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China
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4Calorimeter R&D in China

•Calorimeter R&D for Chinese on-shore program 

•Circular Electron Positron Collider (CEPC) 

•Super Tau Charm Facility (STCF) 

•Electron-ion collider in China (EicC) 

•High Energy cosmic-Radiation Detection (HERD) in the future China’s Space Station (CSS) 

•Very Large Area Space Telescope (VLAST) 

•Chinese contributions to off-shore programs 

•CMS HGCAL 

•ALICE FoCal 

•LHCb SpaCal
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5CEPC Calorimeters R&D
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6Super Tau Charm Facility (STCF)
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7Super Tau Charm Facility (STCF)
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8Electron-ion collider in China (EicC)
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9Electron-ion collider in China (EicC)
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10High Energy cosmic-Radiation Detection (HERD) 
in the future China’s Space Station (CSS) 
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11Very Large Space Telescope (VLAST)Very Large Area Space Telescope (VLAST)

2024/5/14 21

• The Very Large Area Gamma Ray Space 
Telescope (VLAST) is the new generation of 
high-energy gamma ray astronomical 
observations

• Dark matter indirectly
• Time-domain Astronomy
• Study the generation, propagation, and interaction 

processes of cosmic rays;

• The area of Calorimeter is about 10 m2

• A high-granularity crystal calorimeter was 
proposed by USTC for VLAST
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12Chinese contributions to projects outside China
CMS High-Granularity Calorimeter Upgrade (HGCAL)

18

• CMS endcap calorimeters will be fully replaced by high granularity calorimeters
• To address technical challenges due to high pile-up and high radiation level

• CMS China involved with HGCAL silicon part
• Major contributions: silicon module assembly and QA/QC, sensor quality control
• R&D activities in China: large area silicon sensors (e.g. 6-inch full wafers) 

CMS HGCAL team in China:  IHEP, NNU, THU, ZJU

ALICE Forward Calorimeter (FoCal)

19

• ALICE FoCal: a new calorimeter 7m from IP, pseudo-rapidity 3.4 – 5.8
• ALICE China involved with FoCAL silicon pixel sensors (ALPIDE), readout electronics and 

module integration
• “Digital ECAL” technology with extreme high granularity
• Great separation power in photons and neutral pions in forward regions

ALICE FoCal team in China: CCNU, CIAE

LHCb Calorimeter Upgrade (SpaCal)

20

• LHCb ECAL Upgrade-2 R&D: to address high radiation and high pile-up
• New technologies: radiation hardness, o(10) ps timing resolution, finer transverse granularity, 

longitudinal segmentation
• LHCb ECAL teams in China: involved with SpaCal R&D activities

• Characterisations of crystal fibers (e.g. GAGG) on light output and timing performance, ECAL simulation 
and design optimisations, prototyping and beamtests

LHCb SpaCal team in China: PKU, SCNU, WHU
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Korea
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14Calorimeter R&D in Korea

•Significant Korean contributions to calorimeter R&D 

•Dual-Readout Calorimeter R&D for FCC-ee and CEPC 

•Barrel Imaging Calorimeter (BIC) for Electron-Ion Collider (US)
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15Dual-Readout Calorimeter R&D for FCC-ee and CEPC

•Test beam 2022 at CERN (SPS-H8)

•Test beam 2023 at CERN (PS-T9) 
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16Dual-Readout Calorimeter R&D for FCC-ee and CEPC

•Preparation for testbam 2024 at CERN (SPS-H8) 

•Bigger protype detector to measure the hadronic energy resolution 

•3x3 modules (totally 9 modules) based on skiving fin heatsink Cu forming 

•30cm×30cmx250cm 

•Detector assembly almost done
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17Dual-Readout Calorimeter R&D for FCC-ee and CEPC
•Copper Forming R&D•High Granularity Readout R&D

•Simulation studies
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18Barrel Imaging Calorimeter for Electron-Ion Collider (US)

•Korean BIC group aims to be responsible for 50% of the barrel ECAL construction and relevant R&D

Korean institutions for the BIC 

2

Pb/SciFi layers
with two-sided
SiPM readout

Silicon layers
with AstroPix
500x500 !"! pixel size
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19Barrel Imaging Calorimeter for Electron-Ion Collider (US)
•Silicon Layer Test & Assembly 

•Testbench with AstroPix v2 

•Testbeam with ALPIDE telescope 

•Simulation development for TDR 

•Chip test machine

•Pb/SciFi Layer R&D 

Activity & plan for the BIC

12

• Fiber attenuation measurement
– Comparison between single and double cladding

– Under development of automated process

• Prototype Pb/SciFi production

– A similar design to the GlueX prototype

– Under development of processing Pb layers

– Prototype can be used for further developing 
read-out box and testing with silicon layers

Activity & plan for the BIC

12

• Fiber attenuation measurement
– Comparison between single and double cladding

– Under development of automated process

• Prototype Pb/SciFi production

– A similar design to the GlueX prototype

– Under development of processing Pb layers

– Prototype can be used for further developing 
read-out box and testing with silicon layers

Fiber a_enua`on measurement

Pb layer prototype test and R&D

• Testbench with AstroPix v2
– Built a testbench and performed a basic operation 

with charge injection

• Testbeam with ALPIDE telescope
– 6 ALPIDE layers for reference tracks:

Excellent tracking with position resolution of 5 um

– DUT (AstroPix v3 or v4): 
Position resolution and hit efficiency

• Simulation development for TDