team has proposed a new detector concept named “the 4th detector concept”. A major
motivation is to significantly improve the Boson Mass Resolution (BMR) of better than 3% compared
to 4%, which corresponds to the performance of the baseline detector proposed in the CEPC Concep-
tual Design Report (CEPC CDR). As a key sub-detector of “the CEPC 4th detector concept”, the novel
high granularity crystal electromagnetic calorimeter (ECAL) is designed to achieve an excellent jet
reconstruction and an optimal EM energy resolution of 2− 3 %/

√
E(GeV ) with the homogeneous

structure and excellent three-dimensional spatial and temporal resolutions.

Extensive R&D efforts have been carried out to assess the potential and requirements of the crys-
tal ECAL with dedicated Geant4 full simulation, ranging from the ECAL detector units to the full
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sub-detector system. Hardware activities, which focus on characterizing crystals and silicon pho-
tomultipliers (SiPMs), have been conducted to provide solid inputs for simulation validation. The
physics performance evaluation studies are ongoing with particle-flow algorithm “Arbor”, which is
being optimized for the crystal ECAL as well as the general “4th detector concept”. Meanwhile, small-
scale crystal modules are currently under development for beam tests to evaluate the performance
of electromagnetic showers and to address critical issues at the system-level.

This contribution will introduce the crystal ECAL design and optimizations, the latest progress on
the performance evaluation, crystal-SiPM measurements and simulation validation. Preliminary
beamtest results could also be expected.

F4 / 112

Electronics design and testing of the CMS Fast Beam Condition
Monitor for HL-LHC
Authors: Konstantin Shibin1; Georg Auzinger2; Hamed Bakhshiansohi3; Anne Dabrowski2; Alexander Dierlamm4;
Marko Dragicevic5; Asghar Gholami3; Gervasio Gomez6; Moritz Guthoff7; Mykyta Haranko2; Alan Honma2; Mak-
sim Jenihhin1; Jan Kaplon2; Olena Karacheban8; Berta Korcsmáros9; Arkady Lokhovtskiy10; Robert Loos2; So-
phie Mallows4; John Michel2; Volodymyr Myronenko7; Gabriella Pásztor11; Jörn Schwandt12; Mohammad Sedghi3;
Alexey Shevelev13; Georg Steinbrueck12; David Stickland13; Grzegorz Jan Wegrzyn2

1 TalTech
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3 Isfahan U
4 KIT
5 HEPHY
6 IFCA
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8 Rutgers U
9 Debrecen U
10 U Canterbury
11 Eötvös U
12 Hamburg U
13 Princeton U

Corresponding Author: konstantin.shibin@taltech.ee

The high-luminosity upgrade of the LHC (HL-LHC) brings unprecedented requirements for preci-
sion bunch-by-bunch online luminosity measurement and beam-induced background monitoring
with 1 second time granularity, creating the need for new high-precision instrumentation at CMS. A
key component of the CMS Beam Radiation Instrumentation and Luminosity system is a stand-alone
luminometer, the Fast Beam Condition Monitor (FBCM), which is fully independent from the CMS
central trigger and data acquisition services and able to operate at all times with an asynchronous
readout. FBCM utilizes a dedicated front-end ASIC to amplify the signals from CO2-cooled silicon-
pad sensors with a few nanoseconds timing resolution also enabling the measurement of beam-
induced background. Front-end (FE) electronics are subject to high radiation conditions with an
expected 1 MeV neutron equivalent fluence of about 2.5e15 at the sensor location, thus all compo-
nents are radiation hardened: sensors, ASICs, high-speed optical transceivers and voltage regulators.
FBCM uses a modular design with two half-disks of twelve modules at each end of CMS, with 4 ser-
vice modules placed around the disk edge at a radius of reduced radiation fluence. The electronics
system design adapts several components from the CMS Tracker for power, control and read out
functionalities. The dedicated FBCM ASIC contains 6 channels with 600e- ENC and adjustable shap-
ing time to optimize the noise with regards to sensor leakage current. Each channel outputs a single
binary high-speed asynchronous signal carrying the Time-of-Arrival and Time-over-Threshold in-
formation. The chip output signal is sent via a radiation-hard gigabit transceiver and an optical link
to the back-end electronics for analysis. The ASIC has slow control for internal testability features,

Page 50



Technology & Instrumentation in Particle Physics (TIPP2023) / Book of Abstracts

calibration and configuration registers access. A dedicated test system is designed for the FBCM
FE electronics, it provides a modular and flexible setup for all testing needs throughout the project
stages: initial ASIC validation test, irradiated sensor and ASIC tests and system level testing with
the full read-out chain. The paper reports on the design, readout architecture and testing program
for the FBCM electronics.

G2 / 113

Development of highly granular hadronic calorimetry with glass
scintillator tiles
Authors: Dejing Du1; Yong Liu2

1 Institute of High Energy Physics, Chinese Academy of Sciences
2 Institute of High Energy Physics, Chinese Academy of Sciences (CN)

Corresponding Authors: liuyong@ihep.ac.cn, dudejing@ihep.ac.cn

Future electron-positron colliders (e.g. the Circular Electron Positron Colllider, namely CEPC) im-
pose stringent requirements on the energy resolutions of hadron and jets for the precision physic
programs of the Higgs, Z, W bosons and the top quark. To address the challenges, one of the state-of-
art calorimetry options is high-granularity calorimetry based on the particle flow algorithms (PFA).
The CEPC team has proposed a new detector concept named “the 4th detector concept”. A major
motivation is to significantly improve the Boson Mass Resolution (BMR) of better than 3% compared
to 4%, which corresponds to the performance of the baseline detector proposed in the CEPC Con-
ceptual Design Report (CEPC CDR).
As a key sub-detector in “the CEPC 4th detector concept”, a new design of highly granular sampling
hadronic calorimetry (HCAL) has been proposed, which consists of sensitive layers with glass scintil-
lator tiles and absorber plates. A major motivations is to significantly improve the hadronic energy
resolution with a higher energy sampling fraction and a significantly lower energy threshold, which
in turn requires the merits of high density and high light yield for the glass scintillator materials.
A simulation model with Geant4 has been developed for the design optimizations of the glass scin-
tillator HCAL and quantitative hadronic performance with single hadrons. Furthermore, physics
potentials of the PFA performance have also been evaluated in the CEPC full detector simulation.
Highlights of the expected hadronic performance and hardware developments will be presented in
this contribution. Future beamtest preparations of a few glass scintillator tiles are currently ongoing
and preliminary results could be expected as well.

C5 / 114

Beam tracker system for the BM@N/NICA experiment
Authors: Danil Chemezov1; Mikhail Kapishin1; Sergey Khabarov1; Yurii Kopylov1; Evgenii Martovitsky1; Sergey
Novozhilov1; Semen Piyadin1; Ekaterina Streletskaya1; Oleg Tarasov1; Nikolay Zamyatin1

1 Joint Institute for Nuclear Research, Dubna, Russia

Corresponding Author: sedykh@jinr.ru

A new beam tracker system for BM@N experiment was developed and implemented in the recent
experimental run with Xe beam. The tracker consists of three double sided silicon detectors, which
determine beam ion trajectory in each event. Design parameters of the system are driven by the
requirements of the experiment: ability to operate in beams of light and heavy ions, to cover rela-
tively large transverse width of the beam profile, and to measure with sufficient accuracy the beam
ion position and impact angle at the target. Each detector has 61x61 mm^2 active area, 128 strips
on each of the p+ and n+ sides (450 μm pitch), with orthogonal orientation of strips. The detec-
tors are 175 μm thick, placed in vacuum, and positioned 1 m apart from each other along the beam
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direction. The front-end electronics of the detectors is developed based on ASIC VATA64HDR16.2
(IDEAS, Norway) with large dynamic range (-20 pC / +50 pC). The read-out electronics is placed
outside of vacuum and is not subject to radiation damage. The detailed characteristics of the beam
tracker detectors and front-end electronics are presented, as well as operational performance of the
system in the experiment with Xe beam.

H1 / 115

 The ATLAS Level-1 Topological Processor: Phase-I upgrade and
Phase-II adaptation
Author: Stewart Martin-Haugh1

1 RAL

Corresponding Author: stewart.martin-haugh@stfc.ac.uk

The instantaneous luminosity of the LHC in Run 3 is increased up to 3x10^34 cm^-2s^-1, bringing
the need for the upgrade of the ATLAS detector, including the trigger system.

The new Phase-I L1Topo system, which replaces its Phase-0 predecessor, processes data from the jet,
electromagnetic, and global Feature Extractors and the upgraded Muon to Central Trigger Proces-
sor Interface to perform topological and multiplicity triggers. The L1Topo system consists of three
modules, each hosting two processor FPGAs (Xilinx Ultrascale+ 9P). High-speed optical transceiver
modules are used for the modules’ real-time data path to support data transmission at speeds up to
11.2 Gb/s per link.

The L1Topo firmware is composed of a large number of sort/select, decision, and multiplicity algo-
rithms, that are automatically assembled and configured based on the provided trigger menu.

The fully synchronous, very low latency, parallel implementation of the Phase-I Topological firmware
is inadequate for the new Phase-II operational environment, where a significantly higher latency
budget with a substantially tighter resource budget is available. Therefore, all the developed algo-
rithms, including the automatic menu-based firmware assembly functionality, are being adapted for
use within the Global Trigger System, coming into play after the Phase-II upgrade of the ATLAS
detector.

A detailed overview of the Phase-I L1Topo hardware and firmware will be provided. Phase-II related
firmware adaptations will also be discussed.

B4 / 116

Long-term Performance Studies of Resistive Plate Chambers with
Environmentally Friendly HFO/CO2 Gas Mixtures at the GIF++
Facility
Author: Gianluca Rigoletti1

1 CERN

Corresponding Author: gianluca.rigoletti@cern.ch

The development and evaluation of environmentally sustainable gas mixtures for Resistive Plate
Chambers (RPCs) have become increasingly important due to the high Global Warming Potential
(GWP) associated with the currently mostly used gases, C2H2F4 and SF6. The ECOGAS collabora-
tion, which includes ATLAS, CMS, ALICE, LHCb/SHiP, and the CERN EP-DT group, is dedicated
to investigating the long-term performance of RPC detectors under irradiation using eco-friendly
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HFO/CO2-based gas mixtures. These long-term tests conducted at the GIF++ facility complement
existing research on alternative gas mixtures aimed at reducing greenhouse gas emissions. The ex-
perimental setup and the tools utilized to monitor the system are designed to study the impact of
HFO/CO2 gas mixtures on RPC performance over extended periods and high integrated charge. This
abstract presents the latest results from test beams and aging test and it discusses future plans for con-
tinued evaluation of environmentally friendly gas mixtures in the context of RPC detectors.

C3 / 117

Powering SiPMs and front-end electronics in HEP detectors: the
ALDO2 ASIC
Authors: Paolo Carniti1; Claudio Gotti1; Gianluigi Pessina1

1 INFN and University of Milano Bicocca

Corresponding Authors: claudio.gotti@mib.infn.it, pessina@mib.infn.it, paolo.carniti@mib.infn.it

SiPMs (also known as MPPCs) are becoming widely used in HEP experiments thanks to their excel-
lent photon counting performance, compactness, and immunity to magnetic fields.
Powering these devices, apparently simpler than high-voltage photosensors, still poses several chal-
lenges due to the dependence of their performance on bias voltage and the significant increase of
leakage current after radiation damage.
To help integrate SiPMs in HEP detectors, we designed the ALDO2 ASIC, a rad-hard, multi-function,
adjustable, low dropout linear regulator in onsemi I3T80 0.35 µm HV CMOS technology.
ALDO2 allows for precise and stable regulation of the bias voltage of SiPM arrays, as well as its
adjustment using an external DAC.
By providing a mirrored copy of the output current, the chip enables on-detector I-V curve charac-
terization and fine-tuning of the SiPMs’ working points as radiation damage accumulates.
The chip also features auxiliary low-dropout linear regulators to filter and stabilize the supply volt-
age of the front-end chips, making it a complete power management solution for SiPM-based read-
out systems in HEP detectors, like the CMS Barrel Timing Layer (BTL) and the High-granularity
Calorimeter (HGCAL).
In this contribution, we present a general overview of the chip and the powering scheme adopted,
together with selected measurements and radiation hardness qualification of samples from the final
production.

E2 / 118

Testing of back-end card(BEC) for JUNO experiment

Author: yifan yangNone

Co-authors: Barbara Clerbaux ; Pierre-Alexandre Petitjean ; Feng Gao ; Marta Colomer Molla

Corresponding Author: yang.yifan@ulb.be

Jiangmen Underground Neutrino Observatory (JUNO) is a neutrino experiment currently under con-
struction in China. Its main goal is to determine the mass hierarchy of neutrinos, and it will do this by
detecting the antineutrinos produced by nuclear reactors using a large liquid scintillator (LS) volume.
The JUNO detector will be instrumented with around 20,000 large photomultiplier tubes(20-inch),
and the JUNO electronics readout system is composed of two parts: (i) the underwater front-end
electronics system and (ii) the back-end electronics system.
The back-end card(BEC) is a critical component of the JUNO experiment’s back-end electronics sys-
tem, as it links approximately 7,000 underwater electronics boxes to the trigger system. Each BEC
is comprised of a base board, 6 mezzanine cards and 1 TTIM (Trigger/Timing interface Mezzanine)
module, located inside a mechanical box. A total of 180 boxes have been produced and installed at
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the JUNO site. This presentation will focus on the testing of the BECs, which include both self-tests
and combined tests.

B2 / 119

Production line and quality assurance of mPMT photosensors for
WCTE.
Author: Krzysztof Dygnarowicz1

1 Warsaw University of Technology

Corresponding Author: krzysztof.dygnarowicz.dokt@pw.edu.pl

The Water Cherenkov Test Experiment (WCTE) is a CERN experiment that aims to test several tech-
nologies and techniques related to water Cherenkov detectors. It will consist of approximately 120
multi-PMT photosensors placed in a water tank (~3.8 m diameter, ~3.6 m height, total water mass
~41 tonnes). Each multi-PMT consists of nineteen 3” PMTs and the associated front-end electron-
ics enclosed in a water-tight pressure vessel. A similar system will be used in the Intermediate
Water Cherenkov Detector (IWCD) and, with some modifications, in the far detector of the Hyper-
Kamiokande experiment.

This talk briefly covers the production process of the multi-PMT system along with the adopted
procedures for the assembly and quality assurance control and tools. Also, we will present the
methods used to evaluate the performance of the electronics and optical parameters of the multi-
PMTs. Finally, the quality assurance data collected from a sample module will be discussed.

D2 / 120

SoLAr detector small scale prototype
Author: Saba Parsa1

1 University of Bern

Corresponding Author: saba.parsa@lhep.unibe.ch

The LArTPC technology, in the last decade has witnessed several novelties, preparing the stage for
the next generation of large scale long baseline neutrino experiments such as DUNE.
The SoLAr detector concept aims to extend the sensitivities of such detectors to the MeV energy
range, and expands their physics reach to precision measurement of solar and supernovae neutrinos.
The core concept is centered around an integrated charge-light readout plane, consisting of pixel
pads for charge collection and VUV SiPMs for direct detection of LAr scintillation light. The main
challenges are to achieve low energy thresholds with an excellent energy resolution and successfully
perform background rejection using pulse shape discrimination.
A staged prototyping program is planned to demonstrate the technology viability of the detector
concept step by step. In October 2022, a small scale SoLAr prototype was constructed and tested in
LAr at Bern University. Here we present the results from the first prototype run with cosmics muons
and discuss the roadmap to a ton scale demonstrator at Boulby Underground Laboratory.

A5 / 121

Innovative hybrid photodetector based on the Timepix4 ASIC as
pixelated anode
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An innovative single-photon detector based on a vacuum tube with transmission photocathode, a
microchannel plate and the Timepix4 CMOS ASIC [[1]] as read-out anode is presented. This pho-
todetector will allow to detect up to 1 billion photons per second over an area of 7 cm2, allowing
to simultaneously achieve a position resolution of 5 − 10 µm and a timing resolution better than
100 ps. The detector is based on about 230 thousand channels with analog and digital front-end
electronics. The ASIC features a data-driven architecture producing up to 160 Gb/s that are handled
by FPGA-based external electronics with flexible design, used as well as control board. These per-
formances 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.

Recent timing resolution measurements of the Timepix4 ASIC will be presented, obtained using a
100 µm thick n-on-p Si sensor illuminated by an infrared pulsed picosecond laser. The measured
timing resolution shows a non-negligible dependence on the Voltage-Control-Oscillator frequency,
requiring a frequency mapping and calibration over the whole matrix. A timing resolution of about
60 ps for the Time-to-Digital Converter itself has been measured, and of 110 ps when also con-
sidering the contributions from signal generation in the silicon sensor and the electronics front-
end.

E4 / 122

Progress on a novel coextruded high-voltage feedthrough con-
cept for DarkSide-20k
Author: Tyler Erjavec1

Co-authors: Tianyu Zhu 1; Emilija Pantic 1; Hanguo Wang 2

1 University of California Davis
2 UCLA

Corresponding Authors: terjavec@ucdavis.edu, pantic@ucdavis.edu

As noble liquid time projection chambers get larger, so does the high voltage (HV) requirements
required to maintain strong electric drift fields. HV feedthrough (FT) designs become increasingly
complex given limitations imposed by cryogenic temperatures, HV, and cryostat geometry. In this
talk, progress on a novel HV FT using a coextruded multi-layered coaxial cable is presented for
DarkSide-20k, emphasizing design considerations implemented to the unique, fully-plastic cable
construction.

DarkSide-20k is a 49.7 ton active volume dual-phase underground argon time projection chamber
(TPC) that will perform the search for dark matter reaching the sensitivity 4.9e10-48cm2 with for
90% C.L. exclusion for a 1TeV/c2 over a 10yr run.
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The CMS ECAL upgrade for precision timing measurements at
the High-Luminosity LHC
Author: Ulrich Goerlach1

1 IPHC-CNRS Strasbourg

Corresponding Author: ulrich.goerlach@iphc.cnrs.fr

The High Luminosity upgrade of the LHC (HL-LHC) at CERN will provide unprecedented instan-
taneous and integrated luminosities of around 5 x 10^34 cm-2 s-1 and 3000/fb, respectively. An
average of 140 to 200 collisions per bunch-crossing (pileup) is expected. In the barrel region of the
Compact Muon Solenoid (CMS) electromagnetic calorimeter (ECAL), the lead tungstate crystals and
avalanche photodiodes (APDs) will continue to perform well, while the entire readout and trigger
electronics will be replaced.

A dual gain trans-impedance amplifier and an ASIC providing two 160 MHz ADC channels, gain
selection, and data compression will be installed. The noise increase in the APDs, due to radiation-
induced dark current, will be mitigated by reducing the ECAL operating temperature. The trigger
primitive formation will be moved off-detector and performed by powerful and flexible FPGA pro-
cessors.

The upgraded ECAL will greatly improve on the time resolution for photons and electrons with
energies above 10 GeV. Together with the introduction of a new timing detector designed to perform
measurements with a resolution of a few tens of picoseconds for minimum ionizing particles, the
CMS detector will be able to precisely reconstruct the primary interaction vertex even with 140-200
pileup interactions per event.

The design of the full ECAL barrel readout chain and the status of the individual component R&D will
be presented and results from recent test beam campaigns at the CERN SPS, using electron beams
with energies of up to 250 GeV, will be summarised. In particular, we will present measurements
of the energy and timing resolution performance of the latest HL-LHC ECAL readout electronics
prototypes.

C1 / 124

Achieving the optimal calibration and performance of the CMS
Electromagnetic Calorimeter in LHC Runs 2 and 3
Author: Ulrich Goerlach1

1 IPHC-CNRS Strasbourg

Corresponding Author: ulrich.goerlach@iphc.cnrs.fr

Many physics analyses using the Compact Muon Solenoid (CMS) detector at the LHC require ac-
curate, high resolution electron and photon energy measurements. Excellent energy resolution is
crucial for studies of Higgs boson decays with electromagnetic particles in the final state, as well
as searches for very high mass resonances decaying to energetic photons or electrons. The CMS
electromagnetic calorimeter (ECAL) is a fundamental component of these analyses, and its energy
resolution is crucial for the Higgs boson mass measurement. It also provides a measurement of the
electromagnetic component of jets, and contributes to the measurement of calorimeter energy sums,
both of which are important for a wide range of CMS physics analyses.

The energy and timing response of the ECAL has been precisely calibrated exploiting the full Run 2
(2015-18) dataset, and has been used for the legacy reprocessing of these data. A dedicated calibration
of each detector channel has been performed. This talk will summarize the calibration techniques,
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the improved ECAL performance that has been achieved, and will describe how this impacts on the
sensitivity of the Higgs mass measurement in the H->ZZ->4l and H->gg channels.

The calibration plans that are being developed to maintain the optimum ECAL performance during
LHC Run 3 (2022-25) will also be discussed, and results from the first year of operation in 2022 will
be shown. A new system has been developed to automatically execute the calibration workflows
during data taking in Run 3. This new development aims to reduce the time needed to provide the
best possible performance for physics analyses by one order of magnitude, and the status, plans, and
operational experience with this system will be described.

B5 / 125

Deep learning techniques for energy clustering in the CMS elec-
tromagnetic calorimeter
Author: Ulrich Goerlach1

1 IPHC-CNRS Strasbourg

Corresponding Author: ulrich.goerlach@iphc.cnrs.fr

The reconstruction of electrons and photons in the Compact Muon Solenoid (CMS) detector depends
on topological clustering of the energy deposited by an incident particle in different crystals of the
electromagnetic calorimeter (ECAL). These clusters are formed by aggregating neighbouring crystals
according to the expected topology of an electromagnetic shower in the ECAL.

The presence of upstream material causes electrons and photons to start showering before reaching
the ECAL. This effect, combined with the 3.8T CMS magnetic field, leads to energy being spread
in several clusters around the primary one. It is essential to recover the energy contained in these
satellite clusters to achieve the best possible energy resolution. Historically, satellite clusters have
been associated to the primary cluster using a purely topological algorithm which does not attempt
to remove spurious energy deposits from additional pileup interactions (PU). The performance of
this algorithm is expected to degrade during LHC Run 3 (2022+) because of the larger average PU
levels and the increasing levels of noise due to the ageing of the ECAL detector.

New methods are being investigated that exploit state-of-the-art deep learning architectures like
Graph Neural Networks (GNN) and self-attention algorithms. These more sophisticated models im-
prove the energy collection and are more resilient to PU and noise. This talk will cover the challenges
of training the models and the opportunities offered by the deep learning techniques.

A5 / 126

Precision Timing at High-Luminosity LHC with the CMS MIP
Timing Detector
Author: Ulrich Goerlach1

1 IPHC-CNRS Strasbourg

Corresponding Author: ulrich.goerlach@iphc.cnrs.fr

The MIP Timing Detector (MTD) is a new sub-detector planned for the Compact Muon Solenoid
(CMS) experiment at CERN, aimed at maintaining the excellent particle identification and recon-
struction efficiency of the CMS detector during the High-Luminosity LHC (HL- LHC) era. The MTD
will provide new and unique capabilities to CMS by measuring the time-of-arrival of minimum ion-
izing particles with a resolution of 30 - 40 ps at the beginning of HL-LHC operation. The information
provided by the MTD will help disentangle ~200 nearly simultaneous pileup interactions occurring
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in each bunch crossing at LHC by enabling the use of 4D reconstruction algorithms. The MTD will
be composed of an endcap timing layer (ETL), instrumented with low-gain avalanche diodes, as well
as a barrel timing layer (BTL), based on LYSO:Ce crystals coupled to SiPMs. In this talk we present
an overview of the MTD design, describe the latest progress towards prototyping and production,
and show test beam results demonstrating the achieved target time resolution.

C2 / 127

Testing of the 20-inch PMTs for the JUNO experiment
Author: Zhaoyuan Peng1

1 IHEP

Corresponding Author: pengzy@ihep.ac.cn

The JUNO detector, a 20 kt liquid-scintillator detector currently under construction, is aimed at
measuring the neutrino mass ordering as its primary physics goal. An excellent energy resolution of
at least 3 % at 1 MeV is required. To achieve this energy resolution, stringent requirements are applied
to all the PMTs. Up to now, more than 20,000 20-inch PMTs have been accepted after a detailed test
started from 2017 to 2021. During the test, detailed parameters of all PMTs were measured. Currently,
the installation of JUNO is going on including PMTs, and a functionality test is scheduled during the
installation. This poster presents the test results from the acceptance test and the current in-situ test,
covering the PDE, DCR, TTS, charge resolution, etc.

C3 / 128

TID effects study on the monitoring system of the RD53 chip
Author: Mohsine MENOUNI1

Co-authors: Denis Fougeron 2; Pierre Barrillon 2

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

Corresponding Authors: menouni@cppm.in2p3.fr, barrillon@cppm.in2p3.fr, fougeron@cppm.in2p3.fr

The High-Luminosity LHC upgrade aims to increase the instantaneous luminosity of the LHC ma-
chine to a nominal value of 5 × 1034 cm−2s−1. During the Long Shutdown 3 (2026-2028), ATLAS
and CMS silicon tracking systems will be entirely replaced and the main design goals include the
capability to deal with high hit and data rates, the increase in granularity, and improved radiation
tolerance to cope with fluences of up to 2× 1016 neq/cm

2 and a Total Ionizing Dose (TID) of up to
1 Grad.

The RD53 collaboration has been working since 2014 on the development of pixel chips for the future
CMS and ATLAS upgrades. This work has recently led to the development and submission of the
ATLAS RD53 production chip (ITkPixV2) which is using the 65 nm CMOS process and containing
153600 pixels of 50 µm× 50 µm.

Several TID test campaigns with Xray sources were already done on the full-size pre-production
chip under low temperature (same conditions as for the inner detector) and have shown that the
chip continues to work correctly up to 1 Grad. However, these tests have shown that some analog
voltage and current values can shift by about 8%. It is therefore important to monitor the different
sensitive voltages and currents in the chip in order to measure the variation and possibly adjust them
if necessary.
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The monitoring system implemented in the RD53 front-end chip is based on a 12-bit ADC associated
with a multi-channel multiplexer. It allows the digitization of different sensitive parameters in the
chip, particularly the voltages issued from the on-chip temperature sensors required for the off-
line temperature calculation. The dependence of the ADC reference voltage (VrefADC ) on the total
ionizing dose results in a high drift of the temperature measured through the ADC, making the
measurement unacceptable.

A new temperature measurement approach not dependent on the VrefADC shift is proposed. It
provides more precise temperature measurement even at high radiation levels. Based on this, a
correction method for the VrefADC value is foreseen to be applied regularly during the operation
of the pixel detector to increase the accuracy for the digitization of voltages or currents in the RD53
chip.

The purpose of this presentation is to give a general overview of the RD53 chip architecture, in
particular the monitoring system implemented inside the chip. Next, the TID test results for the
monitoring bloc are presented to show that the shift of the VrefADC due to the TID has the most
significant impact on the measurement accuracy and results in an unacceptable loss of accuracy
for temperature measurement. Afterwards, the new temperature measurement approach that does
not use the VrefADC value is presented to show that better accuracy can be achieved. Finally, the
method to be followed to ensure more accurate voltages and currents monitoring despite dose effects
on the ADC reference voltage is shown and discussed.

G4 / 129

LEGEND: Background-free hunt for the neutrinoless double-beta
decay
Author: Patrick Krause1

1 Technical University of Munich

Corresponding Author: patrick.krause@tum.de

The discovery that neutrinos are Majorana fermions would have profound implications for particle
physics and cosmology. The Majorana character of neutrinos would make neutrinoless double-beta
(0νββ) decay, a matter-creating process without the balancing emission of antimatter, possible. The
LEGEND Collaboration pursues a phased, 76Ge-based double-beta decay experimental program. The
first phase, LEGEND-200, deploys up to 200 kg of germanium detectors enriched in 76Ge. A back-
ground index of 2 · 10−4 counts/(keV kg yr) will be achieved. With that background index, when
integrated over the exposure, less than one background event in the region around the expected
peak position of the 0νββ decay will be accumulated. It constitutes a quasi-background-free opera-
tion of LEGEND-200, enabling a potential discovery of the 0νββ decay at a half-life of at least 1027
years. The second phase, LEGEND-1000, will deploy 1000 kg of enriched germanium and reach a
discovery potential above 1028 years. This talk will portray how LEGEND utilizes high-purity ma-
terials, novel sub-detector systems, and sophisticated analysis tools to obtain a quasi-background-
free energy spectrum. Furthermore, first results from the currently ongoing data-taking period of
LEGEND-200 are presented.

C1 / 130

ATLAS Tile Calorimeter Temperature Data Analysis on a Contin-
uous Basis
Authors: Lungisani Phakathi1; Juraj Smiesko2; Filipe Martins3; Betty Kibirige4

1 UNIZULU & iThemba Lab
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This paper compares the historical temperature data of the ATLAS Tile Calorimeter (TileCal)
drawers, extracted from the Detector Control System (DCS). ATLAS TileCal is an experimental
tool used in particle physics for measuring the energy of particles. The TileCal DCS
continuously monitors all the hardware and infrastructure for each subsystem. The Tile-in-
One (TiO) tool is used to visualize and analyze this temperature study. The TiO is a collection
of small, independent web tools called plugins. Plugins assess the quality of data and
conditions for ATLAS TileCal. A change in temperature inside the drawers alters the
photomultiplier tube (PMT) gain, resulting in readout electronics that give null results or data
with lots of errors. Implying that those results may not be used for physics data. The TileCal
drawers are water-cooled using a circuit below atmospheric pressure to prevent leaks,
maintain stable temperatures, maintain constant PMT gain, and finally, maintain the stability
of the electronics. A comparative analysis is done to determine the development of the leaks
or improvements achieved in the cooling system and the stable values of the temperature in
the drawers. The work aims to continuously study the variation of temperature in the module
over a short period of time using the TiO platform and display it to a user in a friendly and
intuitive manner using contemporary web technologies. The DCS provides temperature data
through a dedicated interface called the DCS Data Viewer (DDV). The TiO temperature plugin
is being developed by having the proper scripts that will easily query TileCal DCS using the
DDV server. Currently, the temperature data is extracted and subsequently transformed into
a form suitable for the visualizing library. The plots can be interacted with using the
visualization tool. The biggest focus is on having the temperature plugin be stable and be able
to display the status of the whole detector to be able to detect temperature problems at an
early stage.

C5 / 131

Detector challenges of the strong-field QED experiment LUXE at
the European XFEL
Author: Jenny List1

1 DESY

Corresponding Author: jenny.list@desy.de

The LUXE experiment aims at studying high-field QED in electron-laser and photon-laser interac-
tions, with the 16.5 GeV electron beam of the European XFEL and a laser beam with power of up to
350 TW. The experiment will measure the spectra of electrons, positrons and photons in expected
ranges of 10−3 to 109 per 1 Hz bunch crossing, depending on the laser power and focus. These
measurements have to be performed in the presence of low-energy high radiation-background. To
meet these challenges, for high-rate electron and photon fluxes, the experiment will use Cherenkov
radiation detectors, scintillator screens, sapphire sensors, as well as lead-glass monitors for backscat-
tering off the beam-dump. A four-layer silicon-pixel tracker and a compact electromagnetic tungsten
calorimeter will be used to measure the positron spectra. The layout of the experiment and the ex-
pected performance under the harsh radiation conditions will be presented. Particular attention will
be devoted to the sapphire sensors gamma beam profiler (GBP) which should provide a 5 um pre-
cise Compton-scattered gammas beam profile width, which in turn, will allow a 5% determination
of the absolute laser field intensity experienced by the electron beam. This performances is quite
challenging, given the high irradiation dose experienced by the GBP (about 1 MGy/year). The use
of sapphire sensors in high energy physics experiments is quite novel, and details will be given on
the R&D performed until now to assess their performances in the harsh environment of the LUXE
experiment.
The experiment has received stage 1 critical approval (CD1) from the DESY management and is about
to publish its technical design report (TDR). It is expected to start running in 2025/26.
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Simulating monolithic active pixel sensors: A technology-independent
approach using generic doping profiles
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1 DESY
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The optimisation of the charge collection behaviour in the sensitive region of CMOS sensors with
nonlinear electric fields requires precise simulations, and this can be achieved by a combination of
finite-element electrostatic field simulations and Monte Carlo methods. Monolithic active pixel sen-
sors (MAPS) produced using commercial CMOS imaging processes are attractive in a particle physics
context, as they allow for a reduced material budget and reduction of production complexity and cost
compared to hybrid sensors. The use of commercial processes enables relatively cheap large-scale
production of sensors, but it also means that precise information of the doping concentrations and
manufacturing process may not be publicly available. Exact predictions of sensor behaviour are
thus difficult to make, as the detailed electric field configuration in the sensitive material is highly
dependent on the extent and concentration of different doping regions in the silicon.
This talk aims to demonstrate that by making basic assumptions and performing simulations based
on the fundamental principles of silicon detectors and using generic doping profiles, performance
parameters of MAPS can be inferred and compared for different sensor geometries. A procedure for
this will be described in detail, along with example results. The described procedure utilises Sentau-
rus TCAD and Allpix Squared, and serves as a toolbox for performing sensor response simulations
without detailed knowledge of the sensor doping concentrations and manufacturing process.

E1 / 133

Loading of ATLAS ITk pixel module on multi flavour local sup-
ports

Author: Benedikt Vormwald1

1 CERN

Corresponding Author: benedikt.vormwald@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 three different subsystems with different mechanical support structures,
resulting in an actively instrumented area of about 13m2. The Outer Barrel is made of longerons and
inclined half-rings, the Outer Endcaps is made of half-rings and the Inner System consists of staves
and rings. Prototypes of all flavours of support structures were loaded with pixel modules based on
the RD53A readout chip. The different loading techniques, used in the different loading sites for the
different support structures, are illustrated and discussed. The techniques range from being based
on high precision positioned jig tools to multi-functional pick-and-place head on a robotic gantry.
After the successful loading, the performance of these first large scale detector prototype structure
have been carefully evaluated ensuring also the electrical functionality of the modules after the
loading process in a larger system.
The overview gives emphasis on the loading techniques of the pixel modules on the local support as
well as their subsequent performance qualification.
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ARIADNE+: Large Scale Demonstration of Fast Optical Readout
for Dual Phase LArTPCs at the CERN Neutrino Platform

Author: Konstantinos Mavrokoridis1

1 University of Liverpool

Corresponding Author: k.mavrokoridis@liverpool.ac.uk

Optical readout of large scale dual-phase liquid Argon TPCs is an
attractive and cost effective alternative to charge readout. Following
the successful demonstration of 3D optical readout with the ARIADNE
1-ton detector, the ARIADNE+ experiment was deployed using the protoDUNE
“cold box” at the CERN neutrino platform imaging a much larger active
region of 2mx2m. ARIADNE+ uses 4 Timepix3 cameras imaging the S2 light
produced by 16 novel, patented, glass THGEMs. ARIADNE+ takes
advantage of the raw Timepix3 data coming natively 3D and zero
suppressed with a 1.6 ns timing resolution. Three of the four THGEM
quadrants were visible readout with the fourth featuring a VUV light
image intensifier, thus removing the need for wavelength shifting
altogether. Cosmic muon events were recorded successfully at stable
conditions providing the first demonstration for its use in kton scale
experiments such as DUNE.

In my talk I will be discussing in detail the innovative ideas that make
ARIADNE+ unique and the benefits that come with these technologies.
These include, but are not limited to, TPX3Cams, PEN wavelength
shifting, a chemically etched stainless steel extraction grid, Invar
support structure and a new way to manufacture glass THGEMs. Future
plans and a road map towards an even larger demonstration using the ProtoDUNE
cryostat itself for a dedicated dual phase optical run will also be
discussed.

A4 / 135

Machine learning based reconstruction techniques for CMS HG-
CAL

Author: Alpana AlpanaNone

Corresponding Author: km.alpana@cern.ch

Nearly all physics analyses at CMS rely on precise reconstruction of particles from their signatures
in the experiment’s calorimeters. This requires both assignment of energy deposits to particles and
recovery of various properties across the detector. These tasks have traditionally been performed by
classical algorithms and BDT regressions, both of which rely on human-engineered high level quanti-
ties. However, bypassing human feature engineering and instead training deep learning algorithms
on low-level signals has the potential to further recover lost information and improve the overall
reconstruction. We have therefore developed novel algorithms for particle reconstruction based on
graph neural networks, which allow us to represent the energy deposits recorded in the calorimeter
directly in our models. In this presentation we will show the performance of our GNN architecture
applied to energy reconstruction in test beam data for the CMS High-Granularity Calorimeter (HG-
CAL), planned for operation in the HL-LHC, which have shown an unprecedented improvement in
the energy resolution of single hadrons compared to traditional rules based methods. Furthermore,
we will discuss the new particle flow algorithm designed for HGCAL to do end-to-end particle re-
construction which uses graph architectures to build 3D particle showers.
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Design and prototyping of large-scale flex circuits for the ATLAS
ITk Pixel detector
Author: Flera Rizatdinova1

1 Oklahoma State University

Corresponding Author: flera.rizatdinova@cern.ch

The tight space constraints of the ATLAS ITk Pixel system motivate the design of large-scale flex
circuits for carrying low-voltage power, high-voltage sensor bias, and command/data transmission.
These circuits extend over long distances in the barrel or large areas in the endcap rings, and they
pose unique design challenges. We report on the design and prototyping of large-scale flex cir-
cuits for the ATLAS ITk Pixel system, with a focus on technical issues encountered and lessons
learned.

E1 / 137

System tests of the ATLAS ITk planar and 3D pixel modules
Author: Flera Rizatdinova1

1 Oklahoma State University

Corresponding Author: flera.rizatdinova@cern.ch

A new all-silicon Inner Tracker (ITk) has been designed for the ATLAS experiment at the HL-LHC. As
part of this, a new pixel detector consisting of a total area of approximately 12m2, will be constructed
with planar and 3D pixel modules, mounted onto ring and stave shaped low mass carbon-fibre fibre
support structures. The data will be transmitted optically to the off-detector readout system. To save
material in the servicing cables, serial powering is employed for the supply voltage of the readout
ASICs. Together, these structures are arranged on larger structures to provide tracking up to a
pseudo rapidity of 4.0. In order to validate the design of this new tracker, large scale prototyping
programmes are being carried out by all subsystems. A series of system tests has been performed,
with some of these prototypes, to assess the performance of modules arranged into serial power
chains mounted on to realistic mechanical structures. In this report, the prototype loaded local
supports and test infrastructure is described. The key results of the tests are presented

C5 / 139

Straw Tracker of the future Spin Physics Detector at NICA col-
lider
Author: Temur Enik1

1 JINR

Corresponding Author: temur.enik@cern.ch

The Spin Physics Detector (SPD) at the NICA collider at JINR is being developed to measure the nu-
cleon spin structure. Polarized proton and deuteron beams will collide at the centre-of-mass energy
up to 27 GeV in the proton-proton collision mode, with instantaneous luminosity up to 1e32 Hz/cm2.
Tracks of charged particles will be measured in the magnetic field of a superconducting magnet with
straw-based tracking system. Besides of the track coordinate measurements, the tracker will be used
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as a part of the particle identification system (PID). The barrel part of the tracker will be made of
thin-wall straw tubes produced with ultrasonic welding of a metallized PET foil. The straws have
1 cm diameter and will be assembled in self-supporting octants made of 31 double-layers, result-
ing in total in ~25 000 readout channels. The tracker should have a good spatial resolution and
provide measurements of the particle ionization losses serving the PID. This implies a challenging
requirement to the tracker readout electronics. In this talk we present several possible concepts of
the readout electronics together with simulation of the straw response compared to the test beam
measurements.

F1 / 140

Missing data reconstruction using Machine Learning techniques
in the gaseous TPC PandaX-III experiment

Author: Andrii Lobasenko1

Co-authors: Damien Neyret 2; Yann Bedfer 2
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2 CEA, IRFU, DPhN, LSN
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The PandaX-III experiment aims to detect the Neutrinoless Double-beta decay (NLDBD), a hypothet-
ical process where only two electrons are emitted from the atomic nucleus. Since the Q-value of the
decay is divided only between charged particles, the electron sum energy spectrum of the NLDBD
would show a single peak at the Q-value point. While only a few isotopes undergo double-beta de-
cay with the emission of two anti-neutrinos, Xe-136 was chosen for the experiment due to its high
natural abundance and suitability for use in gaseous TPC detectors. However, the Q-value for Xe-
136 (~2.5MeV) can be contaminated by background radiation, which needs to be distinguished from
the signal.
The PandaX-III experiment uses a Time Projection Chamber (TPC) detector filled with 10 bar gaseous
Xe-136 and a readout plane consisting of 52 Thermal-bonded Micromegas modules (TBMM) 1, each
with readout pixels connected in channels. There are 128 readout channels per module: 64 per X
and Y directions. Therefore, XZ and YZ projections of the initial decay event track represent the
detector output. It stores not only the amplitudes of the signal deposited by ionized particles inside
the gas but also the topology of the event. Thus, such data configuration is beneficial for background
discrimination from the signal [2]. In NLDBD searches, the experiment requires excellent energy
resolution to discriminate signals from the background, and the PandaX-III experiment design aims
to achieve better than 3% at 2.5 MeV. However, in the real-world experiment, readout channels may
be disconnected due to physical damage, the appearance of sparks, high dark currents, and other
factors, resulting in losses in energy measurement and track reconstruction. In addition, the signal
gain may be inhomogeneous on the Micromegas modules, further degrading the energy reconstruc-
tion. To improve the measurement quality, registered data should be corrected for missing channels
and inhomogeneities.
In this project, Machine Learning techniques have been implemented to predict the total energy of
events detected by TBMM modules that have missing channels. Additionally, event classification
was studied to differentiate between NLDBD events and background events based on their topology.
To conduct the analysis, Monte-Carlo simulations were performed using REST software based on
the Geant4 and ROOT libraries. Multiple Neural Network (NN) architectures were tested to find the
most optimal configuration that yields the best predictions. The results indicate an improvement in
the detection efficiency of an NLDBD signal when NN is applied to correct missing energy compared
to direct signal detection with missing energies. Finally, discrimination of the background using NN
demonstrates noticeable results, helping select events that require reconstruction due to detector
flaws. Such a technique shows excellent potential in implementation in Micromegas-based experi-
ments. After having presented the experiment and the status of the MM readout, the methodology
of the ML studies will be described along with the corresponding results.
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A custom Application Specific Integrated Circuit (ASIC) TIGER (Turin Integrated Gem Electronics
for Readout) is capable of simultaneous precise measurements of both the charge and time character-
istics of signals in gaseous detectors. Flexibility of TIGER operation parameters makes it attractive
to be evaluated as a front-end electronics solution for Straw-based Trackers of future High Energy
and Neutrino Physics experiments.

We present first performance measurements done with Straw drift tubes operated with the TIGER-
based readout. The results obtained with the SPS muon beam at CERN allows us to explore the
advantages and limitations of the TIGER readout option for Straw tubes. An overview of possible
further development is presented.

C2 / 142

Development of charge-based calibration systems for LAr-TPCs
in the DUNE Experiment
Author: Nuno Barros1

1 LIP

Corresponding Author: barros@lip.pt

Large liquid argon time projection chambers (LAr-TPCs) are playing an increasingly important role
in neutrino physics, with several past and present accelerator neutrino experiments choosing this
technology for their designs. The upcoming DUNE experiment will supersede all its predecessors
both in size and physics reach. The calibration of the DUNE detector will be an essential component
of its capability to reach the required performance and precision. In the past experiments, natural
sources have been extensively used, but for DUNE these present limitations, since natural radioac-
tivity from Ar-39 is of low energy, and the rate of cosmic ray muons is low when the detectors are
placed deep underground. Since several decades, argon gas TPCs have been calibrated with ioniz-
ing laser beams, and more recently the technique has been further developed for use in liquid TPCs.
Other recent ideas include the use of external neutron generators creating pulses that propagate into
the detector. This talk will outline the methods employed for the calibration of DUNE, as well as
a description of the planned systems and their goals, including the plans for the upcoming runs of
ProtoDUNE, the large scale prototypes deployed at CERN that will be running later this year.
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Gas Quality Monitor for gaseous detectors
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Reliable operation of gaseous coordinate detectors in modern High Energy Physics experiments
requires precise and stable composition of the working gas mixture. Independent monitoring of the
gas quality is vital for many detector systems.

We propose independent gas quality monitoring system based on a straw tube module equipped
with a configurable high voltage supply, readout electronics and RaspberryPi-based lightweight Data
Acquisition System. The module can be connected to a supply or return lines of the monitored gas
system. Straw response to a 55Fe X-ray source is amplified, digitized and recorded. The peak position
of the signal amplitude spectra is proportional to the straw gas gain which in turn depends on the
gas quality, pressure and temperature.

Careful calibration of pressure and temperature dependence allows to obtain high sensitivity to
the changes of the gas composition. The results achieved with Ar/CO2/CF4 gas mixtures are pre-
sented.

F3 / 144

Sterile Neutrino Dark Matter Searches with the KATRIN Experi-
ment
Author: Frank Edzards1

1 Technical University of Munich

Corresponding Author: frank.edzards@tum.de

Sterile neutrinos are a natural extension of the Standard Model of particle physics. If their mass is in
the keV range, they are a viable dark matter candidate. One way to search for sterile neutrinos in a
laboratory-based experiment is via tritium beta decay. A sterile neutrino with a mass up to 18.6 keV
would manifest itself in the decay spectrum as a kink-like distortion. The objective of the TRISTAN
project is to extend the Karlsruhe Tritium Neutrino Experiment (KATRIN) with a novel multi-pixel
silicon drift detector and readout system to search for a keV-scale sterile neutrino signal. This talk
will give an overview on the current status of the project.

This work is supported by BMBF (05A17PM3, 05A17PX3, 05A17VK2, 05A17WO3), KSETA, the
Max Planck society, and the Helmholtz Association. Moreover, this project has received funding
from the European Research Council (ERC) under the European Union Horizon 2020 research and
innovation program (grant agreement no. 852845).
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The Baksan Large Neutrino Telescope Project
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Author: Bayarto LubsandorzhievNone

Corresponding Author: lubsand@rambler.ru

A large-volume liquid scintillator neutrino detector is proposed to develop at the Baksan Neutrino
Observatory of Institute for Nuclear Research of the Russian Academy of Sciences in the North Cau-
casus. The detector will be located at the depth of 4700 m.w.e. (meter of water equivalent). A target
mass of the detector will be 10 kt. This multipurpose detector is being developed to study primarily
natural neutrino and antineutrino fluxes namely fluxes of solar neutrinos, geoneutrinos and neutri-
nos from other astrophysical sources. The project is aimed to have a record energy resolution which
along with its location at the large depth and relatively far distance from operating nuclear reactors
will allow reaching a record sensitivity to the natural neutrino and antineutrino fluxes. The project,
if implemented, would be a successor of the Borexino experiment and other European projects like
LENA. We report in the paper the present status of the project and describe some selective results
of the project first stage - the detector prototype with 0.5 t liquid scintillator. Results of R&D for
the project second stage with 5 t liquid scintillator are presented. Further perspectives of the project
including 100 t prototype are discussed too.

F5 / 146

Novel pixel sensors for the Inner Tracker upgrade of the ATLAS
experiment
Author: Stefano Terzo1

1 IFAE, Bracelona

Corresponding Author: sterzo@ifae.es

The High Luminosity upgrade of the Large Hadron Collider at CERN, the HL-LHC, is expected to
provide up to 200 proton-proton interaction per bunch crossing delivering about 4000 fb−1 of data
over 10 years.
To operate in such a harsh particle environment the present inner detector of ATLAS experiment will
be replaced by a completely new Inner Tracker (ITk). The pixel detector, which is the innermost part
of the ITk, will have to face an extremely large particle multiplicity and a consequent huge radiation
fluence up to 2×1016neq/cm2. The pixel modules are therefore designed with a fine granularity
employing pixel cells of 25×100 µm2 in the innermost barrel layer and 50×50 µm2 pixel cells in
the remaining four layers and in the rings. Moreover, the pixel detector will be built with different
sensor technologies depending on the distance from the proton interaction point and the consequent
radiation levels expected.
Thin n-in-p planar sensors with 150 µm and 100 µm thick active substrates will instrument the
outermost pixel layers and the second innermost layer, respectively; 3D silicon sensors produced
with a single side process will instead instrument the innermost layer due to their superior radiation
hardness.
The production of all sensor types for ITk is about to start, and the first pre-production sensors and
modules have been already delivered and evaluated by the ATLAS Collaboration.
In this contribution we will present the performance of the different 3D and planar pre-production
sensors as well as the result of the first modules assembled with the latest revision of the final readout
chip, the ITkPix. Particular focus will be given to the evaluation of the radiation hardness of these
sensors which have been irradiated up to the doses expected at the HL-LHC.

C4 / 147

Calibration system of EAS Cherenkov arrays using commercial
drone helicopter

Authors: Dmitriy VoroninNone; Bayarto LubsandorzhievNone
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EAS Cherenkov arrays are a powerful instrument for studies of primary cosmic rays in a wide range
of energy. In this approach the Earth’s atmosphere is used as a calorimeter providing EAS Cherenkov
arrays high energy resolution. Another advantage of the method is its high time resolution which
results in a good angular resolution. Usually EAS Cherenkov array is a sparsely instrumented ar-
ray with a distance of 100 m (or more) between individual Cherenkov photon detectors (optical
stations/modules) covering hundreds of square meters or a few thousands of square kilometers. So,
to calibrate such arrays is not simple task. We developed a calibration system of EAS Cherenkov ar-
rays based on a single fast light source on board of remotely controlled commercial drone helicopter.
The light source is based on a single high power blue InGaN LED driven by avalanche transistors
driver. The light source provides light pulses with 2-3 ns (FWHM) width and 1010-1011 photons
per pulse. Preliminary results of test flights of the calibration system are presented. Preliminary
results of calibration measurements of Cherenkov arrays of the TAIGA experiment using described
calibration system are presented too.

E4 / 148

Quenching factor measurements for the NEWS-G experiment

Authors: Neha Panchal1; On behalf of NEWS-G collaborationNone

1 Queen’s University

Corresponding Author: np72@queensu.ca

The NEWS-G experiment is a dark matter experiment based on gaseous detectors, located at SNO
lab. The experiment aims to detect WIMPs by measuring nuclear recoils in noble gases using a spher-
ical proportional counter (SPC) detector, which offers high sensitivity due to its unprecedented low
energy threshold. Accurate measurement of the recoil energy requires knowledge of the quenching
factor (QF), which quantifies the reduction of ionization due to nuclear recoils compared to electro-
magnetic interactions. We have already conducted quenching factor (QF) measurements at TUNL
using a mixture of Ne + CH4 gas at 2 bar. As part of our future plans, we intend to measure the
QF using various gas mixtures and different detector parameters. To facilitate these in-beam QF
measurements, we recently carried out a tabletop experiment at Queen’s University to study SPC
detector characteristics for different detector parameters. Plan for another campaign at TUNL for
QF measurement is ongoing and a possibility of conducting such an experiment at UdeM is also
underway.

In this talk, the highlights of the tabletop experiment will be presented. In addition, the past mea-
surement, current status, and the future plans of the NEWS-G collaboration in measuring QF with
SPC will be summarized.

G4 / 149

A project to develop a few kt GAGG(Ce) scintillator detector for
low energy neutrino studies at the Baksan Neutrino Observatory

Authors: Sultim LubsandorzhievNone; Andrey Sidorenkov1; Bayarto LubsandorzhievNone; Nikita Ushakov1

1 Institute for Nuclear Research of the Russian Academy of Sciences

Corresponding Author: lubsand@rambler.ru

We present a project to develop Gallium containing scintillator detector for low energy neutrino
studies. GAGG(Ce) is a relatively new highly efficient fast inorganic scintillator. Recently the scin-
tillator was propsed (P. Huber, 2022) as neutrino detector to test the well known and still not yet
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resolved Gallium anomaly. Following this idea we evaluate GAGG(Ce) scintillator as a possible ma-
terial for low energy neutrino detection, not only to test Gallium anomaly but also as neutrinoless
double beta-decay detector. The latter point will demand enrichment by 160Gd isotope. The first
very preliminary R&D studies looks very promissing. Possibilities of using other Gallium containing
scintillators for low energy neutrino studies are discussed too.

H1 / 150

Development of Muon Tomography for the Geometry Validation
of the CMS High Granularity Calorimeter
Author: Ulrich Goerlach1

1 IPHC-CNRS Strasbourg

Corresponding Author: ulrich.goerlach@iphc.cnrs.fr

The high granularity calorimeter (HGCAL) of CMS is planned to operate during the high luminosity
operation of the LHC, replacing the existing electromagnetic and hadronic calorimeters at the endcap
section. It will enable a detailed investigation of vector boson fusion processes and Lorentz-boosted
topologies in forward regions. An extensive validation of the hardware and software components
of this state-of-the-art calorimeter is currently in progress.

In this presentation we describe some of the interesting and complex details that need to be included
in a high quality simulation of the calorimeter. We have developed a muon tomography technique
that is found to be very useful for identifying any problems after changes are made as well as for test-
ing the correctness of the geometry. We discuss how this technique is used to figure out energy loss
discrepancies with partial-wafer silicon sensors, incorrect rotation of full and partial-wafer silicon
sensors, and validation of GEANT hit positions in the HGCAL scintillator tiles.

G4 / 151

Neutrinoless double beta decay search with the AMoRE-II exper-
iment
Author: SeungCheon Kim1

1 CUP, IBS

Corresponding Author: sckim@ibs.re.kr

Neutrinoless double beta decay search is a powerful tool to clarify the nature of neutrino as a Dirac
or Majorana-type particle and probe the unknown neutrino mass. 
Observing this decay means  the lepton number violating process, which will help us understand
the baryon asymmetric universe with the leptogenesis scenario. 
The AMoRE collaboration has been searching for neutrinoless double beta decay of 100Mo with cryo-
genic calorimeters using scintillating molybdate crystals and MMC (metallic magnetic calorimeter)
sensors. AMoRE-pilot and AMoRE-I phases of the experiment demonstrated the competitive poten-
tial for the search and the experiment is rapidly moving toward the AMoRE-II phase, which will
exploit 100 kg of 100Mo isotopes ultimately.  The AMoRE-II detector will consist of hundreds of
cryogenic calorimeters and surrounding muon veto detectors made up of an array of plastic scin-
tillators and water cherenkov detector. The material for the detector system has been carefully
chosen and radiation shielding structure has been optimized to reach the background level of 10^-4
cnts/kg/keV/year around the region of the interest for the signal search. The new experiment will
be built in Yemilab, the new underground laboratory located 1000 meter below Yemi mountain in
Gangwon province, South Korea, which allows the large space and utilities for the experiment with
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significantly improved sensitivity. The recent result of AMoRE-I new limit and the overall status of
the AMoRE-II experiment will be presented in the conference.

B3 / 152

The high-performance DIRC detector for ePIC Detector at the fu-
ture Electron-Ion Collider
Author: Greg Kalicy1

1 CUA

Corresponding Author: gkalicy@jlab.org

The next frontier project of nuclear physics in the United States will be the Electron-Ion Collider
(EIC), planned to be built in the Brookhaven National Laboratory (BNL). Excellent particle identifi-
cation (PID) is one of the key requirements for the EIC central detector. Identification of the hadrons
in the final state is critical to study how different quark flavors contribute to nucleon properties. A
detector using the Detection of Internally Reflected Cherenkov light (DIRC) principle, with a radial
size of only 7-8 cm, was selected to meet these requirements. The high-performance DIRC (hpDIRC)
detector is being developed through multiple R&D programs. It will extend the momentum cover-
age well beyond the state-of-the-art 3 standard deviations or more separation of π/K up to at least
6 GeV/c, p/K up to 10 GeV/c, and low momentum e/π. Key components of the hpDIRC detector are
a 3-layer compound lens and small pixel-size photosensors. This contribution will present major
developments in the DIRC R&D programs, with a focus on developing and validating the radiation
hard 3-layer lens, investigating the reuse of BaBar DIRC bars, and the hpDIRC full system prototype
program with Cosmic Ray Telescope at Stony Brook.

F2 / 153

Tracking-detector design for a multi-TeV Muon Collider
Author: Nazar Bartosik1

1 INFN Torino

Corresponding Author: nazar.bartosik@cern.ch

A multi-TeV Muon Collider is a promising candidate for the next energy-frontier facility, combin-
ing in a single machine usually competing features, such as high energy reach, clean final states, and
small environmental footprint. In particular, a collider with the centre-of-mass energy of 10 TeV is
the long-term target of the ongoing design study, while lower intermediate energies are also consid-
ered. Featuring much smaller size and lower energy consumption its discovery potential would be
comparable to that of the FCC-hh with its 100 TeV centre-of-mass energy.

One of the biggest technical challenges at a Muon Collider experiment is designing a detector capable
of delivering high physics performance under the extremely intense beam-induced background (BIB)
that originates from the muon decays along the collider ring. It is particularly challenging in the
tracking detector, where hit density can reach 1000 hits/cm^2 close to the interaction region at the
total ionising dose of ~1 Mrad/year. It is therefore necessary to design the tracking detector such that
effective mitigation of background can be achieved to make full event reconstruction feasible.

This contribution presents the latest results from a full-simulation study on the optimal design of a
Muon Collider tracking detector. It includes the nominal performance figures obtained from simu-
lations together with the most promising BIB-mitigation strategies, and an overview of promising
technologies compatible with this detector design.
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Development of CMOS Pixel Sensor prototypes for the CEPC ver-
tex detector
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The proposed Circular Electron Positron Collider (CEPC) imposes new challenges for the vertex
detector in terms of material budget, spatial resolution, readout speed, and power consumption. The
TaichuPix chip is a dedicated CMOS Pixel Sensor that is being developed for the first 6-layer silicon
vertex detector prototype of the CEPC vertex detector R&D. The TaichuPix chip need to provide a
spatial resolution better than 5 μm, and a radiation tolerance higher than 1 MRad. The TaichuPix
development is based on a fast in-pixel readout combined with a hit-driven architecture, which
would be beneficial for the high hit rate. Over the last years of R&D, several prototypes have been
designed to optimize in-pixel circuit and readout architecture, and to verify radiation hardness. Two
small-scale demonstrator chips (25 mm2) capable of achieving a hit rate up to 36 MHz/cm2, were
developed in a 180 nm CMOS process. Two different in-pixel digital readout designs, benefiting
from the FE-I3 and ALPIDE approaches, have been implemented to achieve a fast readout. The
readout of the pixel array is based on a proposed “column-drain” architecture. The positive results
of the small-scale prototypes led to a submission of the first full-scale (2.6 cm × 1.6 cm) TaichuPix
prototype in 2022. These prototypes were firstly characterized with electrical and radioactive sources
in laboratory. The full-scale sensor chip was further characterized at the DESY test beam facility. The
design details of TaichuPix prototypes and a summary of the results obtained are given.

E1 / 155

Module development for the ATLAS ITk Pixel Detector
Author: Richard Bates1

1 University of Glasgow

Corresponding Author: richard.bates@glasgow.ac.uk

Abstract:
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 Detec-
tor 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
studied, and solutions found. These included production issues like bump bonding of large area,
thin modules, as well as layout issues like optimization of the bandwidth and sharing of links be-
tween multiple chips and modules. The talk will present results of many of these studies, which
directly impacted the construction and assembly of pre-production modules using the first produc-
tion version of the readout chip ITkPixV1. The status of the ITk preproduction pixel module will be
presented.
Summary:
In this work the latest results with the latest pre-production ITkpix pixel module will be presented.
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In the ITk pixel system there are 5 pixel layers and there will be different module flavours depending
on their distance with respect to the interaction point:
• In L2-4 there will be quad modules with 150 um thick planar sensors.
• In L1 there will be quad modules with 100 um thick planar sensors.
• In L0 (the innermost layer) three different flavours of triplet modules will be used with different
pixel sizes and hybrid shapes all on 150 um active thick substrates but:
o 50 x50 um2 pixel size in the endcaps (rings)
o 25 x 100 um2 pixel sizes in the barrel (staves)
The reasons for the election of the different technologies will be justified. The different assembly
procedures and challenges found on the module prototyping phase will be described.
About 15,000-pixel modules will be built for the Inner Tracker. The module assembly requires very
high precision and custom designed tooling that can provide extreme accuracy. Design aspects of
the components and tooling will be discussed.
The module deign is validated for bump delamination caused by thermal stress due to the wide op-
erational temperature range of -45 and +40℃. Results from the design validation will be presented.
All the modules have to undergo an exhaustive quality control protocol based on metrology and
electrical functionality. These tests ensure that the whole detector will fit without problems within
the tight ATLAS volume available, perform electrically within a serial power chain within the tight
powering envelope and with the required pixel analogue and digital performance.
Final QC test of each module will include a thermal cycling in a wide range of temperatures between
-45 and +40℃ in order to estimate reliability of the modules. All electrical parts of the pixel modules
need to be carefully tested and the modules which did not meet the required specifications will be
rejected during production. A description of the QC procedure and the most recent test results will
be presented, including the results of basic and advanced pixel module tests.

H4 / 156

163Ho implantation in TES-based micro-calorimeters for the HOLMES
experiment.
Author: Matteo De Gerone1

1 INFN Genova

Corresponding Author: matteo.degerone@ge.infn.it

The HOLMES experiment aims to directly measure the ν mass studying the 163Ho electron cap-
ture decay spectrum, developing arrays of TES-based micro-calorimeters implanted with O(102
Bq/detector) 163Ho atoms.
The 163Ho embedding inside detectors is a crucial step of the experiment. Because 163Ho is produced
by neutron irradiation of a 162Er sample, the source must be separated from a lot of contaminants.
A chemical process removes every species other than Ho, but it is not sufficient to remove all back-
ground sources: in particular, 166mHo beta decay can produce fake signal in the region of interest.
For this reason a dedicated implantation / beam analysis system has been set up and commissioned
in Genoa’s laboratory. It is designed to achieve more than 5σ separation @163/166 a.m.u. simul-
taneously allowing an efficient Ho atoms embedding in the absorbers. The machine performances
in terms of achievable current, beam profile and mass separation have been studied with Monte-
Carlo simulations and evaluated by means of calibration runs using Cu, Mo, Au and 165Ho beams.
In this work, the commissioning of the machine and the production of the first set of low activity
(O(1Bq/detector)) implanted TES will be described.

E2 / 157

Timing and synchronisation of the DUNE far detector
Author: Stoyan Trilov1
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The Deep Underground Neutrino Experiment (DUNE) will be composed of two neutrino detectors
positioned in an intense neutrino beam, originating at the Fermi National Accelerator Laboratory
(FNAL). The near detector (ND) will be located at FNAL, and will characterise the neutrino beam.
The far detector (FD) will be 1300 km from FNAL, and 1.5 km underground. The FD is segmented
into four liquid argon time projection chamber (LArTPC) modules, each with a mass of 17kt. The
DUNE timing system (DTS) will distribute a phase-aligned clock and synchronised timestamps to
all FD electronics. Alongside clock and timestamps, the DTS will be able to distribute fast fixed-
latency messages, allowing synchronised operations across the large DUNE FD, e.g. calibration laser
firing. The system is expected to achieve sub-ns timestamp synchronisation within a FD module.
High reliability through system redundancy in a hot-swap configuration is a fundamental feature of
the system’s architecture. The built-in redundancy will help minimise downtime, and allow cross-
checking of synchronisation. An overview of the DTS hardware, firmware, software, and system
level functionality is given, as well as summary of the DTS prototype operations at the ProtoDUNE
detectors hosted at the European Organization for Nuclear Research (CERN).

A2 / 158

The T2K Near Detector upgrade
Author: Paul Soler1

1 University of Glasgow

Corresponding Author: paul.soler@glasgow.ac.uk

Neutrino oscillation physics has now entered the precision era. In parallel with needing larger de-
tectors to collect more data, future experiments further require a significant reduction of systematic
uncertainties with respect to what is currently available. In the neutrino oscillation measurements
from the T2K experiment, the systematic uncertainties related to neutrino interaction cross sec-
tions are currently dominant. To reduce this uncertainty, a significantly improved understanding
of neutrino-nucleus interactions is required. In particular, it is crucial to better characterise the nu-
clear effects which can alter the final state topology and kinematics of neutrino interactions in such
a way which can bias neutrino energy reconstruction and therefore bias measurements of neutrino
oscillations.

The upgraded ND280 detector will consist of a totally active Super-Fine-Grained-Detector (Super-
FGD) composed of 2 million 1 cm3 scintillator cubes with three 2D readouts, two High Angle TPC
(HA-TPC) instrumented with resistive MicroMegas modules, and six TOF planes. It will directly
confront our knowledge of neutrino interactions thanks to its full polar angle acceptance and a
much lower proton tracking threshold. Furthermore, neutron tagging capabilities, in addition to
precision timing information, will allow the upgraded detector to estimate neutron kinematics from
neutrino interactions. Such improvements permit access to a much larger kinematic phase space
which correspondingly allows techniques such as the analysis of transverse kinematic imbalances,
to offer remarkable constraints of the pertinent nuclear physics for T2K analyses.

New reconstruction algorithms are being developed to fully benefit from the improved capabilities
of the Super-FGD and of the HA-TPC and will be described in this talk together with the expected
performances of the ND280 upgrade.

A5 / 159

Overview of the ATLAS High-Granularity Timing Detector: project
status and results
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The increase of the particle flux (pile-up) at the HL-LHC with instantaneous luminosities up to L
7.5 × 1034 cm−2s−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 gran-
ularity and the inner tracker has poorer momentum resolution will be particularly affected. A High
Granularity Timing Detector (HGTD) will be installed in front of the LAr end-cap calorimeters for
pile-up mitigation and luminosity measurement.
The HGTD is a novel detector introduced to augment the new all-silicon Inner Tracker in the pseudo-
rapidity range from 2.4 to 4.0, adding the capability to measure charged-particle trajectories in time
as well as space. Two silicon-sensor double-sided layers will provide precision timing information
for minimum-ionising particles with a resolution as good as 30 ps per track in order to assign each
particle to the correct vertex. Readout cells have a size of 1.3 mm × 1.3 mm, leading to a highly
granular detector with 3.7 million channels. Low Gain Avalanche Detectors (LGAD) technology has
been chosen as it provides enough gain to reach the large signal over noise ratio needed.
The requirements and overall specifications of the HGTD will be presented as well as the technical
design and the project status. The R&D effort carried out to study the sensors, the readout ASIC, and
the other components, supported by laboratory and test beam results, will also be presented.

C3 / 160

Chips for calibration of the ATLAS LAr calorimeter

Authors: ATLASNone; Teresa Barillari1
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Corresponding Author: barilla@mppmu.mpg.de

The LHC upgrade at CERN implies an increase in the dynamic range for the electromagnetic liquid
argon (Lar) calorimeter of the ATLAS detector, a change in the power supply system and an increase
of the luminosity and thus of radiation effects on detectors. This requires completely redoing the
Lar calibration system. The new system should provide a 16-bit range current (from 625 nA to 320
mA) with 1‰ accuracy while being radiation tolerant. The former operating principle is used: a very
precise DC current is stored in an inductor when this current is switched off it generates a precise
pulse injected in the readout electronics. This is achieved by two different chips: the first one, in
TSMC 130nm technology, provides the 16-bit current DAC as well as the calibration management
system (I2C slow control and commands to obtain pulses); the second chip, in XFAB 180nm technol-
ogy, embeds four high-frequency switches (1GHz) to generate the fast pulses for calibration. This
talk will present these two chips in details and give measurement results as well as irradiation test
results for both technologies.

C1 / 161

ATLAS LAr Calorimeter Commissioning for LHC Run-3

Authors: ATLASNone; Teresa Barillari1
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To cope with the increase of the LHC instantaneous luminosity, new
trigger readout electronics were installed on the ATLAS Liquid Argon
Calorimeters.

On the detector, 124 new electronic boards digitise at high speed 10
times more signals than the legacy system. Downstream, large FPGAs are
processing up to 20 Tbps of data to compute the deposited energies.
Moreover, a new control and monitoring infrastructure has been
developed.

This contribution will present the challenges of the commissioning, the
first steps in operation, and the milestones still to be completed
towards the full operation of both the legacy and the new trigger
readout paths for the LHC Run-3.

G3 / 162

Development of the ATLAS Liquid Argon Calorimeter Readout
Electronics for the HL-LHC
Authors: ATLASNone; Teresa Barillari1

1 Max-Planck-Inst. fuer Physik Muenchen, Germany

Corresponding Author: barilla@mppmu.mpg.de

A new era of hadron collisions will start around 2029 with the
High-Luminosity LHC which will allow to collect ten times more data
than what has been collected during 10 years of operation at LHC.
This will be achieved by higher instantaneous luminosity at the
price of a higher number of collisions per bunch crossing.

In order to withstand the high expected radiation doses and the harsher
data taking conditions, the ATLAS Liquid Argon Calorimeter readout
electronics will be upgraded.

The electronic readout chain is composed of four main components.
1: New front-end boards will allow to amplify, shape and digitise the
calorimeter’s ionisation signal on two gains over a dynamic range of
16 bits and 11 bit precision. Low noise below Minimum Ionising
Particle (MIP), i.e. below 120 nA for 45 ns peaking time, and maximum
non-linearity of two per mille is required. Custom preamplifiers and
shapers are being developed to meet these requirements using 65 nm and
130 nm CMOS technologies. They shall be stable under irradiation until
1.4kGy (TID) and 4.1x10^13 new/cm^2 (NIEL). Two concurrent preamp-shaper
ASICs were developed and, “ALFE”, the best one has been chosen. The test
results of the latest version of this ASIC will be presented. “COLUTA”,
a new ADC chip is also being designed. A production test setup is being
prepared and integration tests of the different components (including
lpGBT links developed by CERN) on a 32-channels front-end board are
ongoing, and results of this integration will be shown.
2: New calibration boards will allow the precise calibration of all
182468 channels of the calorimeter over a 16 bits dynamic range. A
non-linearity of one per mille and non-uniformity between channels of
0.25% with a pulse rise time smaller than 1ns shall be achieved. In
addition, the custom calibration ASICs shall be stable under
irradiation with same levels as preamp-shaper and ADC chips. The HV
SOI CMOS XFAB 180nm technology is used for the pulser ASIC, “CLAROC”,
while the TSMC 130 nm technology is used for the DAC part, “LADOC”.
The latest versions of those 2 ASICs which recently passed the production
readiness review (PDR) with their respective performances will be presented.
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3: New ATCA compliant signal processing boards (“LASP”) will receive
the detector data at 40 MHz where FPGAs connected through lpGBT
high-speed links will perform energy and time reconstruction. In
total, the off-detector electronics receive 345 Tbps of data via 33000
links at 10 Gbps. For the first time, online machine learning techniques
are considered to be used in these FPGAs. A subset of the original data
is sent with low latency to the hardware trigger system, while the
full data are buffered until the reception of trigger accept signals. The
latest development status of the board as well as the firmware will
be shown.
4: A new timing and control system, “LATS”, will synchronise with the
aforementioned components. Its current design status will also be
shown.
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Machine Learning for Real-Time Processing of ATLAS Liquid Ar-
gon Calorimeter Signals with FPGAs

Authors: ATLASNone; Teresa Barillari1
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Corresponding Author: barilla@mppmu.mpg.de

The Phase-II Upgrade of the LHC will increase its instantaneous
luminosity by a factor of 7 leading to the High Luminosity LHC
(HL-LHC).
At the HL-LHC, the number of proton-proton collisions in one bunch
crossing (called pileup) increases significantly, putting more
stringent requirements on the LHC detectors electronics and real-time data
processing capabilities.

The ATLAS Liquid Argon (LAr) calorimeter measures the energy of
particles produced in LHC collisions. This calorimeter also feeds the
ATLAS trigger to identify interesting events. In order to enhance the
ATLAS detector physics discovery potential, in the blurred environment
created by the pileup, an excellent resolution of the deposited energy
and an accurate detection of the deposited time is crucial.

The computation of the deposited energy is performed in real-time using
dedicated data acquisition electronic boards based on FPGAs. FPGAs are
chosen for their capacity to treat large amount of data with very low
latency. The computation of the deposited energy is currently done
using optimal filtering algorithms that assume a nominal pulse shape of the
electronic signal. These filter algorithms are adapted to the ideal
situation with very limited pileup and no overlap of the electronic
pulses in the detector. However, with the increased luminosity and pileup,
the performance of the optimal filter algorithms decreases significantly and
no further extension nor tuning of these algorithms could recover the
lost performance.

The off-detector electronic boards for the Phase-II Upgrade of the LAr
calorimeter will use the next high-end generation of INTEL FPGAs with
increased processing power and memory. This is a unique opportunity to
develop the necessary tools, enabling the use of more complex
algorithms on these boards. We developed several neural networks (NNs) with
significant performance improvements with respect to the optimal
filtering algorithms. The main challenge is to efficiently implement these
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NNs into the dedicated data acquisition electronics. Special effort was
dedicated to minimising the needed computational power while optimising the NNs
architectures.

Five NN algorithms based on CNN, RNN, and LSTM architectures will be
presented. The improvement of the energy resolution and the accuracy of
the deposited time compared to the legacy filter algorithms, especially
for overlapping pulses, will be discussed. The implementation of these
networks in firmware will be shown. Two implementation categories in
VHDL and Quartus HLS code are considered. The implementation results on Stratix
10 INTEL FPGAs, including the resource usage, latency, and operation
frequency will be reported. Approximations in the firmware
implementations, including the use of fixed-point precision arithmetic
and lookup tables for activation functions, will be discussed. Implementations
including time multiplexing to reduce resource usage will be presented.
We will show that two of these NNs implementations are viable solutions that
fit the stringent data processing requirements on the latency
(O(100ns)) and bandwidth (O(1Tb/s) per FPGA) needed for the ATLAS detector operation.

A4 / 164

Present and future of tracking and vertexing in CMS
Author: Marco MusichNone

Corresponding Author: marco.musich@cern.ch

Accurate reconstruction of charged particle trajectories and measurement of their parameters (track-
ing) is one of the major challenges of the CMS experiment. A precise and efficient tracking is one
of the critical components of the CMS physics program as it impacts the ability to reconstruct the
physics objects needed to understand proton-proton collisions at the LHC. In this work, we describe
the evolution of tracking and vertexing algorithms in CMS, both at the high-level trigger and for the
offline reconstruction. Results will include how the adoption of heterogeneous architectures enables
novel tracking approaches targeting both the LHC Run 3 and HL-LHC data-taking periods.
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Optimization of the Efficiency of the DUNE FD1 and FD2 photon
detection system.
Author: Carla Maria Cattadori1

1 INFN Milano Bicocca

Corresponding Author: carla.cattadori@lngs.infn.it

DUNE is a long-baseline accelerator experiment in construction at Fermilab and SURF (South Dakota)
aiming to probe CP violation in the neutrino sector and to identify the neutrino mass hierarchy.
The DUNE physics reach on the observation of supernova neutrino bursts and proton decay is re-
markably enhanced by the DUNE Photon Detection System (PDS) and strictly related to the Photon
Detection Efficiency (PDE) of its fundamental unit, which is based on a light concentration technol-
ogy named X-Arapuca.

In this contribution, we will present the latest results achieved in the framework of DUNE PDS
Consortium activities on the optimization of the PDE of the X-Arapuca device, to reach and surpass
the baseline value of 3%, allowing to target the FD1 physics reach. This thanks to the new engineering
of the relevant components embedded in the XA device i.e. the Dichroic Filters and the secondary
downshifting (WLS) lightguide slab. The latter is now the baseline product for both Dune FD1 and
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FD2 modules: thanks to the manufacturing process, it shows high performances at low cost and
can be shaped in slabs sizing one square meter or more. This will allow to cover the large surfaces
required for DUNE.
Accurate PDE measurements and simulations of the X-Arapuca cells will be presented, showing
how the new WLS material in synergy with improved SiPMs-to-WLS coupling and light trapping of
the WLS device, enhances the PDE up to 3% and greater. The cryo-reliability, cryo-aging tests and
radiopurity assessment of the WLS material will be also presented.
This material may found application in any project aiming to enhance the down conversion and
collection of NUV light, as in SBND, SOLAR, LEGEND-200, LEGEND-1000.
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Understanding the temperature dependence of SiPM characteris-
tics
Authors: Gobinda Majumder1; Mamta Jangra2; Mandar Saraf3
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The prototype detector of the ICAL experiment at the India-based Neutrino Observatory, the mini-
ICAL
is in operation at the IICHEP, Madurai. A Cosmic Muon Veto detector (CMVD) around the mini-
ICAL is
being commissioned using extruded plastic scintillators with embedded WLS fibers. The SiPM is
used
as a photo-transducer and that will be calibrated using an ultrafast LED driver. Other than the basic
efficiency and gain study for the CMVD as a function of overvoltage (Vov), an experimental setup
was
designed to characterise the SiPMs in a temperature controlled environment. The readout electronics
involves trans-impedance amplifiers of combined gain 1.24 mV/µA and a digital storage oscilloscope
for the data collection without much distortion of SiPM signal. Various characteristics of the
Hamamatsu SiPM
(S13360-2050VE), e.g. signal shape, optically correlated and uncorrelated noise, recovery time etc
were studied as a function of Vov , number of photoelectrons and the ambient temperature. This
paper will cover the details of those results.

A4 / 167

Expected Performance of cosmic muon veto detector at IICHEP,
Madurai, India
Author: raj shah1

Co-author: Gobinda Majumder 2

1 Tata Institute of Fundamental Research
2 Tata Institute of Fundamental Research, Mumbai, India

Corresponding Authors: gobinda@tifr.res.in, raj.shah@tifr.res.in

The purpose of the cosmic muon veto (CMV) detector is to investigate the feasibility of constructing
a large-scale neutrino experiment at shallow depths. An extruded plastic scintillator (EPS)-based
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active veto system for cosmic ray muons is being built around the existing miniICAL detector, which
is a scaled-down version of the proposed ICAL detector, at the transit campus of India-based Neutrino
Observatory in Madurai.

Individual detector consists of extruded plastic scintillator (EPS) (∼ 500cm × 5cm × 1cm ) con-
sisting of two WLS fibres to collect scintillation photons and four silicon-photomultipliers (SiPMs)
as photo-transducers. Eight such detectors are grouped to form a module, called a tile, which is
placed adjacent to other tiles to cover the entire mini-ICAL detector. To achieve high efficiency and
cover the dead space, up to four of these layers are stacked, to form veto-wall. The CMV detector
comprises four walls, one on top, three on the sides, making it an active veto system that covers the
miniICAL detector. The performance of scintillators, WLS fibres, SiPM readout systems, and muon
reconstruction in the miniICAL have been well established. Using these developments, this work
examines the feasibility of building such a large veto system around the miniICAL detector using
the GEANT4 toolkit. The efficiency of the CMV is estimated using reconstructed muon tracks in the
RPC stack with sufficient hits and good fit quality. The performance of the CMV detector is tested
with and without a magnetic field using the muon reconstruction algorithm and extrapolating the
same to the veto detector.

The goal is to achieve a veto efficiency > 99.99% and a false-positive rate of less than 10−5. By
achieving this high level of veto efficiency, the neutrino experiment can be conducted at a much
shallower depth (just 100m) than what would normally be required (1.3km). The detailed perfor-
mance of the hardware components and expected performance of the CMVD around the miniICAL
will be discussed in this presentation.

A5 / 168

Demonstration of the 25 ps single-photon time resolution of an
RPC-based gaseous photodetector

Author: Ryogo OkuboNone

Co-author: Kodai Matsuoka 1

1 High Energy Accelerator Research Organization(KEK), The Graduate University for Advanced Studies (SOKENDAI),
Graduate School of Science, Nagoya University

Corresponding Author: rokubo@hepl.phys.nagoya-u.ac.jp

Photosensitive gaseous detectors with a simple photoelectron multiplication mechanism of a resis-
tive plate chamber are expected to have both a large photo coverage and an excellent time resolution
and to be low-cost. To demonstrate the time resolution, we built a prototype detector with a LaB6
photocathode. We successfully detected single-photon signals. We performed a waveform fitting to
precisely measure the timing of the signals, and measured the time resolution to be 25 ±0.2 ps at the
gain of 3.3× 106.
We also studied the photon feedback event that is additional avalanches caused by UV photons from
the primary avalanche. Because the photon feedback doubles or triples the output charge, it was
clearly seen in the charge distribution of the signals. We extracted the probability of the photon
feedback by fitting the charge distribution. Using this result, we determined the photon feedback
probability to be 0.3 under assumption of a Poisson model. Photon feedback probability can be larger
with a photocathode that has a better quantum efficiency, and it can be a major challenge in practical
application of the gaseous photodetectors.
In this presentation, we will discuss the details of the above measurements and prospects of the
future R&D of this photodetector.
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Cosmic Muon Momentum Spectra at Madurai
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The INO-ICAL collaboration has built a prototype detector called mini-ICAL at IICHEP, Madurai,
India, as part of their research and development efforts. This module serves to investigate detector
performance, and engineering challenges in constructing large-scale magnets and magnetic field
measurement systems, and to test ICAL electronics in the presence of a magnetic field. Additionally,
mini-ICAL is being used to measure charge-dependent cosmic muon flux at the earth’s surface and
also to study the feasibility of a cosmic muon veto for a shallow-depth neutrino experiment. Mini-
ICAL is a magnetised detector, composed of 11 layers of iron plates (measuring 4m×4m×0.056m
) with 45 mm gaps between each layer. Resistive plate chambers (2m×2m) with 30mm strip width
are placed between each iron layer to track cosmic ray muons. The iron is magnetised to a maximum
field of 1.5T by applying a current of 900A. A Kalman filter-based track fitting algorithm is used to
reconstruct muon tracks. The simulation includes CORSIKA event generator, Geant4 toolkits for the
detector geometry and muon interactions as well as detector noise and inefficiency, which eventually
used in the unfolding technique to obtain muon spectrum at the earth’s surface from the observed
distributions. This talk presents the results of the momentum spectrum of cosmic muons obtained
from mini-ICAL and compares them with the extensive air shower (EAS) simulation results in the
range of ∼1 to 3 GeV/c
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The Phase-II Upgrade of the ATLAS Hadronic Tile Calorimeter
for the High Luminosity LHC
Authors: Edward Nkadimeng1; Mukesh Kumar1

1 University of the Witwatersrand
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Abstract. The Tile Calorimeter (TileCal) is a sampling hadronic calorimeter covering the central
region of the ATLAS experiment, with steel as absorber and plastic scintillators as active medium.
The High-Luminosity phase of LHC, delivering five times the LHC nominal instantaneous luminosity,
is expected to begin in 2029. TileCal will require new electronics to meet the requirements of a 1 MHz
trigger, higher ambient radiation, and to ensure better performance under high pile-up conditions.
Both the on- and off-detector TileCal electronics will be replaced during the shutdown of 2026-2028.
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 modular front-end electronics feature
radiation- tolerant commercial off-the-shelf components and redundant design to minimize single
points of failure. The timing, control and communication interface with the off-detector electronics
is implemented with modern Field Programmable Gate Arrays (FPGAs) and high speed fibre optic
links running up to 9.6 Gb/s. The TileCal upgrade program has included extensive RD and test beam
studies. A Demonstrator module with reverse compatibility with the existing system was inserted
in ATLAS in August 2019 for testing in actual detector conditions. The ongoing developments for
on- and off-detector systems, together with expected performance characteristics and results of test-
beam campaigns with the electronics prototypes will be discussed.
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The use of Machine learning to improve quality control for the
ATLAS Phase-II Upgrade LVPS bricks at CERN
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Abstract. The Tile Calorimeter (TileCal), a sampling hadronic calorimeter covering the central re-
gion of the ATLAS experiment, will require new electronics to meet the requirements of the High-
Luminosity LHC (HL-LHC). This talk will demonstrate how deep neural networks can improve qual-
ity control of the new Low Voltage Power Supply (LVPS) boards in the contest of the ATLAS Phase-II
Upgrade program for HL-LHC. Deep Neural Networks (DNNs) as a machine learning algorithm is
used to analyze complex data from the LVPS Boards. The first initial testing done on the boards de-
termined their reliability and performance. A total of eleven tests with a binary metric of PASS/FAIL
make up the initial test station. The measurements are stored in a database and the multi-dimensional
data is explored and then analyzed by a DNN algorithm. The DNN model classifies the data and pro-
duces significant insights with predictions about the quality of the LVPS boards. These forecasts will
help the Quality Control of the upgraded TileCal LVPS. Pre-production and production of the LVPS
boards will commence this year generating more data than before.
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Long-term stability uncertainty of luminosity measurements of
the ATLAS detector in Run 3 during the 2022 data-taking period

Authors: Phuti Rapheeha1; Mukesh Kumar2
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Abstract. Precise measurements of luminosity play a crucial role in the ATLAS physics programme
at the LHC, in particular for cross section measurements, where it can be one of the largest system-
atic uncertainties. The Tile Calorimeter of the ATLAS experiment plays an important role in these
measurements due to its luminosity measurements being independent of pileup. The comparison of
LUCID luminosity measurements in different detector operating conditions to those obtained by the
Tile Calorimeter and the Inner detector is used to measure and study the dominant systematic un-
certainty associated with the LUCID luminosity measurements. There are several factors affecting
luminosity measurements, these include the aging of photomultiplier tubes and aging of scintillating
tiles. The long-term stability studies are performed to evaluate time-dependent factors that affect
the long-term stability of the uncertainties associated with the luminosity measurements.
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Extracting and Analyzing Data from Detector Control System to
investigate the behavior of High Voltage Power Supplies at the
ATLAS Experiment

Authors: Sanele GumedeNone; Mukesh Kumar1
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Abstract. The TileCal is the hadronic calorimeter found in the central region of the ATLAS. It is
a sampling calorimeter made of steel tiles as the absorber material and scintillating tiles as the ac-
tive medium. The light produced as the particle crosses the scintillator tiles is transmitted by the
wavelength-shifting fibres. The PMT converts the light into an analog signal and transfers it to the
next stage of the signal chain. The TileCal DCS’s main responsibility is to ensure the safe operation
of the detector. This project aims to develop a plugin that will extract and analyze offline data for
continuous analyses of the behavior of the PMT High Voltage (HV) supply in order to detect unstable
channels during data taking period. The data is provided by the dedicated Detector Control System
(DCS) Data Visualization tool (DDV) through convenient API and then visualized using an interac-
tive JavaScript plotting library. The plugin will be integrated into the Tile-in-One (TiO) platform
that combines all TileCal offline data quality tools.
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Long term aging studies of the new PMTs for the HL-LHC ATLAS
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Abstract. TileCal, the central hadronic calorimeter of the ATLAS experiment at the Large Hadron
Collider (LHC), is readout by about 10,000 photomultipliers (PMTs). Earlier studies of performance
showed a degradation in PMT response as a function of the integrated anode charge. At the end of
the High-Luminosity LHC (HL-LHC) program, the expected integrated charge for PMTs reading out
the most exposed cells is 600 C. A model of the evolution of the PMT response as a function of the
integrated charge, based on the measurement response during the Run 2, was built. The projected
loss at the end of the HL-LHC is 25% for 8% of the total TileCal PMTs. These PMTs will be replaced
with a newer version, in order to keep the global detector performance at an optimal level. A local
test setup is being used in the Pisa laboratory to study the long term response of the new PMT model
considered for replacement in the TileCal readout of most exposed calorimeter cells. Furthermore,
the performance of the new is compared to the old PMT model, the current version used to readout
TileCal cells. For the first time this new PMT model has been tested after integrating more than 800
C of anode charge. Preliminary results obtained from data collected in the Pisa laboratory over a
period exceeding one year are shown in this presentation. We started a study aimed to understand
the response degradation of the PMTs in order to disentangle the effect of loss of quantum efficiency
and change in gain.
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The CMS tracker performance in Run3
Author: Tomas Kello1

1 INFN Florence

Corresponding Author: tomas.kello@cern.ch

The inner tracker of CMS is the largest silicon tracker ever built with 1856 pixel and 15148 strip
detector modules that provide accurate track reconstruction. To achieve high precision in measure-
ments of the momenta of charged particles, corrections for the position, rotation and curvature of
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these modules must be found; such a procedure is known as tracker alignment. Magnet cycles,
temperature variations and ageing of modules cause significant time variations that affect the track
reconstruction and therefore necessitate continuous alignment throughout the operation of the LHC
machine. Special challenges must be addressed in the Run 3 data-taking period as the high instan-
taneous luminosity and the newly installed layer 1 of the barrel pixel lead to fast changes in the
irradiation of modules.

In this presentation, the performance of tracker alignment on Run 3 data will be presented, highlight-
ing new features developed for the Run 3 data taking period. The impact of the tracker alignment
on physics performance will also be reviewed.
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3DΠ: A Novel Total-Body PET Scanner Using Xenon-Doped Liq-
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The 3DΠ scanner is a Total-Body (TB), Time Of Flight (TOF), Positron Emission Tomography (PET)
imaging device that utilizes silicon photomultiplier-based technology and a Xenon-doped Liquid Ar-
gon (LAr) scintillator. The scanner has an axial field-of-view (AFOV) of 200 cm and consists of 9
double-sided concentric rings of SiPM panels. The addition of Xenon doping to the LAr scintilla-
tor suppresses the long-lifetime component of the scintillation light, allowing for higher data rates
and potentially higher patient doses, if needed for a specific application. This is due to the faster
de-excitation process in the LAr-Xenon mixture, which allows for direct energy transfer and emis-
sion of Xenon light, compared to traditional fluorescence processes involving wavelength shifters
(WLS). Moreover, studies have shown that lowering the operating temperature of SiPMs to match
the temperature of LAr significantly reduces the dark count rate within the SiPM.

The 3DΠ scanner project is a medical imaging application of the ongoing research and development
efforts of the DarkSide collaboration, which is focused on direct dark matter particle searches using
LAr targets. The 3DΠ monte carlo simulation package has been derived from the DarkSide simula-
tion package, which is based on the Geant4 toolkit. The main objective of our study was to evaluate
the performance of the 3DΠ scanner using established NEMA NU 2–2018 standards for spatial reso-
lution, sensitivity, image quality, count rate performance, and timing resolution.

The sensitivity of the 3DΠ scanner was measured to be 564.02 kcps/MBq at the center of the scan-
ner. The noise-equivalent count rates (NECRs) were found to be 1.5 Mcps at a concentration of 5.3
kBq/mL, and increased to 3 Mcps at a concentration of 21.2 kBq/mL. The TOF resolution was mea-
sured as 160 ps. These preliminary results indicate that the system performance of the 3DΠ scanner
is comparable to, if not better than, other commercial scanners.
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Position Measurement in single-gap RPCs using Timing-Difference
from Two Ends of Pickup Strips in Differential Configuration
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This work explores a technique for extracting the position of particle along the direction of a pickup
strip, in a large area single-gap Resistive Plate Chamber (RPC), by measuring the timing-difference
from the two ends of the strip. Using precise time-difference measurement, the position can be ob-
tained more precisely than the conventional x-y strip readout with the same number of electronics
channels. This technique was reported in the case of multigap RPCs (MRPCs) in 1 with timing differ-
ence resolution of 18 ps corresponding to position resolution of 1.7 mm, with sensitivity of 104ps/cm.
The sensitivity is defined as the ratio of the change in mean of timing-difference to the change in
position where the particle crosses the gas gap. Sensitivity is just twice the inverse of propagation
speed in the transmission line formed by the pickup strips. In 1, the readout strips on either side of
the MRPC are kept in parallel, and the signals from both ends of the strip are read differentially to
minimise noise. It is expected that this method would work on single-gap RPCs also as the signal
will be induced to both sides of a strip simultaneously. The intrinsic fluctuations of timing of the
device is common to both ends of the strip and gets cancelled out when the timing-difference is
taken (pulse height effect may bias the time measurements). However, MRPCs which are operated
at higher electric fields produce a sharper rising signal than the single-gap RPCs, so the position
resolution may not be as good for single-gap RPCs as in the case of MRPCs. A similar method has
been tested on single-gap RPCs in [2] achieving a position resolution of 10.69 mm (timing difference
resolution of 150 ps), but this was done using single-ended signals with pickup strips mounted only
on one side of the RPC. Single-ended readout will limit the timing-difference resolution as compared
to differential readout. A similar method has been tested in the development of the Improved RPCs
(iRPCs) in CMS [3] with a resolution of 16mm (160 ps timing-difference resolution), and in [4] with
a resolution of 5mm. This work will present the development of readout electronics for differential
readout of RPCs and the measurement of the timing-difference resolution and sensitivity of the RPC
using a cosmic muon telescope.

1 MRPC-PET: A new technique for high precision time and position measurements K.Doroud et al,
Nuclear Instruments and Methods in Physics Research A (2011) https://doi.org/10.1016/j.nima.2011.09.008

[2] Studies on fast triggering and high precision tracking with Resistive Plate Chambers G. Aielli et al,
Nuclear Instruments and Methods in Physics Research A (2013) https://doi.org/10.1016/j.nima.2013.02.044

[3] Improved-RPC for the CMS muon system upgrade for the HL-LHC
Priyanka Kumari et al. https://arxiv.org/abs/2005.11396

[4] Double-end Readout Method Applied in RPC
Q. Li et al 2021 JINST 16 P10036 https://iopscience.iop.org/article/10.1088/1748-0221/16/10/P10036
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The CUPID double beta decay experiment
Author: The CUPID CollaborationNone
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Neutrinoless double-beta decay (0νββ) is a key process to address some of the major outstanding
issues in particle physics, such as the lepton number conservation and the Majorana nature of the
neutrino. Several efforts have taken place in the last decades in order to reach higher and higher sen-
sitivity on its half-life. The next-generation of experiments aims at covering the Inverted-Ordering
region of the neutrino mass spectrum, with sensitivities on the half-lives greater than 1027 years.
Among the exploited techniques, low-temperature calorimetry has proved to be a very promising
one, and will keep its leading role in the future thanks to the CUPID experiment. CUPID (CUORE
Upgrade with Particle IDentification) will search for the neutrinoless double-beta decay of 100Mo
and will exploit the existing cryogenic infrastructure as well as the gained experience of CUORE,
at the Laboratori Nazionali del Gran Sasso in Italy. Thanks to ~1600 scintillating Li2MoO4 crystals,
enriched in 100Mo, coupled to ~1700 light detectors CUPID will have a simultaneous readout of heat
and light that will allow for particle identification, and thus a powerful alpha background rejection.
Numerous studies and R&D projects are currently ongoing in a coordinated effort aimed at finalizing
the design of the CUPID detector and at assessing its performance and physics reach.
In our talk, we will present the current status of CUPID and outline the forthcoming steps towards
the construction of the experiment.

G1 / 179

Laser-driven secondary photon emission of SiPMs

Authors: Priyanka Kachru1; Fabrice Retiere2; Kurtis Raymond2

1 UMass Amherst

2 TRIUMF, Canada

Corresponding Authors: kraymond@triumf.ca, pkachru@umass.edu, fretiere@triumf.ca

The recent R&D for underground low-energy particle physics experiments involve SiPMs exten-
sively as the prime photo-detectors due to their ability to enhance the sensitivity of rare particle
events. Along with their advantages of having low operating voltages, high PDE, and excellent
single-photon resolution, they cause secondary photon emissions which are responsible for at least
three processes: (i) internal cross-talk (ii) external cross-talk and (iii) optically-induced afterpuls-
ing. While the internal crosstalk and afterpulsing involves photon transport within the SiPM, the
external cross-talk photons escape from the surface of one SPAD and potentially: (i) reflect back
into the SiPM at the surface coating interface and trigger avalanches in neighbouring SPADs, (ii)
transmit through the SiPM surface coating. External crosstalk can be a significant background in
future multi-ton detectors such as DarkSide-20k and nEXO that will cover large surface areas with
SiPMs which can trigger each other in the vicinity. This may reduce the accuracy of photo-electron
resolution for high photo-electron events, leading to a degradation in the position and energy re-
construction. To quantify the systematic effects which deteriorate the overall performance of such
detectors, a study on SiPM secondary photon emission was conducted. It determined the absolute
secondary photon yield equal to the number of photons emitted per charge carrier (γ/e−) using a
spectroscopy setup at TRIUMF, Canada. The setup comprises an Olympus IX83 microscope with
light filters and a Princeton Instruments spectrometer. The SiPM is triggered by 405 nm laser that
stimulates the emission of secondary photons from the SiPM. These photons pass through the long
pass filter of the microscope to finally be detected by the spectrometer. We have characterised FBK
VUV-HD3, HPK-VUV4, and the FBK NUV-HD Cryo SiPMs at 163 K and 87 K (for FBK NUV-HD
Cryo) to mimic the SiPM performance at liquid Xenon and liquid Argon temperatures. In this talk, I
will summarise the data analysis used to quantify the secondary photon yield at these temperatures.
I will also present a model of the SPADs which allows us to estimate the photon yield for an impact
on the sensitivity of large-area detectors.

G3 / 180

Page 85



Technology & Instrumentation in Particle Physics (TIPP2023) / Book of Abstracts

South African contribution status of the Tile Calorimeter Phase-
II upgrade off-detector electronics

Author: Mpho GololoNone

Co-authors: Bruce Mellado 1; Claudia Tsima 2

1 University of the Witwatersrand and iThemba LABS
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Corresponding Authors: mgd.gololo@gmail.com, bruce.mellado.garcia@cern.ch

Four important experiments for the High Luminosity Large Hadron Collider (HL-LHC) are currently
being upgraded to accommodate an increase in luminosity. These four key experiments include
ATLAS (A Toroidal LHC ApparatuS), which has been improved to study a broad range of physics. The
central hadronic calorimeter is the Tile Calorimeter (TileCal), which is part of the ATLAS detector.
The readout electronics system of the ATLAS TileCal must be completely redesigned to accommodate
the increased radiation levels and data bandwidth for the HL-LHC. South Africa is contributing 24
% to the Tile Phase-II upgrade off-detector electronics. The contribution involves the firmware and
software design; and production of Tile GbE Switch and TileCoM. This paper presents the status of
the South African contribution towards the TileCal Phase-II upgrade off-detector electronics.
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Waveform calibration of the SND electromagnetic calorimeter

Author: Ilya SurinNone

Corresponding Author: i.k.surin@inp.nsk.su

The Spherical Neutral Detector (SND) is intended for the study electron-positron annihilation pro-
cesses operating at VEPP-2000 e+e- collider, which is located at Novosibirsk, Russia. The main part
of the SND detector is a three-layer electromagnetic calorimeter (EMC).
The EMC is equipped with spectrometric channel, which provides measurement of the calorimeter
signal arrival time and amplitude with 1 ns and 250 keV resolutions, respectively. It’s necessary for
providing reliable detection of low-speed anti-neutrons, which are produced in e+e− → nn reaction
near threshold.
The algorithm of determination of signal parameters (time, amplitude) is based on invariability of
the signal waveform. The waveform calibration procedure using generator signals and Bhabha scat-
tering events is presented here.

G4 / 182

Latest results from the CUORE experiment
Author: Speaker to be assigned CUORE collaborationNone

Corresponding Author: dounia.helis@gssi.it

The Cryogenic Underground Observatory for Rare Events (CUORE)
is the first bolometric experiment searching for 0νββ decay
that has successfully reached the one-tonne mass scale.
The detector, located at the LNGS in Italy, consists of an array of 988 TeO2 crystals arranged in a
compact cylindrical structure of 19 towers.
CUORE began its first physics data run in 2017 at a base temperature of about 10 mK and has been
collecting data continuosly since 2019, reaching a TeO2 exposure of 2 tonne-year in spring 2023.
This is the largest amount of data ever acquired with a solid state cryogenic detector, which allows
for further improvement in the CUORE sensitivity to 0νββ decay in 130Te.
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In this talk, we will present the new CUORE data release, based on the full available statistics and
on new, significant enhancements of the data processing chain and high-level analysis.
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X-ARAPUCA as photon detection system of SBND
Author: Ana Amelia Machado1

1 UNICAMP

Corresponding Author: aameliabm@gmail.com

The SBND (Short Baseline Near Detector) is the near detector of the short baseline neutrino program
(SBN) at Fermilab. SBND, is located at 110m from the neutrino beam and will collect an impressive
statistic of neutrino-argon interactions. SBND will also serve as test bed for new technologies for
LAr-TPCs. In particular SBND implements different and complementary solutions for the detection
of LAr scintillation light. LAr light is emitted in a narrow 10 nm band centered around 127 nm,
in the Vacuum Ultra-Violet and the shape of the signal is the sum of two exponential decays with
very different characteristic times (6 ns and 1,500 ns). Scintillation light can be used to perform
calorimetric measurements of the deposited energy, T0 determination of the neutrino interaction
and particle discrimination through pulse shape studies.
The Photon Detection System is a combination of traditional, large area (8”) photomultipliers and
X-ARAPUCAs, a novel detector which is the baseline choice of the Deep Underground Neutrino
Experiment.
The PDS will collect not only the direct VUV LAr light, but also the visible one, shifted by the layer
of Tetra-Phenyl Butadiene (TPB – emission wavelength around 430nm) deposited on reflective foils
installed on the cathode of the TPC. This will allow to test a new version of X-ARAPUCA which
is sensitive to visible light, and SBND is the only experiment which will operate this version of
X-ARAPUCA.

D2 / 184

Innovative media for the purification of liquid argon from nitro-
gen contaminations
Authors: Ettore Segreto1; Ana Amelia Machado2; Pascoal Pagliuso1

1 Universidade Estadual de Campinas
2 UNICAMP

Corresponding Authors: segreto@ifi.unicamp.br, aameliabm@gmail.com

Liquid argon (Large) is used as active media in several neutrino and dark matter experiments (DUNE,
SBND, Microboone, Icarus, DarkSide, DEAP, …). Ionization particles in liquid argon produce free
charges and scintillation photons. Both signals are used to perform calorimetric measurements, par-
ticle identification and three dimensional reconstruction. LAr scintillation light can be quenched
and absorbed by the presence of nitrogen contaminations. In neutrino detectors electronegative
contaminants, like oxygen and water, are continuously filtered, while nitrogen is not. This can lead
to a reduction of the scintillation signal in case of air leaks in the detector. Dark matter experiments
typically filter nitrogen in gas phase at room temperature.
A new innovative media for the purification of argon from nitrogen in liquid phase will be pre-
sented.
The innovative molecular sieve is the zeolites Li-FAU. Purification tests have been performed us-
ing the Liquid Argon (LAr) Purification Cryostat (PuLArC) at IFGW/Unicamp. Previous studies
performed with nitrogen gas at T=89 K, revealed a strong interaction of nitrogen with the lithium
cations present in the zeolite LiX. The tests performed in PuLArC have unequivocally shown that
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the Li-FAU adsorbent is capable of capturing N2 recirculating argon in liquid phase. The Li-FAU was
able to reduce a N2 contamination of 20-50 ppm (part per million) to 0.1-1.0 ppm in 1-2 hours of circu-
lation time. The test was repeated several times. These results invoke further investigations in larger
scale LAr cryostats at Fermilab and CERN in order to support the possible use of Li-FAU molecular
sieve, in replacement of Molecular Sieve 4A, in LBNF-DUNE and other LAr experiments.
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SND@LHC: a detector for neutrino physics at the LHC
Authors: elena graveriniNone; Anna Mascellani1

1 EPFL

Corresponding Authors: anna.mascellani@epfl.ch, elena.graverini@cern.ch

SND@LHC is a compact and stand-alone experiment that performed the first collider neutrino ob-
servation at the LHC.
The detector, located 480 m from the ATLAS interaction point, is composed of a target region, fol-
lowed downstream by a hadronic calorimeter and a muon identification system.
The target region is instrumented with five walls of emulsion cloud chambers, each followed by a
scintillating fiber (SciFi) tracker plane, whose function is to assign a timestamp to the reconstructed
neutrino events and measure the energy of electromagnetic showers.
Both the scintillating fiber layers and the multichannel SiPM arrays of the SciFi modules were origi-
nally developed for the LHCb SciFi tracker and are here also exploited to perform timing and calori-
metric measurements for the first time.
The read-out electronics, based on the TOFPET2 ASIC, has been therefore optimised to meet the
stringent time resolution requirements and to allow the measurement of signal amplitudes from the
photo-detectors.
After an overview of the SND@LHC detector, the talk will focus on the SciFi tracker, the read-out
electronics, and the characterisation of their performance, particularly in terms of time resolution
and energy measurement.
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A new photodetection device that uses Silicon Photomultipliers and a Cherenkov photon trap sys-
tem will be presented, which was named C-Arapuca. We describe the construction of a tank con-
taining 550 liters of ultra-pure water, where C-Arapuca and a photomultiplier tube were installed.
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Cherenkov photons produced by cosmic ray muons are trapped through the use of a dichroic filter
on the optical window and an internal plate that performs wavelength shifting and guides photons to
Silicon Photomultipliers. We present a comparison of the performance of C-Arapuca with the photo-
multiplier tube in detecting cosmic ray muons. Our results suggest that C-Arapuca could be a viable
option for future Water-Cherenkov Detector designs and upgrades, providing a reliable solution for
particle detection in high-energy physics and astrophysics experiments.

D2 / 187

Detector physics and event reconstruction at the MicroBooNE ex-
periment.
Author: Elena Gramellini1

1 University of Manchester

Corresponding Author: elena.gramellini@manchester.ac.uk

The MicroBooNE experiment is a Liquid Argon Time Projection Chamber (LArTPC) placed on-axis
to the Booster Neutrino Beam (BNB) at Fermilab. MicroBooNE ran its physics and R&D runs from
2015 through 2021. Its primary physics goal is to contribute to addressing the elusive short-baseline
MiniBooNE low energy excess. MicroBooNE records and utilizes both the ionization charge and
scintillation light produced inside the TPC to select and reconstruct its events. To properly address
the physics goals, it is crucial to properly understand how the detector evolves over time and perform
continuous calibrations. This means performing state of the art measurement of detector physics
quantities such as electron lifetime, diffusion, as monitoring and calibrating the light yield. This talk
will go over what MicroBooNE has learned and measured throughout its nearly continuous 7 years
of running regarding detector physics measurements. Analysis of MicroBooNE performance over
time will be beneficial to the next many years long running Short-Baseline Neutrino (SBN) and DUNE
programs to properly understand the important detector physics measurements in LArTPCs. Finally,
we will present recent developments in LArTPC analysis that demonstrate O(ns) neutrino interaction
timing and MeV-scale physics reach employing both charge and scintillation signatures.
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Performance of a prototype gaseous TPC with optical readout for
rare events studies
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A gaseous Time Projection Chamber (TPC) with optical readout is proposed in the CYGNO project
as an innovative technique to study rare events such as DM particle or solar neutrino interactions.
3D particle tracks can be reconstructed in the TPC volume, filled with He:CF4 at atmospheric pres-
sure. The amplification stage exploits a stack of three Gas Electron Multipliers (GEM) stack where
the ionisation charge is multiplied; photons are produced in the multiplication process which are in
turn read out by sCMOS sensors and PMTs. The sCMOS camera guarantees a high readout gran-
ularity, a high sensitivity, and a low noise level. PMTs are used as well to measure the drift time
of ionisation electrons to obtain the coordinate perpendicular to the camera plane. This technique
allows the measurement of the particle energy with a O(KeV) threshold and, also, to have a sensibil-
ity to the direction of the events. This last characteristic is very relevant, especially for background
discrimination.
A 50 L prototype (LIME) is the last and largest prototype built. It was operated at the Frascati Na-
tional Laboratories (LNF) and was then moved underground at the Gran Sasso National Laboratories
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(LNGS) where it is still under test exploiting different shielding configuration to carefully measure
internal and external backgrounds and to test reconstruction capability in realistic conditions.
Results on the measured performance of LIME overground using several radioactive sources will
be presented, as well as the studies on the long-term stability and performances of the prototype
both over and underground. The comparison of a Monte Carlo simulation of the detector response
with measured data will be shown. Moreover, current R&D activities with the aim of optimizing the
design of the O(1) m3 demonstrator to be hosted in Hall F of LNGS will be discussed.
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SpecMAT, the active target for nuclear transfer reactions studies
at ISOLDE, CERN
Author: Oleksii Poleshchuk1
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SpecMAT is an active target developed for studying the shell evolution in exotic isotopes and observ-
ing the fundamental aspects of the nuclear structure far from stability via transfer reactions carried
in inverse kinematics. The active target, which is a novel modification of a time projection chamber,
can acquire three-dimensional tracks of light reaction products and work in coincidence with the
scintillation array sensitive to gamma-rays emitted by the heavy reaction products. The SpecMAT
is currently at its final developmental stage undergoing characterisation measurements at ISOLDE,
CERN. During the most recent characterisation, SpecMAT was installed in the ISOLDE Solenoidal
Spectrometer, which generated a magnetic field of 2.5 T. This characterisation was performed offline
using a standard alpha source. In this measurement spiral tracks of alpha particles were successfully
observed in the time projection chamber of the detector. Gamma rays emitted in the decay chain
of 241Am were detected in coincidence with the particle tracks by the scintillation array. With this
characterisation, we demonstrated that all detector components could operate in the strong mag-
netic field and are ready for future online experiments.
In this talk, recent Geant4 simulations of transfer reactions that can be studied with SpecMAT also
will be presented. Using the newly developed simulation toolkit, SpecMATscint, we demonstrated
the feasibility of studying the shell evolution in the chain of neutron-rich copper isotopes via a
(d,3He) transfer reaction.

A3 / 190

Trigger and data acquisition systems for SABRE South
Author: Peter McNamaraNone
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The SABRE (Sodium-iodide with Active Background REjection) South experiment, located at the
Stawell Underground Physics Laboratory (SUPL) in Australia, aims to measure an annual modula-
tion in dark-matter interactions using ultra-high-purity NaI(Tl) crystals. In partnership with the
SABRE North effort at the Gran Sasso National Laboratory (LNGS), SABRE South is designed to
disentangle any seasonal or site-related effects from the dark matter-like modulated signal observed
by DAMA/LIBRA in the Northern Hemisphere.
SABRE South is instrumented with 7 ultra-high-purity NaI(Tl) crystals surrounded by a liquid scin-
tillator veto, and covered by 8 plastic scintillator muon detectors. Each NaI(Tl) crystal and muon
detector is coupled to 2 photomultiplier tubes (PMTs) and a further 18 PMTs are used to detect inter-
actions in the liquid scintillator giving a combined total of 48 channels. The data acquisition system
for SABRE South utilises a number of CAEN digitisers to acquire waveform data for each of these
PMTs. The trigger system is built upon a CAEN logic unit using custom FPGA logic which is exten-
sively simulated and also tested in hardware to ensure long term reliability.
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This talk will cover the design and status of the SABRE South trigger and data acquisition sys-
tems.
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Crystal detector backgrounds of the SABRE South experiment
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Corresponding Author: peter.mcnamara@anu.edu.au

The SABRE (Sodium iodide with Active Background REjection) experiment aims to detect an annual
rate modulation from dark matter interactions in ultra-high purity NaI(Tl) crystals in order to pro-
vide a model independent test of the signal observed by DAMA/LIBRA. It is made up of two separate
detectors; SABRE South located at the Stawell Underground Physics Laboratory (SUPL), in regional
Victoria, Australia, and SABRE North at the Laboratori Nazionali del Gran Sasso (LNGS). SABRE
South is designed to disentangle seasonal or site-related effects from the dark matter-like modulated
signal.
The experiment can host seven NaI(Tl) crystals, each instrumented with two R11065 PhotoMultiplier
Tubes (PMTs) which are encapsulated in cylindrical copper enclosures flushed with nitrogen. These
are surrounded by an active scintillator medium which provides both passive and active shielding,
additionally outside this is further passive shielding to block external radiation.
To achieve the highest sensitivity possible, SABRE is working to produce NaI(Tl) crystals with ex-
tremely low background in the (1-6) keVee energy region. In this low energy region radioactive
contaminants dominate the signals produced in the crystals but also noise introduced by the photo-
multipliers and readout system can become dominant at lower energies. Significant work has been
undertaken to understand and mitigate the background processes that take into account radiation
from detector materials, from both intrinsic and cosmogenic activated processes, and to understand
the performance of the crystal system.
This talk will report on the results on the characterisation of and dedicated studies on understanding
and reducing noise associated with the SABRE South crystal PMTs and their electronics. The results
of a detailed simulation of the expected background due to radioactive contamination of the detector
will also be shown.
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Electron transport measurements in liquid xenon with Xenoscope,
a large-scale DARWIN demonstrator
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1 KIT
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There is a compelling physics case for a large, xenon-based underground detector devoted to dark
matter and other rare-event searches. A two-phase time projection chamber as inner detector al-
lows for a good energy resolution, a three-dimensional position determination of the interaction
site and particle discrimination. To study challenges related to the construction and operation of a
multi-tonne scale detector, we have designed and constructed a vertical, full-scale demonstrator for
the DARWIN experiment at the University of Zurich. Here we present first results from a several-
months run with 343 kg of xenon and electron drift lifetime and transport measurements with a 53
cm tall purity monitor immersed in the cryogenic liquid. After 88 days of continuous purification,
the electron lifetime reached a value of 664(23) microseconds. We measured the drift velocity of
electrons for electric fields in the range (25–75) V/cm, and found values consistent with previous
measurements. We also calculated the longitudinal diffusion constant of the electron cloud in the
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same field range, and compared with previous data, as well as with predictions from an empirical
model.
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In this contribution, we present a development of resistive Micromegas (MM) technology to reach
stable and efficient operation up to particle fluxes of 10 MHz/cm2. This can be achieved with a pix-
elized detector using readout pads of a few mm2 area, significantly reducing the occupancy of the
readout elements. In the most recent prototypes (exploiting double DLC layer), the resistive layer
is continuous and uniform and the charge is evacuated through many dot-connections, several mm
apart. An overview of the measured performance in terms of gain, rate capability and recent results
on time, efficiency, and spatial resolution from test-beam campaigns is reported for the latest small
area prototypes. Different gas-mixtures have been tested and compared, as well.
Moving towards a larger scale, a new detector with an active area of 400 cm2 has been built, imple-
menting a double layer of DLC foils with a surface resistivity around 30 MOhm/square. Results will
be reported following laboratory and test beam measurements.

A5 / 196

A square PMT module with 256 channels of <100 ps timing accu-
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Author: James Milnes1
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Photek have developed a square microchannel plate (MCP) PMT using 6 µm pore MCPs to achieve
superior timing, compared to the previous generation which used 15 µm pores. The native anode
pattern is 64x64, but for this module the pattern is ganged to a 16x16 design using an epoxy bonded
PCB giving an anode size of 3.3×3.3 mm2 in a 53×53 mm2 active area. The electronic front-end is
the TOFPET2d ASIC from Petsys Electronics, a combined amplifier / discriminator / TDC with 30 ps
time bins and capable of 480 kHz per channel count rate, with sufficient dynamic range to allow for
the gain variation inherent in large area MCP-PMTs. Communications is through gigabit ethernet.
The outer envelope of the combined PMT and electronic front-end package allows for close packing
on 4 sides with outer dimensions of 60×62 mm giving a 76% fill factor. We present results showing
the uniformity of detection efficiency, single photon timing accuracy and count rate capability. We
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will show simulations of the recoil electrons seen in the timing data, and cross-talk data from a new
32x32 readout format.
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By Nicholas Perikli
School of Physics and Institute for Collider Particle Physics, University of the Witwatersrand, Johannes-
burg, South Africa

Abstract.
Particle physics data consists of patterns in measurements that can be separated into hot topics and
more mundane data. This approach is analogous to looking for keywords or topics in huge text data
by separating more specific words and phrases from the generalities of text through the application of
NLP. This will be done using DCS alarm data. The NLP models that were constructed or fine-tuned for
text classification included SVM, BERT- base-cased, RoBERTa-base, as well as stacked LSTM and bi-
LSTM. This was done on Google Colab using Pytorch and Python libraries, and the hyperparameters
were optimised using the WandB platform, in which an extensive Baye’s optimisation search was
performed. The idea is to use the best-performing models i.e., BERT or RoBERTa and train them
by fine-tuning their hyperparameters in order to classify the alarms, as well as predict future alarm
signals, and then follow the same procedure for an LSTM model and compare the results. The inputs
would contain information about the date and time the alarm was received, the physical variable
involved, the type of error as well as the particular system, component or sub- component affected.
Since this data provides information about the detector components as well as the abnormal values of
the physical variables of their constituent parts during a hardware malfunction, as well as the length
of time that is taken until the issue is resolved, this data can be used as a correlator for the status
of other sub-detector components during a hardware malfunction of another component. Moreover,
the predictive power of this algorithm could avoid fatal errors in the functioning of the hardware
and electronic systems especially during testing periods and upgrades and allow for faster and more
effective management and advancement of the hardware and electronic systems towards greater
technological capabilities.

D5 / 199

The X-rays detector system of the FAMU Experiment for the mea-
surement of the muon transfer rate to carbon
Author: Simone MonzaniNone

Corresponding Author: simone.monzani@uniud.it

The study of the properties of the proton is based on spectroscopy measurements. The FAMU ex-
periment aims to meaure the Zemach radius of the proton through exotic atoms. In particular the
hyperfine splitting (HFS) of the energy ground levels of the muonic hydrogen (µp) is directly related
to the Zemach radius. In presence of a gas mixture, muons are transferred from µp to heavier gas
with energy-dependent rate resulting also in a higher rate of X-rays. An efficient and fast detector
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system is required for such a precise measurement. The experiment is based on LaBr3(Ce) fast tim-
ing X-rays detectors read by PMTs.
Performances of the detector system had been analyzed in order to obtain the measurement of the
muon transfer rate to carbon and they are presented here.

F2 / 200

Challenges and concepts for a multi-TeV Muon Collider experi-
ment
Authors: Nadia PastroneNone; on behalf of the Muon Collider Physics and Detector WGNone

Corresponding Author: nadia.pastrone@to.infn.it

Muon colliders provide a unique route to deliver high energy collisions that enable discovery searches
and precision measurements to extend our understanding of the fundamental laws of physics. All
this at a single circular collider and on a feasible timescale, as reviewed in the frame of the European
Roadmap for Accelerator R&D and during the U.S. Snowmass process. The recently formed Interna-
tional Muon Collider Collaboration,
hosted at CERN, targets the design of a muon collider facility with a center of mass energy of 10 TeV
or higher, which seem feasible and
sustainable with technologies that can be made available in the near future. Currently a 3 TeV stage
is considered viable as a post HL-LHC facility.
The main challenges are to produce bright muon beams, while facing the drawback arising from the
short muon lifetime at rest. The detector design,
the choice of the technologies, and reconstruction algorithms are heavily influenced by the beam-
induced background (BIB). A dedicated design
of the machine detector interface is required to mitigate an unprecedented amount of secondary and
tertiary decay products of muons beams at the interaction point. From an initial detector concept
and full simulation studies of data reconstruction performance and physics projections
at 1.5 and 3 TeV, we outline next steps in the development of a multi-purpose detector for a muon
collider with center-of-mass energies up to 10 TeV.
The status of the experiment design, future plans for R&D and synergies will be discussed.

C3 / 201

HKROC: a modern integrated front-end ASIC to readout photo-
multiplier tubes for Cherenkov-based experiments
Author: Benjamin Quilain1

1 CNRS IN2P3, Ecole Polytechnique, Laboratoire Leprince-Ringuet

Corresponding Author: benjamin.quilain@llr.in2p3.fr

The HKROC ASIC was originally designed to readout the photomultiplier tubes for the Hyper-
Kamiokande experiment. HKROC is an auto-triggered very versatile and innovative ASIC capable
of readout a large number of channels while meeting very stringent requirements in terms of noise,
time & charge resolution while sustaining very high hit-rate and low-power consumption.
Each HKROC channel features a low-noise preamplifier and shapers, a 10-bit successive approxi-
mation Analog-to-Digital Converter (SAR-ADC) for the charge measurement (up to 2500 pC) and
a Time-to-Digital Converter (TDC) for the Time-of-Arrival (ToA) measurement with 25 ps binning.
The key feature of HKROC is its “waveform digitization” capability: it dynamically opens acquisition
windows for internal digitization. It enables new possibilities in terms of pulse-shape analysis and
double pulse triggering with a low dead time (down to 10 ns), while preserving a very low power con-
sumption compared to standard flash-ADC. Moreover, HKROC is equiped with an adaptive readout
which allows to cope with very high rate events such as close supernovae (Betelgeuse…) for neutrino
based experiment.
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The presentation will describe the ASIC architecture and the experimental results of the second
HKROC prototype received in December 2022.

H3 / 203

The Use of a Burn-In Station for stress-testing and reliability stud-
ies in particle physics instrumentation
Author: Tristan Jade Wilkinson1

1 University of the Witwatersrand

Corresponding Author: tristanjadewilkinson@gmail.com

Abstract. Electronics, in general, experience a high mortality rate in the first few months of their
use - this is especially true for particle physics instrumentation, where electronic components are
subjected to high temperatures, constant loads, and radiation. This environment necessitates the
development of a process to test the performance and reliability of the electronics to mitigate the
risk of early-life failures. A burn-in station is a sophisticated testing station which emulates the
high-stress environment the electronics would experience, in order to artificially age them; data can
be collected on the input and output currents and voltages and temperatures, which can be graphed
to find behaviour trends. The test station, and the data collected from running it, can then be used for
reliability studies on the instrumentation and to create a predictive model as a preemptive warning
system to alert technicians in advance if a component is likely to fail.

C1 / 204

ATLAS New Small Wheel Performance Studies with First Data of
LHC Run3
Author: Paolo Iengo1

1 CERN

Corresponding Author: paolo.iengo@cern.ch

After successfully completing Phase I upgrades during LHC Long Shutdown 2, the ATLAS detector
is back in operation with several upgrades implemented. The most important and challenging up-
grade is in the Muon Spectrometer, where the two inner forward muon stations have been replaced
with the New Small Wheels (NSW) system featuring two entirely new detector technologies: small
strip Thin Gap Chambers (sTGC) and the resistive Micromegas (MM).
After massive construction, testing and installation work in ATLAS, the two NSW endcaps are now
fully operational in the experiment participating in the muon spectrometer tracking system and
muon trigger system. At the same time completing the phase of commissioning of this completely
new system. A huge effort has gone into the operation of the new data acquisition system, as well
as the implementation of a new processing chain within the muon software framework.
The new detectors are fully integrated into the software. Tracking is performed with full considera-
tion of the absolute alignment of each individual detector module by the ATLAS Muon Spectrometer
optical alignment system. All the deviations from the nominal geometry of all the constituent ele-
ments of each sTGC and MM module are accounted for through the modeling of the real chamber
geometry reconstructed from the information of the construction databases.
After an overview of the software implementation and the strategies adopted for the simulations and
reconstruction, the studies on the performance of the NSW system from the 2022 and from the first
months of 2023 RUN3 data taking will be reported.
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A3 / 205

The trigger and calo DAQ of the HEPD-02 on CSES-02 satellite

Author: Valentina Scotti1

1 Università degli Studi di Napoli Federico II & INFN Napoli

Corresponding Author: scottiv@na.infn.it

The High Energy Particle Detector (HEPD-02) onboard the second China Seismo-Electromagnetic
Satellite (CSES)-02 is designed to measure cosmic rays, i.e., electrons and protons, along with light
nuclei, in the energy range between a few MeV and a few hundreds of MeV. This high-precision
instrument is composed by different subdetectors: a tracking system, a trigger system, a calorimeter
made by a tower of plastic scintillators and an array of LYSO crystals, and a veto system.
The data acquisition of trigger, calo, and veto is performed by a single electronic board which relies
on two Weeroc Citiroc ASICs. This board issues and manages the trigger signals for the whole ap-
paratus and optimizes the acquisition of signals with different timing characteristics, such as those
coming from plastic scintillators and LYSO.
Since particle fluxes span several orders of magnitude along the orbit of CSES-02, the trigger genera-
tion system must be extremely adaptable, and the data acquisition must guarantee the measurement
of energy spectra with a high duty cycle.
The HEPD-02 trigger system features concurrent trigger configurations and prescaling capability to
adjust the data acquisition scheme depending on the orbital zone and on the presence of impulsive
events. Each trigger pattern is optimized to meet scientific requirements about the field of view and
the nature of particles impinging in the detector, with prescaling settings suitably adjusted.
While still monitoring particle bursts, trigger configurations dedicated to gamma rays will be tracked
on a time basis of 5 milliseconds, to measure photon fluxes in the MeV-tens of MeV energy range
and provide sensitivity for rare events, such as Gamma Ray Bursts (GRB).
This contribution describes the design criteria and the architectural choices for the use in space. The
performance of the trigger system, including results from laboratory and beam tests performed on
the flight model of the HEPD-02, is also presented.

C4 / 206

An innovative particle detector onboard the CSES-02 satellite
Author: Cinzia De Donato1

1 Istituto Nazionale di Fisica Nucleare sezione ”Roma Tor Vergata”

Corresponding Author: cinzia.dedonato@roma2.infn.it

The China Seismo-Electromagnetic Satellite (CSES) mission develops through a constellation of satel-
lites, devoted to the study of the near-Earth environment, including electromagnetic fields, iono-
spheric plasma and particle populations. Each satellite - flying on a quasi-polar Sun-synchronous
low-Earth orbit - is a multi-channel space observatory and hosts several instruments onboard.

One of its scientific instruments is the High Energy Particle Detector (HEPD), a sophisticated appa-
ratus designed to identify and measure energy and arrival direction of cosmic particles in the MeV
energy window, thus being a perfect detector for Space Weather purposes. This high-precision in-
strument is composed by several subdetectors: a tracker, a trigger system, a calorimeter made by a
tower of plastic scintillators and an array of LYSO crystals and a veto system.
The first High Energy Particle Detector (HEPD-01) has been working since 2018 onboard the CSES-01
satellite.

HEPD-02 – subject of this contribution - presents important improvements with respect to its pre-
decessor: it is the first instrument carrying a CMOS pixel tracker in space, designed to reach a 5
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micron resolution; the LYSO crystals are the largest ever used in space; the new trigger system, pro-
viding trigger pre-scaling and concurrent trigger configurations, allows to adapt the data acquisition
scheme depending on the orbital zone and on the presence of impulsive events. HEPD-02 will be
hosted on the second satellite of the CSES mission, scheduled to fly at the beginning of 2024.

In this contribution I will focus on the design choices and the new technologies used for HEPD-02,
and mention the test campaign for the instrument space qualification and calibration.

B4 / 207

The Power System of GEM-Muon Sub-Detector for CMS Phase-II
upgrade
Author: Shimaa AbuZeid1

1 Ain Shams University (Egypt) and INFN (Italy)

Corresponding Author: shimaa.abuzeid@women.asu.edu.eg

In preparation for the High Luminosity LHC phase, the Compact Muon Solenoid (CMS) experiment
is working on its (Phase-2) upgrade. The Gas Electron Multiplier (GEM) detectors are one of the
technologies involved in this upgrade. The GEM systems consist of 3 stations. GE1/1 was installed
and is taking data since the beginning of Run3; GE2/1 and ME0 will be installed during the next Year
End Technical Stop (YETS) and the Long Shutdown 3 (LS3). The GEM stations utilize different mod-
ules manufactured by CAEN for the High-Voltage (HV) and Low Voltage (LV) power systems (PS).
The HV-PS is used to generate the electric field needed for the multiplication of electrons inside of
the GEM foils while the LV-PS is crucial for the GEM ON/OFF detector electronics. Some hardware
modifications are applied to CAEN HV-boards to meet the HV-PS requirements for ME0. We bene-
fit from different features of CAEN modules to build a LV power system for the 3 stations of GEM
detectors that minimizes the space needed in both the service and the experimental caverns of CMS,
the power consumption, and the financial budget. All these modules have to be tested and validated
before installation in the CMS caverns. In this talk the configuration, the design and mapping of HV
and LV power systems for the GEM Phase-II upgrade will be presented.

D4 / 208

Implementation of large imaging calorimeters
Author: Roman Poeschl1

1 IJCLab, France

Corresponding Author: roman.poeschl@ijclab.in2p3.fr

The next generation of collider detectors will make full use of Particle
Flow algorithms, requiring high precision tracking and full imaging
calorimeters. The latter, thanks to granularity improvements by 2 to 3
orders of magnitude compared to existing devices, have been developed
during the past 15 years by the CALICE collaboration and are now
reaching maturity. The state-of-the-art and the remaining challenges
will be presented for all investigated readout types: silicon diode and
scintillator for a electromagnetic calorimeter, gaseous with
semi-digital readout as well as scintillator with SiPM readout for a
hadronic one. We will describe the commissioning, including beam test
results, of large scale technological prototypes and the raw
performances such as energy resolution, linearity and studies exploiting
the distinct features of granular calorimeters regarding pattern
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recognition. Note that, at the time of conference new results obtained
in recent (2021/22) beam tests with a technological prototype of a
highly granular silicon tungsten electromagnetic calorimeter standalone
and combined with the CALICE analogue hadron calorimeter (SiPM on Tile)
will be available. The setup did comprise around 37500 (15500+22000)
readout cells. Beyond the mentioned prototypes, the design of
experiments addressing the requirements and potential of imaging
calorimetry will be discussed. In addition, less established but
promising techniques for dedicated devices inverse APD or segmented
crystal calorimeters will also be highlighted. In the last year also
first results with high resolution timing devices have been obtained.
The integration of these devices in the CALICE prototypes is one of the
major goals in the coming years.

B5 / 209

Exploring the structure of hadronic showers and the hadronic en-
ergy reconstruction with highly granular calorimeters
Author: Roman Poeschl1

1 IJCLab, France

Corresponding Author: roman.poeschl@ijclab.in2p3.fr

Prototypes of electromagnetic and hadronic imaging calorimeters
developed and operated by the CALICE collaboration provide an
unprecedented wealth of highly granular data of hadronic showers for a
variety of active sensor elements and different absorber materials. In
this presentation, we discuss detailed measurements of the spatial and
the time structure of hadronic showers to characterise the different
stages of hadronic cascades in the calorimeters, which are then
confronted with GEANT4-based simulations using different hadronic
physics models. These studies also extend to the two different absorber
materials, steel and tungsten, used in the prototypes. The high
granularity of the detectors is exploited in the reconstruction of
hadronic energy, both in individual detectors and combined
electromagnetic and hadronic systems, making use of software
compensation and semi-digital energy reconstruction. The results include
new simulation studies that predict the reliable operation of granular
calorimeters. Further we show how granularity and the application of
multivariate analysis algorithms enable the separation of close-by
particles. We will report on the performance of these reconstruction
techniques for different electromagnetic and hadronic calorimeters, with
silicon, scintillator and gaseous active elements. Granular calorimeters
are also an ideal testing ground for the application of machine learning
techniques. We will outline how these techniques are applied to CALICE
data and in the CALICE simulation framework.

H5 / 210

IISMA developments towards modern highly granular calorime-
ters
Authors: Andrey Boyarintsev1; Borys GrinyovNone; Kolesnikov O.None; A. KrechNone; P. LohvynNone; A. ChernyshovaNone;
O. ShpilinskayaNone
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1 ISMA, Kharkiv, Ukraine

Corresponding Author: aboyar74@gmail.com

Institute of Scintillation Materials, Kharkiv, Ukraine has been a member of CMS collaborators for
more than 20 years, is also a technically associated member of the LHCb experiment, takes part as a
partner in other projects and communities in high energy physics experiments
The Institute is a manufacturer and supplier of scintillators for different experiments. Active take
part in the development of materials for detectors for industrial and high energy physics experi-
ments.
Most of the research work of the institute is devoted to the development of radiation-resistant ma-
terials based on organic and inorganic scintillation materials. Optical materials for the detector:
reflector, optical contact, absorber.
Work is underway to develop and create technologies for obtaining scintillators for modern highly
granular calorimeters.
We take part in R&D project aims to study the concept of a next-generation calorimeter, in analogy
with the Shashlik technology, for possible application in FCC e+e- experiments. Potential it pro-
vide extremely fine sampling of the electromagnetic shower and for this reason a very good photon
energy resolution is expected (~2%/√E) with respect to conventional Shashlik detectors.

A5 / 211

Scintillating sampling ECAL technology for the LHCb PicoCal

Author: Philipp Roloff1

1 CERN

Corresponding Author: philipp.roloff@cern.ch

The aim of the LHCb Upgrade II is to operate at a luminosity of 1.5 x 1034 cm−2 s−1 to collect a
data set of 300 fb−1. The required substantial modifications of the current LHCb electromagnetic
calorimeter due to high radiation doses in the central region and increased particle densities are
referred to as PicoCal. A consolidation of the ECAL already during LS3 will reduce the occupancy
and mitigate substantial ageing effects in the central region after Run 3.

Several scintillating sampling ECAL technologies are currently being investigated in an ongoing
R&D campaign: Spaghetti Calorimeter (SpaCal) with garnet scintillating crystals and tungsten ab-
sorber, SpaCal with scintillating plastic fibres and tungsten or lead absorber, and Shashlik with
polystyrene tiles, lead absorber and fast WLS fibres.

Timing capabilities with tens of picoseconds precision for neutral electromagnetic particles and in-
creased granularity with denser absorber in the central region are needed for pile-up mitigation.
Time resolutions of better than 20 ps at high energy were observed in test beam measurements of
prototype SpaCal and Shashlik modules. Energy resolutions with sampling contributions of about
10%/sqrt(E) in line with the requirements were observed. The presentation will also cover results
from detailed simulations to optimise the design and physics performance of the PicoCal.

G2 / 212

Drift chamber with cluster counting techniques for CEPC
Authors: Guang ZhaoNone; Linghui Wu1; Mingyi DongNone; Shuiting Xin2; Shuaiyi Liu2

1 IHEP, CAS
2 Institute of High Energy Physics
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Corresponding Authors: xinshuiting@ihep.ac.cn, liusy@ihep.ac.cn, zhaog@ihep.ac.cn

The Circular Electron Positron Collider (CEPC) is designed to operate at center-of-mass energies of
240 GeV as a Higgs factory, as well as at the Z-pole and the WW production threshold for electroweak
precision measurements and study of flavor physics. A good identification of charged kaons is es-
sential for the flavor physics and benefits the determination of jet flavor and jet charge. To achieve
these physics goals, a design of tracking system combining a silicon tracker and a drift chamber
is proposed. The silicon tracker provides excellent spatial resolution and granularity to cope with
track separation in dense jets. The drift chamber could provide excellent particle identification (PID)
performance with cluster counting technique. The cluster counting, which measures the number
of primary ionizations (dN/dx) instead of the energy loss (dE/dx) along the particle trajectory in a
gaseous detector, represents the most promising breakthrough in PID. The Poissonian nature of the
dN/dx offers a more statistically significant way of ionization measurement, which makes the dN/dx
potentially has a resolution two times better than the dE/dx.
In this presentation, detailed PID study of the CEPC drift chamber will be discussed. Simulations
from the ideal model to a more realistic one have been carried out. The ideal model, which only
simulates the ionization process without considering the detector response, shows promising PID
performance for dN/dx over dE/dx. The realistic model, which includes the detector and electronics
responses as well as the reconstruction algorithm, is used to optimize the drift chamber design and
to provide the PID performance. A preliminary CEPC drift chamber design is proposed. The PID
performance in terms of the kaon and pion separation power with one meter track for 20 GeV/c mo-
mentum can reach 2σ level, which satisfies the preliminary physics requirements of CEPC.

F4 / 213

Online Luminosity Monitor at Belle II
Author: Evgenii Kovalenko1

1 Budker Institute of Nuclear Physics

Corresponding Author: ekoval@inp.nsk.su

We describe a system used for online measurements of luminosity, utilizing elastic e+e− Bhabha
scattering and two-photon annihilation processes reconstructed with the Belle II electromagnetic
calorimeter. The Belle II experiment at the SuperKEKB asymmetric-energy e+e− collider is designed
to achieve a luminosity of 6 × 1035 cm−2s−1. With the designed parameters of SuperKEKB, the
statistical accuracy of the instantaneous luminosity measurement provided by the Online Luminosity
Monitor is expected to be better than 1% within one second. The overall systematic uncertainty is
estimated to be at the level of 1.7%. Comparison with a dedicated offline analysis and results on the
long-term stability of the monitor’s performance are also presented.

F2 / 214

ILC CHALLENGES AND NEW IDEAS ON DETECTOR TECHNOLO-
GIES
Author: Maksym Titov1

1 CEA Saclay Irfu

Corresponding Author: maxim.titov@cea.fr

Among all “Higgs Factories”, the international Linear Collider project (ILC) with a first stage at 250
GeV, followed by an upgrade to higher energy, is by far the most advanced in terms of technology,
maturity, cost, and preparations in international cooperation. A global design and R&D effort for
baseline detector concepts, ILC and SiD, allowed drawing up the main specifications for the detector
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performance. Intentionally, ILD and SiD concept groups did not make specific choices and keep
various options for technologies open to realize the individual sub-detectors. This has an advantage
that the technologies can be further matured until specific choices will be made once the project
is approved. Several promising new ideas for improved sensors and detector systems that can be
integrated into ILD and SiD will be discussed in this talk. Recent developments are ongoing to adapt
elements of ILD concept that might need to be changed, should ILD operates at other circular Higgs
Factory colliders.

This talk will also highlight the challenges and necessary technological advances for detector opti-
mization, further R&D work on critical accelerator technologies within the ILC International Tech-
nology Network (ITN), and address sustainability aspects for future Linear Collider facilities.

F3 / 215

Results from the first science run of the XENONnT expertiment

Authors: Giovanni Volta1; XENON CollaborationNone

1 Max Planck Institue für Kernphysik

Corresponding Authors: giovanni.volta@mpi-hd.mpg.de, speakers@xenon1t.org

The XENON project is a multi-stage research program that aims to identify the true nature of dark
matter using two-phase liquid xenon time projection chambers of increasing size and sensitivity. The
current phase, XENONnT, is operating at the Laboratori Nazionali del Gran Sasso in Italy. Designed
to be a rapid upgrade of its predecessor XENON1T, XENONnT is expected to improve sensitivity to
weakly interacting massive particles (WIMPs) by more than an order of magnitude. To accomplish
this, XENONnT features new technology and infrastructure enabling it to achieve an unprecedented
target purity and background level. The first science run (SR0) was performed from May to December
2021. Results from dark matter searches and other beyond the standard model processes will be
shown as well as the main hardware upgrades of the experiment.

E3 / 216

European Innovation Council (EIC) : support of breakthrough
technologies and disruptive innovation
Author: Maciej Lopatka1

1 European Innovation Council

Corresponding Author: maciej.lopatka@ec.europa.eu

The European Innovation Council (EIC) has been established under Horizon Europe as Europe’s flag-
ship innovation programme to identify, develop and scale up breakthrough technologies and game
changing innovations. With its budget of €10.1 billion for the period 2021-2027 it focuses mainly on
high-risk innovation throughout the lifecycle from early stage research, to proof of concept, tech-
nology transfer, and the financing and scale up of start-ups and SMEs. A majority of the funding is
awarded through ‘open’ calls with no pre-defined thematic priorities. This enables support for any
technologies and innovations that cut across scientific, technological, sectoral and application fields
or represent novel combinations. This is complemented by a ‘challenge’ driven approach informed
by the work of EIC Programme Managers. The programme has three main instruments such as
Pathfinder (supporting research and development on high-risk emerging technologies), Transition
(pushing ideas from lab to business) and Accelerator (supporting start-ups’ development and scaling
up incl. through the EIC Fund providing investments from seed to early growth). The support from
the EIC goes beyond funding. All beneficiaries receive access to tailor-made Business Acceleration
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Services. This facilitates connections and support that can help scale-up EIC-supported companies
and enable researchers to take the first steps towards commercialising their results.

E3 / 217

The DESY Innovation Ecosystem - from Basic Research to Deep-
Tech Business
Author: Denny Drossmann 1

1 DESY

Corresponding Author: denny.drossmann@desy.de

I will give an overview of the different measures DESY is taking to foster innovation and technol-
ogy transfer. This is happening on four different levels. First DESY is systematically scouting for
promising technologies and ideas for exploitation within the research teams. Second is that DESY
is inviting the industry to cooperate with its scientists and use the scientific infrastructure within
its innovation processes. The third field is to encourage our scientist to go into business themselves
and found companies with their technological developments and last but not least there is a set of
infrastructure projects pr

E3 / 218

Max Planck Innovation: Patents, Licensing, and Startups – A Com-
prehensive Service for Max Planck Scientists
Author: Wolfgang Troeger 1

1 Max Planck Society

Corresponding Author: troeger@max-planck-innovation.de

Max Planck Innovation (MI) is responsible for technology transfer from the research institutes of
the Max Planck Society.

The Max Planck Society (MPG) operates as Germany’s most successful organization in basic research
and is world renowned for its cutting-edge research. In many cases this cutting-edge research also
forms the basis for innovative products and services that are implemented through licensing and
spin-off companies.

Thus we perform an important task: the transfer of basic research results into products, which
contribute to the economic and social progress.

MI has been providing a link between science and business since 1970. Max Planck Innovation
advises and supports Max Planck scientists in assessing the potential of an invention and applying
for patents. It also markets patents, technologies and know how to industry and is on hand to
help new entrepreneurs set up their business who convert the research results from the Max Planck
Society into products and services.

Two start-ups are briefly presented as examples of successful technology transfer (licensing and
company foundation) in the MPG: Ultrafast Innovations GmbH (www.ultrafast-innovations.com)
and terraplasma GmbH (www.terraplasma.com).
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E3 / 219

Technology Transfer in particle physics research institutes: the
case of the National Institute of Nuclear Physics (INFN)
Author: Mariangela Cestelli Guidi1

1 INFN

Corresponding Author: mariangela.cestelliguidi@lnf.infn.it

Large experiments, designed and built to answer questions of fundamental physics, have a very
high level of frontier technology. One of the challenges we face today, alongside that of advancing
knowledge, is to take these technologies out of the research field so that the advantage for society
also translates into the country’s competitive growth.
Building successful projects does not follow a linear path and involves multiple players with different
skills. Researchers are an active part of the process, but the system is increasingly organizing itself
towards the creation of dedicated structures that take care of the many steps necessary to bring
research products closer to the market: the Technology Transfer model INFN is based on the close
synergy between the National Committee for Technology Transfer (NTTC), which has the task of
identifying strategies for enhancing knowledge and making the tools available to develop it, and the
Technology Transfer Office (TTO), which provides expertise on patenting procedures, definition and
protection of intellectual property, support for the creation of academic spin-offs and relationships
with companies. In each INFN structure there is also a network of local representatives coordinated
directly by the NTTC who promote the scouting of new technologies and proposals coming from
the network of researchers.
Over the past few years, the joint and coordinated work of the TT’s various structures has facilitated
a significant increase in collaborative research initiatives conducted with companies, protection and
exploitation of intellectual property, and support of spin-off creation. INFN’s most successful stories
will be presented.

E3 / 220

ATTRACT, an European Funded project to foster the transition
from the lab to the market
Author: Pablo Garcia Tello1

1 CERN

Corresponding Author: pablo.garcia.tello@cern.ch

In 2018, the European Commission (EC)’s Horizon 2020 Programme funded ATTRACT phase 1,
which supported 170 breakthrough technology concepts in the domain of detection and imaging
technologies across Europe. The projects were each granted €100,000 in seed funding to create a
proof-of-concept. ATTRACT co-innovation approach seeks to act as a bridge between two com-
munities – research and industry – with apparently different motivations and goals for undertaking
research and development and innovation (R&D&I). The ATTRACT Consortium uses public funding
to lower the intrinsic risk that breakthrough technology bears as it moves along technology readi-
ness levels (TRLs) and reaches private investment and the market. Lowering risk is achieved in two
phases:
- Risk absorption (ATTRACT phase 1): ~TRLs 1 to 4.
- Risk reduction (ATTRACT phase 2): ~TRLs 4 to 7.
After reaching a stage around TRL 7, breakthrough technologies – thanks to public funding – will
have been sufficiently de-risked to become more attractive to private funders. At this point, AT-
TRACT phase 2 will be completed, and private investment will help to commercialize new products
and services for society. The ATTRACT project is now in its Phase 2. In this talk, some of the lessons
learnt will be analyzed which might prove insightful for understanding the process of managing
R&D&I Innovation Ecosystems
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KT at CERN: opportunities and challenges
Author: Giovanni Anelli1

1 CERN

Corresponding Author: giovanni.anelli@cern.ch

After a general introduction of KT at CERN, its activities and some examples, the talk will cover
the main opportunities for CERN KT partners and the main challenges associated to the sometimes
tortuous path from research to commercialization and societal impact.

E3 / 222

Knowledge & Technology Transfer with Industry in EU projects

Author: Paolo Giacomelli1

1 INFN

Corresponding Author: paolo.giacomelli@bo.infn.it

Future projects in particle and nuclear physics typically have a large scale in terms of complexity,
size, technological requirements and associated costs. These projects therefore cannot be realised
like earlier experiments in the field, where most of the equipments were designed, tested , built, and
installed by academic researchers. For future projects cooperation with industry will be essential
from the early stages of a project in order to achieve success. This calls for co-creation and co-
development between Academia and Industry for a rather extensive period in the lifetime of these
projects. European funded projects are very important to pursue the necessary R&D in close collab-
oration with Industry.
Examples of co-creation and co-development between Academia and Industry in various EU projects
will be showcased during this session.

E3 / 223

Knowledge Exchange through Collaborations with Industry Part-
ners: A Perspective from a University Group
Author: Georg Steinbrueck 1

1 Uni. Hamburg/DESY

Corresponding Author: georg.steinbrueck@desy.de

The detectors in experimental physics are typically custom made devices developed by the research
groups who later use them for their experiments.The production of such detectors requires industrial
processes.While the physicists and engineers designing the detectors need to have a good under-
standing of the details of the technologies offered by industry,the industry partners have to under-
stand our specifications and potentially adapt their processes to our needs. Open collaborations with
industry partners are therefore essential for the field of instrumentation for experimental physics.
Using specific examples, we will showcase what knowledge exchange is in this context and how it
boost technology advancements.
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E3 / 224

Random Power, from single photon sensitive detectors to ran-
dom bit generation: an entrepreneurial endeavor
Author: Massimo Caccia1

1 Università dell’Insubria / Random Power

Corresponding Author: massimo.caccia@uninsubria.it

Random Power is a project, now turned into a start-up company, aimed to develop a platform of
devices for random bit stream generation. The history of the company will be presented, from the
idea flashing while working on single photon sensitive devices to awareness of the market potential,
promotion through start-up competition and funding. The latter will be critically analysed, with a
focus on the interaction with Venture Capital firms and the role of public funding.

C5 / 225

The DEPFET based all-silicon module for the Belle II Pixel Detec-
tor PXD: construction, assembly and installation
Author: Laci Andricek1

1 MPG HLL

Corresponding Author: lca@hll.mpg.de

Belle II located at the SuperKEKB collider at KEK, Japan, started data taking in March 2019 and is
currently in the 1st long shutdown (LS1) after reaching the peak luminosity of 4.7e34 /cm2.s and col-
lected about 430 fb-1 of data. Crucial to the Belle II detector is the Pixel Sub-Detector (PXD), which
provides precise vertexing capabilities in a challenging radiation environment. LS1 opens the oppor-
tunity to replace the 1st de-scoped version of PXD (PXD1) with the fully completed arrangement of
DEPFET modules forming PXD2.

This presentation focuses on the concept and assembly of the unique DEPFET based all-silicon mod-
ules for PXD1 and PXD2, discussing the performance of PXD1 and transition from PXD1 to PXD2.
PXD2 passed the commissioning phase and is at the time of writing being installed in the interaction
region of Belle II.

We will describe in detail our experience during the construction and assembly of the modules. The
presented technology allows the currently most light-weight pixel detector in operation. The ma-
terial is just about 0.2% of a radiation length including all structures needed for interconnection,
support, and thermal management. This is only possible with the unique approach where all read-
out ASICs and interconnects are integrated on a micro-machined and self-supporting piece of silicon
with the ultra-thin active DEPFET pixel sensor as integral part of the module.

We will conclude with the application of this module concept for other experiments like direct elec-
tron detectors and the outlook to integration of micro-channels into the supporting silicon.

D4 / 226

The performance of the liquid krypton calorimeter of the KEDR
experiment
Author: Yuriy Tikhonov1
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1 Budker Institute of Nuclear Physics, Novosibrsk, RF

Corresponding Author: iouri.tikhonov@cern.ch

The performance of the 30 tons liquid krypton calorimeter of the KEDR experiment during successful
operation in 2004–2022 at the VEPP-4M e+e- collider will be presented. A brief introduction to the
design, cryogenic system, readout electronics, and trigger will be given. The stability and of all
aspects of the calorimeter operation will be discussed. The physical performance of the calorimeter
(energy, spatial resolutions and etc.) obtained in the experiments is presented in detail.

Plenary / 227

Low Gain Avalanche Detectors for the ATLAS High Granularity
Timing Detector: laboratory and test beam campaigns
Author: Mei Zhao1

1 IHEP

Corresponding Author: zhaomei@ihep.ac.cn

The High Granularity Timing Detector (HGTD) is designed for the mitigation of pile-up effects in the
ATLAS forward region and for bunch per bunch luminosity measurements. HGTD, based on Low
Gain Avalanche Detector (LGAD) technology and covering the pseudorapidity region between 2.4
and 4.0, will provide high precision timing information to distinguish between collisions occurring
close in space but well-separated in time. Apart from being radiation resistant, LGAD sensors should
deliver 30 ps time resolution per track for a minimum-ionising particle (35 ps per hit) at the start
of lifetime, increasing to 50 ps per track (70 ps per hit) at the end of HL-LHC operation. Each
readout cell has a transverse size of 1.3×1.3 mm2 leading to a highly granular detector with about
3 millions of readout electronics channels. A dedicated ASIC for the HGTD detector, ALTIROC, is
being developed in several phases producing prototype versions of 2×2, 5×5 and 15×15 channels.
HGTD modules are hybrids of the LGAD and ALTIROC connected through flip-chip bump bonding
process.Several test beam campaigns have been conducted at DESY and CERN SPS H6 beamline
in 2022. The performance of irradiated Carbon-enriched LGAD sensors from different vendors has
been studied.This talk covers the promising results in terms of collected charge, time resolution
and hit efficiency of LGADs. A time resolution of < 70 ps is observed in most cases for highly
irradiated sensors (2.5e15 neq/cm^2), while integrating timing information to the EUDET system
allows for a surface resolution of less than 50 μm. First module prototypes of 15×15 arrays with a
pad size of 1.3×1.3 mm2 for the HGTD project have been tested from different manufacturers. Their
performance with charged particle beams before irradiation is evaluated. A summary of the results
from LGAD-only and hybrids will be presented.

D2 / 228

Photon Detection System in the far detector module of the DUNE
experiment
Author: Francesco Di Capua1

1 Università di Napoli ”Federico II”

Corresponding Author: dicapua@na.infn.it

The Deep Underground Neutrino Experiment (DUNE) is a long baseline neutrino experiment for
neutrino science and Beyond the Standard Model physics, aiming to resolve the neutrino mass hi-
erarchy and measure CP-violation phase. DUNE will also have sensitivity to detect neutrinos from
supernovae.
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The experiment will make use of four far detector (FD) modules, 1300 km away from the beam line,
installed 1.5 km deep underground. The FD modules will consist of Liquid Argon Time Projection
Chambers with 17 kt of liquid argon each, the largest ever attempted.
Photon detection systems (PDS) are integrated in the liquid-argon neutrino detectors and are used
to provide the timing information for an event, which is necessary for reconstructing the drift coor-
dinates of ionizing particle tracks and can be effectively used for other purposes including triggering
events, background rejection, and calorimetric energy estimation.
The PDS of the first FD module consists of light collector modules placed in the inactive space be-
tween the innermost wire planes of the TPC anode. The light collectors, the so-called X-ARAPUCAs,
consist of cells acting as light trap and capturing wavelength-shifted photons inside boxes with
highly reflective internal surfaces where they are guided to Silicon Photomultipliers by wavelength-
shifting bars.
The first FD module will use X-ARAPUCAs based rectangular Photon Detection unit (Supercell) hav-
ing dimensions 209×12×2 cm3. The 48 SiPMs on each X-ARAPUCA supercell are ganged together,
and the signals are collected by FE electronics, mounted on the supercell. The second FD module
will be equipped with Vertical Drift system, in which charge is drifted vertically toward the charge
readout planes. In this case, a new design for X-ARAPUCA, called Megacell has been implemented
in which the detector has square dimensions 600×600×8 mm3. In the present work the results in
term of photon detection efficiency performances for X-ARAPUCA Supercell design and the test
ongoing for the X-ARAPUCA Vertical Drift modules are reported.

Plenary / 229

Introduction

Corresponding Authors: bruce.mellado.garcia@cern.ch, maxim.titov@cea.fr

Plenary / 230

Keynote from the Minister

Plenary / 231

Message from the Director General of the DSI

Corresponding Author: phil.mjwara@dst.gov.za

Plenary / 232

Message from the Deputy CEO of the National Research Founda-
tion

Corresponding Author: aw.paterson@saiab.nrf.ac.za

Plenary / 233
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Message from the Director of iThemba LABS

Corresponding Author: victor.tshivhase@nwu.ac.za

Plenary / 234

From CERN to Sesame, the role of global laboratories for science

Corresponding Author: rolf.heuer@cern.ch

Plenary / 235

From Science to society, view from the IUPAP

Corresponding Author: mspiro@admin.in2p3.fr

Plenary / 236

CERN, the international laboratory for particle physics

Corresponding Author: manfred.krammer@cern.ch

Plenary / 237

Science Diplomacy, a South African view

Corresponding Author: rob.adam@skao.int

Plenary / 238

Panel Discussion

Corresponding Authors: maxim.titov@cea.fr, bruce.mellado.garcia@cern.ch

Plenary / 239

Bolometers for neutrinos

Corresponding Author: anastasiia.zolotarova@cea.fr
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Plenary / 240

The Square Kilometer Array

Corresponding Author: atiplady@sarao.ac.za

Plenary / 241

NaI experiments

Corresponding Author: kschaeff@mpp.mpg.de

Plenary / 242

Technological developments for the CMS HL-LHC Detector Up-
grade

Plenary / 243

Advances in instrumentation at iThemba LABS

Corresponding Author: director@tlabs.ac.za

Plenary / 244

MicroPattern Gaseous Detectors

Corresponding Author: rui.de.oliveira@cern.ch

Plenary / 245

Q&A Session

Plenary / 246

Implementation of Detector R&D Roadmap in Europe (DRD col-
laborations @CERN)

Corresponding Author: thomas.bergauer@cern.ch
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Plenary / 247

Recent development in the field of inorganic scintillator for radi-
ation detectors

Corresponding Author: etiennette.auffray@cern.ch

Plenary / 248

Applications of CMOS Technology at the ALICE Experiment

Corresponding Author: domenico.colella@ba.infn.it

Plenary / 249

Liquid Scintillator Detectors

Corresponding Author: diwan@bnl.gov

Plenary / 251

Noble Liquid Experiments

Corresponding Author: giuliana.fiorillo@na.infn.it

Plenary / 252

Axion Detection

Corresponding Author: ben.mcallister@uwa.edu.au

Plenary / 253

Liquid Scintillator Detectors for Neutrinos

Corresponding Author: caogf@ihep.ac.cn

Plenary / 254

PAUL Facility Initiative
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Corresponding Author: rob.adam@skao.int

Plenary / 255

Knowledge and Technology Transfer

Corresponding Author: massimo.caccia@uninsubria.it

Plenary / 256

Closing Remarks

Corresponding Authors: maxim.titov@cea.fr, bruce.mellado.garcia@cern.ch

Plenary / 257

Superconducting Technology for Future Colliders and Detectors

Corresponding Author: akira.yamamoto@cern.ch

Plenary / 258

ICFA Awards

Corresponding Author: ian.shipsey@physics.ox.ac.uk

Plenary / 259

Water Cherenkov Detectors for Neutrinos

Corresponding Author: jrk@hep.upenn.edu

E4 / 260

Axion Detection: Techniques, Experiments and Instrumentation

Author: Ben McAllister1

1 Swinburne University of Technology

Page 111



Technology & Instrumentation in Particle Physics (TIPP2023) / Book of Abstracts

Corresponding Author: bmcallister@swin.edu.au

Axions are a hypothetical elementary particle originally proposed as a result of the Peccei-Quinn
solution to the Strong CP problem. With the right masses, axions are a compelling dark matter
candidate and have been the subject of growing interest in recent years among the international
dark matter detection community.

Generally, axion dark matter is very light – on the order of micro-eV in mass (give or take a few
orders of magnitude) meaning that detection techniques look radically different from common WIMP
detectors. Axions are theorized to have several couplings to the standard model, the most probed
of which is the axion-photon coupling. There are various axion dark matter detection experiments
around the world which seek to exploit this coupling, by converting axions into photons and vice-
versa.

We will discuss some of the common axion detection techniques, with a focus on axion haloscopes,
and give an overview of some of specific experiments in the field such as ADMX and ORGAN. We
will look at the current state of the art in axion detection and discuss the future of the field with a
focus on instrumentation and detector technology.

G3 / 261

A BURN-IN APPARATUS FOR THE ATLAS TILE CALORIMETER
PHASE-II UPGRADE TRANSFORMER COUPLED BUCK CONVERT-
ERS
Author: Ryan Mckenzie1

1 University Of the Witwatersrand

Corresponding Author: ryan.peter.mckenzie@cern.ch

Abstract
The upgrade of the ATLAS hadronic Tile-calorimeter (TileCal) Low Voltage Power Supply
(LVPS) is a part of the preparation for the High-luminosity LHC project. This talk serves
to provide a detailed overview of the development of a Burn-in test station for an
upgraded LVPS component known as a Brick. These Bricks are radiation hard
transformer-coupled buck converters that function to step-down bulk 200 V Direct
Current (DC) power to the 10 V DC required by the on-detector electronics. To ensure
the high reliability of the Bricks, once installed within the TileCal, a burn-in test station
has been designed and built. The burn-in station functions to implement a burn-in
procedure on eight Bricks simultaneously. This procedure subjects the Bricks to suboptimal operat-
ing conditions that function to accelerate their ageing as well as to
stimulate failure mechanisms. This results in elements of the Brick that would fail
prematurely within TileCal failing within the burn-in station or to experience
performance degradation that can be detected by follow-up testing effectively screening
out the non-performative sub-population. The burn-in station is of a fully custom design
in both its hardware and software. The development of the test station will be explored
in detail, the preliminary burn-in procedure to be employed will be provided, the
preliminary and final commissioning of the test station will be presented culminating in
an outlook of the project

C5 / 262

Design and Prototype Testing of the Homogeneous Crystal Calorime-
ter for STCF
Authors: Yong Song1; Zekun JiaNone
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1 University of Science and Technology of China

Corresponding Authors: zkjia@mail.ustc.edu.cn, yongsong@mail.ustc.edu.cn

The Super Tau-Charm Facility (STCF) is the next generation high luminosity e+e− collider focusing
on the tau-charm physics. STCF will achieve a luminosity of over 0.5 × 1035cm−2s−1 at 4 GeV,
resulting in a high event rate and a high beam background for the detector system. The background
count rate of over 1 MHz per module places new demands on the electromagnetic calorimeter (EMC):
maintaining good energy and position resolution under severe pileup conditions. Meanwhile, the
development of event timing and particle identification capability is also an important aspect of
calorimeter R&D, where a time resolution of better than hundreds of picoseconds is expected.

This talk summarizes the simulation and optimization of the calorimeter system, the prototype fab-
rication and the test results on the prototype are summarized. The STCF EMC is based on a fast
pure CsI crystal and is read out by avalanche photodiodes (APD). By considering the effect of crys-
tal and electronics response, as well as the pileup condition, a complete chain of simulation and
reconstruction is implemented in the Offline Software of Super Tau-Charm Facility (OSCAR). The
architecture and module geometry of EMC are designed by optimizing the physical performance un-
der OSCAR. Based on the module design, a novel wavelength shifter (WLS)-enhanced prototype is
fabricated, which features fast time response and good signal-to-noise ratio at a reasonable cost. The
comprehensive test results on the prototype, especially on the radiation hardness of the prototype,
the uniformity of the light collection and the cosmic ray-timing performance of the prototype, are
also presented.

263

Cosmic Ray Muography: Selected Case Studies
Authors: Brian Li1; Jerry Zhou1; Jack Zhou1

1 Neuqua Valley High School

Corresponding Authors: jzhou3379@gmail.com, jkzhou2005@gmail.com, brian3092li@gmail.com

This review systematically explores the rapidly advancing field of cosmic ray muography, a non-
invasive imaging technique that utilizes high-energy cosmic ray muons from the atmosphere. These
elusive particles can penetrate diverse materials, offering insights into the interiors of geological for-
mations, archaeological sites, nuclear waste storage, and more. This paper examines various studies
that employed muography in various imaging applications and scenarios, revealing its challenges,
current stage of development, and room for future improvement for each respective paper.
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POPULATION – South Africa: 59.62 million 
people / Western Cape: 6 997 473 million people

DEMOGRAPHICS – 79.2% of the population of 
SA were defined (or defined themselves) as Black, 
8.9% Coloured, 2.5% Asian and 8.9% White, with 
0.5% other

SIZE – South Africa is the 24th largest country 
geographically, has the 25th largest population, 
the 33rd largest economy by GDP, the 30th largest 
by purchasing power parity (PPP) and ranks 19th 
in terms of foreign debt (Economist Pocket World 
2020 – comparing 190 countries)

BORDERS – South Africa is surrounded by the 
Indian and Atlantic Ocean on 3 sides
Namibia, Botswana, Zimbabwe and Mozambique 
are neighbours to the north. Swaziland and 
Lesotho are 2 independent, land-locked countries 
located within South Africa

LANGUAGES – South Africa has 11 official 
languages of which three are spoken in the 
Western Cape
English is predominantly used in business and 
education

CAPITAL CITIES – Cape Town is the judicial 
capital 
Pretoria is the administrative capital
Bloemfontein is the legislative capital

POLITICAL LANDSCAPE – the first democratic 
elections were held in 1994
The leading political party is the African National 
Congress (ANC) with the official opposition being 
the Democratic Alliance (DA)  

RELIGION – Almost 80% of South Africa’s 
population is Christian with the other 20% is Hindu, 
Muslim, Buddhist, or other religions

TERTIARY EDUCATION – 26 Universities with 
estimated at 1 million enrolled students 

CLIMATE – South Africa's climatic conditions 
generally range from Mediterranean in the 
southwestern corner of South Africa to temperate 
in the interior plateau, and subtropical in the 
northeast
A small area in the northwest has a desert climate. 
Most of the country has warm, sunny days and cool 
nights

TAX – 15% Value Added Tax (VAT)

TIME ZONE – South African Time is GMT +2 and 
here are no time differences within the country

METRICS – Distances are measured in kilometres 
and metres, weight by grams and kilograms 
Temperature is measured in degrees Celsius

CURRENCY – The Rand (R) is the official currency 
in South Africa 

HOST DESTINATION
2.

SOUTH AFRICA

As a leading economy in Africa, South Africa’s contribution 
is substantial, and as leading economic growth region in the 
country, the Western Cape Province is reaping the rewards of 
its progressive and innovative trade and investment strategies.

For those doing business in Africa – or planning to do so – 
South Africa’s growing economy, excellent infrastructure, 
access to technology and support structures offers a stable 
base from which to operate.

Government strongly encourages foreign trade and investment 
with numerous public- and private sector partnerships and 
agencies that support business to help grow the economy. 
Full foreign ownership is allowed, and repatriation of profits 
is generous.

As one of Africa’s economic powerhouses South Africa not 
only works to promote African interests on the global stage, 
but it also encourages regional economic integration on the 
continent and supports peace initiatives. The country belongs 
to several international organisations that help it to fulfil this 
mandate, such as the United Nations, International Monetary 
Fund, World Bank, G-20, and World Trade Organization.

Business Overview

The Republic of South Africa is considered one of Africa’s top 
three leading economies alongside Nigeria and Egypt. The 
country’s broad-based economy is one of the most advanced 
amongst developing economies and boasts infrastructure to 
match any first-world country.

Politics

South Africa’s peaceful and stable transition to democracy is 
internationally recognised as one of the major achievements 
of the 20th Century.

South Africa is a young but vigorous multiparty democracy 
with an independent judiciary and a free and diverse press. One 
of the world’s youngest and most progressive constitutions 
protects both citizens and visitors.

After decades of white minority rule Apartheid finally fell 
in 1994 when South Africans’ remarkable ability to survive, 
reconcile and thrive gave rise to a “Rainbow Nation”. This 
phrase, coined by Noble Peace Prize winner, Archbishop 
Emeritus Desmond Tutu, aptly describes the society that 
visitors to the country will meet during their time here.

Economy

Ranked by the World Bank as an “upper middle-income 
country”, South Africa was admitted to the BRICS group of 
emerging economies (Brazil, Russia, India, and China (known 
as BRICS) in 2010. The block promotes strategic cooperation 
among emerging economies and lobbies for transformation 
and progress in international finance, climate change, trade, 
and other issues of mutual importance.

A rapidly changing global economy means that emerging 
countries can play an increasingly prominent role on the world 
stage.

Welcome to 
the Republic of 

South Africa
South Africa is the powerhouse of 
Africa, the most advanced, broad-

based economy on the continent, with 
infrastructure to match any 

first-world country. 

South Africa

Eastern Cape

Northern Cape

Free State

North-West

Limpopo

Kwa-Zulu 
Natal

Gauteng

Western Cape

Mpumalanga

Johannesburg

Cape Town 
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HOST DESTINATION
WESTERN CAPE – GATEWAY TO AFRICA

Cape Town - Where Inspiration 

turns ideas into action

Historically the place where trade routes meet and considered a 
gateway to Africa for business and leisure, Cape Town has long 
held a fascination for visitors from across the globe.

Firmly rooted in its African heritage and culture, Cape Town, and 
the Western Cape Province (the Cape) is South Africa’s most 
progressive and innovative region where local government, the 
private sector and academia work together to create one of 
Africa’s leading cities for business, learning and leisure.

Outperforming the rest of the country in terms of economic 
growth, the province also benefits from local government 
initiatives to help drive international investment, trade, and 
tourism in the Province. 

With Table Mountain as backdrop the Mother City, as it is 
affectionately known by South Africans, is set within the unique 
Cape Floral Region, and surrounded by the internationally 
acclaimed Winelands that stretch from coast to coast, Cape 
Town welcomes the world to a vibrant cultural experience that 
is as hospitable as it is unique.

Economic Overview

The Western Cape Province’s government has progressively 
prioritised economic growth and job creation in the region over 
the past five years.

The Covid-19 pandemic has wreaked economic havoc in every 
economy across the globe and South Africa and the Western 
Cape have not been spared its devasting impact. In line with 
national government’s plans, the province has adjusted; and 
resolutely intensified its focus on economic growth alongside 

a proactive recovery strategy which focuses on delivery of 
health services (importantly a vaccine roll-out) and achieving 
behavioural change to beat the virus, stimulating priority 
economic sectors and job creation and the safety and well-
being of citizens.

Working to support the private sector and in collaboration 
with South Africa’s national government, the Western Cape 
Provincial government has rooted the foundation of its strategy 
firmly in the principles of a knowledge driven economy where 
research, consultation with stakeholders across the board and 
private- public- sector partnerships drive progress.

This consultative approach has resulted in workable plans 
that concentrate on improving the ease of doing business by 
reducing the red tape that often comes with dealing with public 
sector entities and the promotion of investment and exports.

The province is investing substantially in the planning and 
development of major infrastructure which essential to attract 
and sustain investment and business in the province.

From a resource perspective, meeting the increasing demand 
for energy and achieving resilience in a water-scarce country 
has boosted the development of sustainable practices for 
commerce and industry to reduce water use, diversification 
of the regional energy mix and a proactive drive to promote 
renewable energy.

In the broader South African economic context, the province’s 
approach has yielded results and it has consistently grown at 
a higher weighted average annual growth rate than the rest 
of the country for the past decade. A staggering 52% of the 
country’s agricultural exports came from the province in 2019 
and it has successfully positioned itself as the country’s leading 
renewable energy and digital economy hub.

Knowledge and Innovation 

Economies

The Western Cape is one of the world’s most beautiful and 
iconic regions, and home to some of Africa’s most important 
educational institutions, healthcare facilities, business 
enterprises, centres of innovation, and cultural and historical 
sites. It has one of the best-performing regional economies 
in South Africa, and among the country’s best educational 
outcomes and health indicators.

In the era of globalisation, there is widespread recognition 
that knowledge-based industries have become a significant 
contributor to economic growth and development. To be 
internationally competitive in a global economy requires 
the creation of distinctive assets such as knowledge, skills, 
innovation and creativity.

Knowledge forms the basis of technological progress, innovation 
and the enhancement of human capital, it is recognised as a 
significant contributor to economic growth and development.

The Western Cape is perfectly positioned and already is fast 
becoming the knowledge-sharing hub for South Africa and the 
wider continent. It is known for its tertiary education institutions 
– four world-class universities and two globally recognised 
business schools. 

Of the top ten universities in Africa, two are based in the 
Western Cape - the University of Cape Town (UCT) (also number 
one in Africa), and the University of Stellenbosch (US). Two 
leading graduate schools are linked to UCT and US respectively: 
UCT’s Graduate School of Business (UCT GSB) and Stellenbosch 
Business School.

Both universities have a proven track record in research and 
development in different fields of study. 

UCT’s Faculty of Health Sciences is the oldest in sub-Saharan 
Africa and linked to Groote Schuur Hospital where Professor 

Christiaan Barnard performed the first heart transplant in 1967. 
The school leads numerous research programmes and provides 
guidance to health organisations around the world.

Alongside two other tertiary institutions, University of Western 
Cape and the Cape Peninsula University of Technology, the 
province leads the way in tertiary education in the South Africa. 

Culture and People

Centuries of trade and immigration have created a population 
with genetic and linguistic links to different parts of Europe, 
southeast Asia, India and Africa. The diverse cultural 
backgrounds gives the province a cosmopolitan flavour with an 
interesting history dating back to the KhoiSan people - the first 
inhabitants of the country.

With its broad range of influences from numerous cultures – 
historical and contemporary – Cape Town has a dynamic rich 
artistic tapestry today.

Cape Town has a bustling art and music culture with world-
class galleries and exhibitions taking place all the time. 
Talented painters, sculptors, photographers, and musicians are 
continuously experimenting and offering new innovative work to 
which the hundreds of venues in and around Cape Town attest.

Food and Wine

The essence of Western Cape food can be found in the complex, 
multi-cultural history of the province.   A mixture of Asian, 
African and European food genres, every dish reflects waves 
of historical settlement and layers of culinary interaction.  The 
Cape Winelands boasts some of the best award-winning wine 
farms in the world. Every year thousands of tourists from 
around the world flock to the amazing wine route situated in 
the Western Cape to indulge in the latest offerings in both food 
and drink.
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Health

Cape Town exemplifies excellence in health management, 
providing a comprehensive and cutting-edge healthcare system 
that prioritizes the well-being of its residents and visitors. 
The city boasts world-class medical facilities equipped with 
state-of-the-art technologies, staffed by renowned specialists 
who deliver compassionate care and personalized attention. 
Cape Town’s commitment extends beyond curative services, 
emphasizing preventative care, health education, and holistic 
well-being. The city promotes a healthy lifestyle through fitness 
programs, nutrition initiatives, and mental health support, 
ensuring a balanced approach to wellness. Furthermore, Cape 
Town strives for health equity, actively working to address 
disparities and provide accessible healthcare options for all. 
With a stunning natural environment that encourages outdoor 
activities, Cape Town nurtures a lifestyle that integrates 
physical and mental wellness. Experience Cape Town, where 
exceptional healthcare, innovation, and a holistic approach to 
health management converge.

Technology

The importance of event technology has never been as crucial.  
Since the start of the COVID-19 pandemic, the emphasis on 
virtual and hybrid meeting infrastructure has become crucial in 
the delivery of successful conferences and meetings. 

The Western Cape offers everything from outstanding broad-
cast-ready venues, including high-speed broadband internet, 

different studio infrastructure, software meeting solutions to 
event planners with extensive experience in managing virtual 
and hybrid events. 

In support to the business events industry, the region is also 
Africa’s technology capital.  The Cape Town-Stellenbosch cor-
ridor contains 450 tech firms employing more than 40 000 
people, making the ecosystem bigger than Nairobi and Lagos 
combined.

Cape Town’s co-working spaces, developer talent, edtech hubs 
and digital skills training academies, universities, as well as 
ease of doing business make it a leader on the continent.  Cape 
Town has a high density of digital skills training academies and 
is the location of choice for edtech businesses that are build-
ing content for entities and educational institutions across the 
globe.

Cape Town features a robust network of fibre-optic cables, 
which has greatly accelerated internet access to over a mil-
lion people in the city. Largely due to the introduction of over 
400 free Wi-Fi zones that are currently spread out across the 
metro. By 2021, the City’s broadband project will deliver a fully 
functional, municipal-owned fibre-optic network that will serve 
the entire metro area. This will even further expand the internet 
options in Cape Town, particularly for those who require fibre 
for business activities.

The improvements in technological infrastructure, enhance-
ment of financial markets and education across the province, 
and the growing interest from private investors are an exciting 
signal of the region’s commitment to support start-ups.

Visa entry requirements for short-term visitors to South Africa may vary depending on the traveler's nationality. 
The most important is that NO country is excluded from entering South Africa.  For detailed information, please visit: 

http://www.dha.gov.za/index.php/immigration-services/exempt-countries 

Here's a general overview:

1. Visa-Free Countries: Citizens of many countries are exempt from obtaining a visa for short stays in South Africa for tourism, 
business, or family visits for up to 90 days within a 180-day period. This includes most European Union countries, the United 
States, Canada, Australia, and New Zealand, among others. However, it is important to check the latest information from the 
South African Department of Home Affairs or the nearest South African embassy or consulate, as visa policies can change 
over time.

2. Visa-Required Countries: Citizens of certain countries are required to obtain a visa before traveling to South Africa, regardless 
of the purpose of their visit. This includes countries such as India, China, Russia, and many African countries. A visa must be 
obtained from a South African embassy or consulate in the traveler's home country before departure.

3. Visa on Arrival: South Africa does not generally offer visa on arrival to short-term visitors. However, there are some 
exceptions, such as travelers from certain African countries who may be eligible for a visa on arrival for short stays.

4. Requirements for Entry: In addition to obtaining a visa (if required), travelers to South Africa must have a valid passport with 
at least six months of validity remaining from the date of entry, a return or onward ticket, and proof of sufficient funds to 
cover their stay in South Africa. They may also be required to provide evidence of accommodation arrangements, a yellow 
fever vaccination certificate (if traveling from or transiting through a yellow fever endemic area), and other supporting 
documents as requested by immigration officials.

5. Length of Stay: Short-term visitors are generally allowed to stay in South Africa for up to 90 days within a 180-day period 
for tourism, business, or family visits. It is important to adhere to the permitted duration of stay and not overstay the allowed 
period, as it may result in fines, deportation, or future travel restrictions.

 It's important to note that immigration policies and requirements can change, and it's always best to check the latest 
information from the South African Department of Home Affairs or the nearest South African embassy or consulate before 
making travel arrangements.

Visa Information
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These examples illustrate Cape Town’s commitment to sustain-
able development and aligning its policies, programs, and initia-
tives with the SDGs. By actively addressing these goals, the city 
contributes to the global efforts of creating a more sustainable, 
inclusive, and resilient future.

Cape Townhas implemented various programs and initiatives to 
address environmental, social, and economic challenges. Here 
is an overview of some key sustainability programs in Cape 
Town:

1. Water Conservation: Cape Town faced a severe water crisis 
in recent years, leading to the implementation of water 
conservation programs. These include public awareness 
campaigns, water restrictions, and the promotion of 
water-saving technologies. The city has made significant 
progress in water management and continues to prioritize 
sustainable water use.

2. Renewable Energy: Cape Town aims to become a leader 
in renewable energy. The city has invested in solar energy 
projects, including the installation of solar panels on 
municipal buildings and the development of solar farms. 
Cape Town is also exploring wind energy potential and 
actively encourages energy-efficient practices.

3. Waste Management: The city has implemented several 
waste management initiatives to reduce landfill waste and 
promote recycling. Cape Town encourages residents to 
separate waste at source and provides recycling facilities 
throughout the city. It has also introduced programs to 
promote composting and organic waste recycling.

4. Sustainable Transport: Cape Town promotes sustainable 
transportation options to reduce congestion and carbon 
emissions. The MyCiTi bus rapid transit system provides 
efficient and low-emission public transportation. The city 
also encourages cycling by developing dedicated cycling 
lanes and promoting bike-sharing programs.

5. Biodiversity Conservation: Cape Town is home to 
unique biodiversity, and the city actively works to 
protect its natural habitats. It has established nature 
reserves, protected areas, and green belts. Cape Town’s 
biodiversity conservation efforts include invasive species 
management, ecological restoration projects, and public 
education initiatives.

6. Social Development: In addition to environmental 
sustainability, Cape Town focuses on social development. 
The city implements programs to address poverty, 
inequality, and housing challenges. Initiatives include 
affordable housing projects, community development 
programs, and social inclusion projects aimed at creating 
a more equitable and inclusive city.

7. Climate Change Adaptation: Cape Town recognizes the 
need to adapt to climate change impacts. The city has 
developed climate adaptation plans, including measures 
to address water scarcity, manage coastal erosion, and 
enhance resilience in vulnerable communities. These 
efforts aim to mitigate the effects of climate change and 
build a more resilient city.

The city’s commitment to sustainability extends across various 
sectors, reflecting its dedication to creating a more livable, re-
silient, and environmentally conscious urban environment.

1. Goal 11: Sustainable Cities and Communities: Cape 
Town is committed to creating sustainable and inclusive 
cities. The city promotes urban planning that prioritizes 
affordable housing, public transportation, and green 
spaces. Initiatives like the MyCiTi bus system, which 
provides efficient and low-emission public transport, and 
the development of affordable housing projects align with 
Goal 11.

2. Goal 13: Climate Action: Cape Town recognizes the 
importance of addressing climate change. The city has 
implemented strategies to reduce carbon emissions 
and adapt to climate impacts. For example, it has 
invested in renewable energy projects, implemented 
water conservation measures, and developed climate 
adaptation plans to mitigate the effects of droughts and 
sea-level rise.

3. Goal 15: Life on Land: Cape Town is home to unique 
biodiversity, including the Cape Floral Kingdom, a UNESCO 
World Heritage site. The city has established nature 
reserves, protected areas, and green belts to preserve its 
natural habitats. Efforts are made to manage and restore 
ecosystems, promote sustainable land use, and conserve 
indigenous plant and animal species.

4. Goal 6: Clean Water and Sanitation: Cape Town is 
dedicated to providing clean and accessible water to its 
residents. Despite facing water scarcity challenges, the 
city has implemented innovative water management 
strategies, including water recycling, water-sensitive 
urban design, and public awareness campaigns for water 
conservation.

5. Goal 9: Industry, Innovation, and Infrastructure:  
 Cape Town promotes innovation and technological 

advancements to drive sustainable development. The 
city has established innovation hubs, incubators, and 
accelerators to support startups and entrepreneurs. 
It also invests in infrastructure development, such as 
renewable energy projects and digital connectivity, to 
foster economic growth and ensure equitable access to 
resources.

6. Goal 3: Good Health and Well-being: Cape Town focuses 
on promoting health and well-being among its residents. 
The city provides accessible healthcare services, including 
HIV/AIDS treatment and prevention programs, and 
prioritizes public health initiatives. Cape Town’s efforts in 
tackling public health challenges contribute to achieving 
Goal 3.

Cape Town, as one of the major cities in South Africa, actively supports the Sustainable Development Goals (SDGs) through various 
initiatives and actions. Here are some ways in which Cape Town contributes to the SDGs:

SUSTAINABILITY
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World-class Infrastructure

The Cape’s advanced infrastructure improves the region’s 
overall competitiveness when it comes to doing business 
which is why the number of company’s choosing the province 
as its base continues to rise year-on-year.

Easy Access

Cape Town International Airport is just 20 minutes from Cape 
Town’s CBD, and once in the city, getting around is easy and 
convenient by using the MyCiTi bus service, taxi’s e-hailing 
services or rail network.

Safe and Secure

Cape Town is a popular global tourism destination that takes 
the security of our visitors very seriously. The destination 
works closely together with all partners, to manage to the best 
of our ability the safety of all our visitors.

Knowledge and Innovation Hub

Four leading universities and several world-class research 
institutions in fields as diverse as science, technology, 
medicine, and social politics makes for fertile ground for 
intellectual dialogue and the exchange of ideas.  The region 
prioritizes the development of our knowledge and innovation 
economies, underscoring the role the destination plays in 
uplifting the continent.

Centre of Business

As one of the continent’s leading business hubs, the 
province understands that economic growth is at the heart 
of development success. Government and the private sector 
collaborate on several programmes to create an enabling 
environment for investment. 

Culturally Diverse
Cape Town is a unique and socially diverse city. Its inhabitants 
have come from all four corners of the globe to make the 
city their home resulting in a creative, culinary, and cultural 
melting pot that enriches South Africa’s heritage and history.

Natural Beauty and Climate

Cape Town enjoys a warm and moderate Mediterranean 
climate that sees visitors and locals alike flock to its sandy 
white beaches and hike beautiful mountains like Table 
Mountain. The region is also the proud custodian of two World 
Heritage Sites at Robben Island and the Cape Floral Region.

Global Appeal

Cape Town has consistently been voted as one of the world’s 
favourite tourist destinations and the city’s global profile as 
a modern and convenient city secures high delegate Interest 

DESTINATION FACTS

Value for Money
Cape Town is known as one of the most affordable business 
tourism and incentive travel destinations in the world, with an 
exchange rate that favours the dollar, pound and euro. 

Professional Support Services

Professional infrastructure for congresses includes an 
established Convention Bureau to deliver quality services for, 
amongst others, bid production. Trained professionals and 
logistical support abounds for meeting planners, travel agents 
and corporations. 

Estimated Destination 
Costs

             Visit Cape Town and 
history is never far from your 

grasp. It lingers in the air, a scent 
on the breeze, an explanation of 
circumstance that shaped the 

Rainbow People.
Tahir Shah

TRANSPORT

Taxi from airport R 300 / $ 16

Public transport from airport R 90 / $ 5

Week pass on public transport R 250 / $ 13

FOOD & BEVERAGES

3 course meal (excl beverages) R 250 / $ 13

Wine (mid range) R 100 / $ 5

Local beer R 30 / $ 2

Coffee R 20 / $ 1

Fast food burger R 30 / $ 2

ATTRACTIONS & TOURING

Entrance to top attraction R 240 / $ 13

Half day scheduled tour R 690 / $ 37

Full day scheduled tour R 950 / $ 51

Hop-on hop-off bus R 170 / $9

Above estimated rates are as per 
June 2023 and exchange rate is 

based on $1: R18,58
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 HOTELS WITHIN 1KM/5KM/10KM OF 

CAPE TOWN INTERNATIONAL CONVENTION CENTRE

  HOTELS WITHIN 1KM/5KM/10KM OF 

CENTURY CITY CONFERENCE CENTRE

Camps Bay

ATLANTIC 
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WESTERN CAPE

Bloubergstrand

CA P E  TOW N

Hout Bay

Simon’s Town

Kirstenbosch National 
Botanical Garden

Groot Constantia

University of Cape Town

University of the Western Cape

Cape Peninsula University 
of Technology

Cape Peninsula University of Technology

Cape Peninsula University of 
Technology

Stellenbosch University

V&A Waterfront

Somerset West

Cape Town International Airport

ROBBEN ISLAND

CAPE POINT

FALSE BAY

Cape of 
Good Hope 

C e n t u r y  C i t y  C o n fe re n c e  C e n t re

C a p e  Tow n  I n t e r n a t i o n a l 
C o nve n t i o n  C e n t re

 

Table Mountain
National Park
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These key attractions all lie within close proximity to the city centre.

KEY VISITOR ATTRACTIONS

6

2

3
4

1

5

18km < - Airport

Cape Town International 
Convention Centre

1.Cape Point

The Cape of Good Hope and Cape Point form part of the Cape 
Peninsula National Park. A rocky promontory that juts out into 
the sea and was once thought to be the southernmost point 
of Africa, Cape Point is home to 7 750 hectares of indigenous 
flora and fauna, 150 bird species and the only shellfish-eating 
baboons in the world. Visitors can also travel by funicular to a 
viewing point to see where the Benguela and Aghulas currents 
converge.  

3.Kirstenbosch Botanical Gardens

Established in 1913, on the southeastern slopes of Table 
Mountain, the Gardens cover 528 hectares and are the best 
place to view the Cape Floral Kingdom; known locally as 
fynbos, it offers more floral diversity than the whole of Europe 
combined. 

5.V&A Waterfront

This unique working harbor with scenic views of Table 
Mountain combines high-end shopping with entertainment, 
fine dining, boat trips and a world-class aquarium. Some of 
the City’s finest hotels are situated here.

4.Constantia Wine Valley

The Western Cape is a historic wine-producing region and it 
all started in Constantia in 1695. Featured in novels by Jane 
Austen and preferred by Napoleon, the wines of Constantia are 
legendary. 

6.Robben Island

For those who followed the political history of South Africa 
and feel an affinity with Nobel Laureate, Nelson Mandela, a 
visit to Robben Island is a must. One of South Africa’s 4 World 
Heritage Sites, Robben Island is a moving tribute to the late 
President Mandela’s dreams of freedom. 

2.Table Mountain

Iconic Table Mountain was afforded National Park status in 
1998. The Park offers walks, magnificent views, cable car 
rides in a modern cable car with revolving floor, hiking, rock 
climbing – even abseiling and paragliding. 
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3.
TRAVEL 
INFORMATION

Cape Town International Airport (CTIA) is Africa’s most award-
winning airport. As Africa’s 3rd largest airport it processes 
over 8 million passengers annually with over 50 % of the 
country’s air passengers passing through the airport. It is the 
primary airport serving the city of Cape Town. 

Located approximately 20 kilometres (12 mi) from the city 
centre, the airport has domestic and international terminals, 
linked by a common central terminal. 

The airport offers direct flights from South Africa’s other 
two main urban areas, Johannesburg and Durban, as well as 
flights to smaller centres in South Africa. 

Internationally, it offers direct flights to several destinations 
in Africa, Asia and Europe and many more via Johannesburg. 

Wesgro’s new Air Access division is currently in negotiation 
with several airlines based in Africa and Europe around new 
routes that will make it even more convenient to travel and 
trade with the Western Cape.

 Public Transport

MyCiTi is Cape Town’s safe, reliable, convenient bus system. 
It is the perfect wayto connect with the city from the airport 
and GROUND TRAVEL to explore some of the  estinations Cape 
Town has to offer.

 Walking

The city is ideal to explore on foot and this is the perfect way to 
experience the energy and vibrancy of the city.

 Train

Cape Town Station is situated within walking distance of most 
of the city centre hotels. The Metro Rail system connects the 
city centre with the northern suburbs, southern suburbs and 
Cape Flats.

 Car Rental

Cape Town offers a wide selection of car rental companies 
with good road systems. An international driver’s license is 
required and driving is on the left hand side of the road.

  Cycling

The City of Cape Town is working to develop its bicycle 
infrastructure, and there are a growing number of safe cycling 
routes and places to ride in the city and surrounds as well as 
a number of bicycle hire shops. 

 Taxi Or Coach

Luxury air-conditioned coaches and shuttle buses usually 
transport delegates between the airport, hotels, Convention 
venues and the functions. Metered taxis are also available. 
The online travel service, Uber, is also a very popular and 
convenient way to travel around Cape Town.

 Scheduled Tours

The bright red “Hop-on Hop-off” city sightseeing bus service 
comes complete with nine multilingual commentary channels, 
plus a “kiddie’s” channel. Tickets can be bought on board the 
bus or online by visiting www. citysightseeing.co.za or from the 
Cape Town Tourism Visitor Information Centre in Burg Street.

8 million annual 
passengers travelling by air 

72 international flights leaving and 
entering Cape Town weekly
3rd largest airport in Africa
R3.2 billion invested in the 

expansion and runway realignment 
at Cape Town International

 airport



Overview
• Above room inventory for 3, 4 and 5-star categories in-

cludes only current formal hotel properties and excludes 
all guesthouse and B&B establishments.   

• Cape Town offers a large number of outstanding and 
rated guesthouse and B&B alternatives and these are 
a popular choice for delegates. In addition to these, a 
number of companies also control apartment and holiday 
home rentals and this is a popular option for delegates 
who require more flexibility. 

• At present, AirBnB, the global accommodation booking 
and sharing website, has over 10 000 rooms available in 
their room inventory for Cape Town.

Modern Infrastructure

Cape Town and the Western Cape is a popular global holiday destination, offering outstanding accommodation options to all travel 
profiles. Cape Town offers a wide variety of accommodation options and has approximate 20 000 formal 3, 4 and 5-star hotel rooms. 
Most of these hotels are located within the City Bowl, Waterfront and Atlantic Seaboard areas, all near the Cape Town International 
Convention Centre. There are also many deluxe boutique hotels, serviced apartments and B&Bs in the area.

Student/Budget Accommodation 
• Various student and budget accommodation options 

are available in 2 star hotel options, short-term holiday 
apartment rentals, guesthouses and also university 
residences during holiday periods.  

NOTES

5.
ACCOMMODATION

34

Time to Cape Town 
International Convention 

Centre (in minutes) Deluxe Superior Standard Economy (Budget)

5 minutes  (walking) 2580 3100 1588 250

15 minutes (walking) 572 1278 523 350

30 minutes (driving) 240 700 403 350

45 minutes (driving) 250 984 481 250

Standard room 
(entry level)

Single Double

Deluxe R 7000 / $ 377 R 7500 / $ 403

Superior R 4000 / $ 215 R 4500 / $ 242

Standard R 2500 / $ 135 R 2800 / $ 151

Economy (Budget) R 1200 / $ 65 R 1500 / $ 81

Estimated average RACK RATES for the following categories:

Hotel Accommodation Rates

Current Hotel Availability (April 2023)

Above information is for reference purposes only as negotiations will be ongoing.

Discounted congress rates will apply.     

Rates include 15% Value Added Tax, but exclude 1% Tourism levy 

The US Dollar ($) rates are based on current exchange rates (June 2023) $1 : R18.58 and are for reference purposed only

Time to Cape Town 
International Convention 

Centre (in minutes) Deluxe Superior Standard Economy (Budget)

5 minutes  (walking) 180 205

15 minutes (walking) 1278 175

30 minutes (driving) 240 700 403 350

45 minutes (driving) 250 984 481 250

Cape Town City Centre
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AVERAGE ACCOMMODATION RATES WITHIN CLOSE PROXIMITY TO CTICC:

Hotel Grade

Average Room Rate 
Entry Level Room
Single Occupancy

South African Rand (R)

Average Room Rate 
Entry Level Room
Single Occupancy

United States Dollar ($)

  Deluxe
High Season (Oct-Apr) R4200 – R5000
Low Season (May – Sept) R3700 – R4500

High Season (Oct-Apr) $226 - $27269
Low Season (May – Sept) $199 - $242

  Superior
High Season (Oct-Apr) R2800 – R3200
Low Season (May – Sept) R2500 – R3000

High Season (Oct-Apr) $ - $151 - $172
Low Season (May – Sept) $138 - $161

  Standard
High Season (Oct-Apr) R1400 – R1800
Low Season (May – Sept) R1200 – R1600

High Season (Oct-Apr) $75 - $97
Low Season (May – Sept) $65 - $86

  Economy
High Season (Oct – Apr) R500 – R800
Low Season (May – Sept) R400 – R600

High Season (Oct – Apr) $27 - $43
Low Season (May – Sept) $22 - $32

Above rates are based on current exchange rates (June 2023) $1 : R18.58



SUGGESTED THEMES
Cape Town and the Western Cape is an exotic, vibrant and multi-cultural region with a fascinating history that is reflected in the 
many exciting options it offers the social programme of all business events. Expect world-class cuisine, award-winning local wines 
and unique entertainment – all served up with a dash of vibrant African spirit. 

6.
SOCIAL EVENTS

Under the African Sky
Our moderate climate, natural beauty and numerous outdoor 
settings such as wine farms to wide open spaces within the 
city limits, provides the perfect canvas for an authentic African 
experience.  From drummers on arrival to larger than life 
African puppets and iconic local African choirs, rich sunset 
colours, flavours and aromas from the African continent, 
organisers can look forward to delegates speaking about their 
experience long after the conference.

Dinner In The Winelands
Steeped in history and heritage the wine estates of the 
Cape offer the perfect backdrop to host groups of different 
sizes. Events can be customized to suit the requirements of  
the group.

Rainbow Nation Street Party
This memorable evening introduces guests to the intriguing 
fusion of Cape Town’s many people groups. The event centers 
around a market square with stalls, vendors, bistros and 
restaurants all offering a taste of the Cape – from Cape Malay 

Curries to Traditional Africa Grills and Afrikaner Desserts. 
Seating is informal, either at wooden benches and tables or 
café-style chairs and tables. 

A carnival of colour and culture is created as troupes of 
traditional Cape street minstrels with painted faces and 
bright costumes entertain through joyous movement and 
music – and the evening culminates in a grand finale on the 
market square. The Rainbow Nation Street Party echoes the 
traditional New Year’s Eve activities that take place every year 
in Cape Town and provides an unforgettable way to discover 
and celebrate the unique cultural diversity of Cape Town.

Formal Historial Gala Dinner
The city has a rich colonial history, offering a number of 
impressive historical venues in which to host more formal events,  
complete with dishes inspired by the Cape’s European 
ancestors.

 Image courtesy of Imfunzelelo Conferences

SUGGESTED VENUES

 > 500 Delegates

Cape Town offers a wide selection of culinary styles and the 
city offers world-class, award-winning restaurants. There 
are many restaurant venues to choose from at the nearby 
V&A Waterfront that are ideal for dine-around evenings and 
evenings at leisure.

V&A Waterfront 

Artscape Opera House

Marquee at the Castle of Good Hope

Mega Dome at Green Point Park

Bedouin Tents overlooking Camps Bay

 1000–2000 Delegates 

Apart from the Cape Town International Convention Centre 
(CTICC) Cape Town does not offer many mega restaurant 
venues and in most cases events will have to be catered for in 
a variety of outdoor venues using marquees. The Convention 
Bureau will gladly suggest venues to suit your requirements 
and budget.

 500–1000 Delegates

Some suggestions are:
Castle of Good Hope - Historical Venue
www.capetowncastle.co.za

Grand West Casino - Casino & Events Venue
www.suninternational.com/grandwest/

Moyo Kirstenbosch - African Restaurant
www.moyo.co.za

Gold Restaurant - African Restaurant
www.goldrestaurant.co.za

CTICC - Convention Centre
www.cticc.co.za

Cape Town Stadium - Stadium
capetownstadium.capetown.gov.za

V&A Waterfront - Lifestyle development 
www.waterfront.co.za

Century City Conference Centre
ccconferencecentre.co.za

The Lookout V&A Waterfront - Event Space
www.the-lookout.co.za

Zeitz Museum of Modern African Art (MOCAA) - Art Gallery
ww.zeitzmocaa.museum
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The Western Cape is unusually rich in diversity and offers 
a host of activities for visitors. Apart from sightseeing, 
shopping markets and high-end brands and visiting iconic 
World Heritage sites and beaches, the Western Cape also 
offers a wealth of cultural heritage, like food and wine, and 
is a favourite destination for adventurous activities such as 
rock-climbing and cycling. The largest timed cycle tour in the 
world takes place here every year and there is a cycle tour 
between Cape Town and Knysna, on the Garden Route, for the 
truly adventurous. 

Cape Point

Cape Point is the southernmost tip of the Cape Peninsula. The 
drive takes you via Chapmans Peak past steep mountains, 
secluded coves, beaches, villages and fishing communities. 
At Cape Point visit the Cape of Good Hope nature reserve – 
home of fynbos species found nowhere else in the world and 
a variety of wildlife including baboons, rhebok, Cape Mountain 
zebra, bontebok and the elusive eland. Return via the historical 
Simonstown naval base. 

Panoramic Cape Town City Tour

Visit the Castle, the oldest building in South Africa, then move 
on to another historic area of the city, the Cape Malay quarter 
situated on the slopes of Signal Hill. Imbibe its rich spiritual, 
musical and culinary heritage before diving down into the city 
centre itself.  Drive along Adderley Street, the lively centre of 
town, past the historic Groote Kerk and St. George’s Cathedral, 
the Anglican Diocese of Nobel peace laureate Archbishop 
Desmond Tutu. 

Robben Island

Famous Robben Island, whose prison was once home to 
former South African president Nelson Mandela as well as 
many other black political freedom fighters, is now a World 
Heritage Site and provides stunning views across the bay 
with Table Mountain as its backdrop. A trip to the island is an 
unforgettable experience and offers a glimpse into the life and 
times of the apartheid era. Daily tours to the island, that take 
approximately 31/2 hours, include the ferry trip there and 
back, an island tour and a tour of the prison with a former 
political prisoner as your guide. 

Table Mountain

A cable car ride to the top of Table Mountain, a World Heritage 
Site, is a highlight of any Cape Town visit. The cableway 
takes you to the summit in under ten minutes whilst rotating 
gondola’s ensure a 360 degree view of Cape Town and Table 
Bay. At the top stroll along 2km of pathways and enjoy 
magnificent views from over 12 viewing sites and decks. 
Facilities on the mountain include a self-service restaurant, 
bistro, and a shop selling gifts and curios.

Winelands Tour

A visit to the Cape Winelands is an absolute must as the 
region is one of breathtaking vistas and majestic mountain 
backdrops while being steeped in rich culture and history. 
Rolling vineyards and quaint Cape Dutch homesteads await 
you, as well as award-wining wine farms offering some 
of the country’s best wines. Within an hour’s drive from 
the city centre, most popular and well-known regions are 
Stellenbosch, Franschhoek, Wellington, Paarl, The Constantia 
Valley, that is just a 10-minute drive from the city centre. 

Kirstenbosch National Bontanical 

Gardens 

The beautiful Kirstenbosch gardens cover an area of 528 
hectares with 36 hectares of cultivated garden. The gardens 
are a celebration of South African flora – showcasing only 
indigenous South African plants. Fynbos, proteas, cycads and 
rolling lawns are intermingled with streams and ponds and 
well-laid out pathways for easy walking. 

Cultural Tours

A visit to one of the many townships surrounding the city is 
an experience that will open your eyes to the way in which 
the biggest portion of Cape Town’s population lives. Take a 
township tour of Langa, the oldest township in South Africa 
or vibrant Khayelitsha, the second largest township in South 
Africa. Township tours will usually be co-led by a resident in 
the area, showcase local industry and community projects 
and include a visit to a township bar or ‘shebeen’.

Golf

Cape Town and the greater Western Cape Province, with its 
sprawling and lush green lawns, is a golfer’s paradise. It is 
here, in Africa’s sport capital that you will find some of the 
most majestic and scenic championship-status courses in 
South Africa. Golfing enthusiasts will be pleased to know that 
Cape Town’s golf courses are highly rated in terms of setting, 
layout and quality. 

Adventure Activities

Cape Town, and the Western Cape, caters for the more 
adventurous at heart. The mountains surrounding the area 
provide the perfect foil for abseiling, hiking, paragliding and 
mountain biking while the oceans are a playground for surfing, 
deep sea fishing and shark cage diving.  

DAY TOURS
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PRE & POST TOURS IN 
SOUTHERN AFRICA
South Africa is a long-haul destination for most international delegates so it makes sense to combine a trip to South Africa with 
a visit to one or more of the magnificent destinations that are on offer. From the elegance and historicity of the Cape winelands to 
the cross-country romance of steam-train travel and the wilderness of safari – to the bushland adventures beyond South Africa’s 
borders, the options are many and varied. 

Safari experiences

“Twenty years from now you will
 be more disappointed by the things 
you didn’t do than by the ones you 
did do. So throw off the bowlines, 
sail away from the safe harbor. 

Catch the trade winds in your sails. 
Explore. Dream. Discover.”

Mark Twain Cape Overberg

Cape Karoo

Cape West Coast (Weskus)

Cape Winelands

Garden Route & Klein Karoo 

Garden Route & Klein Karoo

The tour visits the famed Garden Route, with a dramatic 
and spectacular coastline of cliffs interspersed with endless 
golden beaches, huge natural lagoons, and thick indigenous 
coastal forests. Inland there are mountain passes and desert 
scenery and the famed Cango caves, as well as the Addo 
Elephant National Park with its large elephant herds. 

Cape Winelands

The Cape Winelands are situated east of Cape Town among 
beautiful mountains creating some stunning vistas. The 
region is steeped in culture and history with some excellent 
examples of typical Dutch architecture dating back to the 17th 
century. The Winelands encompass several regions each with 
their own wine tasting tours. The most popular towns include 
Stellenbosch (which is closest to Cape Town), Franschhoek, 
Wellington, and Paarl. 

Cape West Coast  (Weskus)

For many the West Coast is an acquired taste--kilometers of 
empty, often windswept beaches and hardy coastal scrub, low 
horizons and big skies, lonely tree-lined dirt roads, and distant 
mountains behind which lie lush pockets carpeted in vineyards. 
Catch the spring flower displays that occur in the West Coast 
National Park anytime from the end of July to early September 
or take a walk on the wild side with water sports including 
angling, diving, surfing, sailing, kite-boarding, windsurfing and 
swimming, as well as hiking and horse-riding. 

Cape Karoo

The Cape Karoo’s windmill-peppered landscapes inspire 
poetry, the scenes resemble movie sets and it is the ultimate 
escape from the world. It has a colourful past – explore Khoi 
and Xam (Bushman) rock art in Nelspoort, Beaufort West; or 
take a trip to the Anglo Boer War graves and block houses 
and follow the battle routes near Prince Albert or travel back 
in time along Smuggler’s Route, an old liquor smuggler’s trail 
through the settlements near Laingsburg. For a walk on the 
wild side, visit the Karoo National Park and see the Kgalagadi 
lions, known for their impressive dark brown manes. 

Cape Overberg

A short one-hour drive from Cape Town over the spectacular 
Sir Lowry’s Pass lies the magnificent mountain ranges, fynbos 
(Cape Flora), rolling wheat and canola fields, and coastal 
towns of the Cape Overberg. Its coastlines are spectacular and 
famous for whale watching. People flock here from across the 
globe to watch the whales and the town of Hermanus is home 
to the only whale crier in the world.  The adventurous get their 
kicks in a variety of activities, shark-cage diving, deep-sea 
fishing, abseiling and quad-biking- but there are also gentle 
back roads and the Hermanus Wine Route to explore.

WESTERN CAPE
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Safari

South Africa is one of the top safari destinations in the world 
offering a large number of private game reserves as well as 
being home to one of the biggest game reserves in the world, 
the acclaimed Kruger National Park. In addition to the Kruger 
National Park and the surrounding luxury Private Game 
Reserves, a wide selection of other Safari options are also 
available in the Eastern Cape, KwaZulu-Natal and Northern 
Cape areas.

Sun City
Only 2-hours drive from Johannesburg, Sun City is a vibrant mix 
of entertainment, watersports, golf, gambling and family fun – 
a lush and tropical fantasyland deep in the African bushveld. 
Renowned for its concerts and extravaganza’s, Sun City offers 
four different hotels to choose from, from affordable family fun 
to the height of luxury. This, combined with exhilarating game 
viewing at the adjacent Pilanesberg National Park makes for a 
truly memorable holiday experience. 

Luxury Trains

Luxury train journeys and holidays make for a different and 
exciting way to experience South Africa. From the romance 
of steam travel on Rovos Rail to an overnight stay on the 
legendary Blue Train there is no grander way to traverse the 
country. Premier Classe offers a more affordable option. 

KwaZulu-Natal 

Durban is one of the fastest-growing urban areas in the world. 
Its port is the busiest in South Africa and also one of the 10 
largest in the world. Durban is blessed with balmy weather all 
year round, and a beachfront bordered by 5-star hotels and 
apartments, making it a perfect holiday paradise. A short flight 
takes you to the historic city of Pietermaritzburg, gateway to 
the Natal Midlands and the charming Drakensberg resorts. 

Johannesburg

The city is affectionately known as “Jo’burg”, “Jozi” and “JHB” 
by South Africans. Johannesburg has not traditionally been 
known as a  tourist destination, but the city is a transit point 
for connecting flights to Cape Town, Durban, and the Kruger 
National Park. This vibrant and modern African city, offering 
excellent infrastructure, hotels and a melting pot of cultural 
experiences is well worth a visit. 

Eastern Cape

South Africa’s ‘wild’ province, the Eastern Cape features 
expanses of untouched beach, bush and forest. This was 
Nelson Mandela’s home province, and is an area with some 
enticing attractions – among them the Addo Elephant National 
Park, with the densest elephant population in the world; the 
dramatic Wild Coast; and, of course, Mandela’s home at Qunu.

SOUTH AFRICA

From the spectacular Victoria Falls on the Zambia/Zimbabwe 
border, considered by many to be among the 7 Natural Wonders 
of the World, to the Okavango Delta in Botswana, a vast wetland 
in the Kalahari desert, or the vast open spaces of Namibia, 
South Africa’s neighbours offer unforgettable tours for game 
viewing and just experiencing the wonders of unspoiled Africa. 
But if the bushveld holds no appeal, you can opt to visit instead 
an Indian Ocean island. Whether it’s the Seychelles with its 
stunning beaches or magical Mauritius with its pampered 

NEIGHBOURING COUNTRIES
five star luxury or the outdoor adventure and French culture 
of Reunion or the underwater coral reefs of the Bazaruto 
archipelago in Mozambique, all are easily in reach of South 
Africa as affordable and extraordinary tropical getaways. Not 
to be overlooked are South Africa’s tiny, landlocked neighbours, 
Swaziland, one of the few remaining executive monarchies 
in Africa, and Lesotho, aka The Mountain Kingdom, offering 
rugged landscapes and overwhelming friendliness. 

Subject to the particular need for congress or meeting, “Tours to scientific establishments, science teaching facilities and other 
related institutions can be arranged.

Scientific Tours
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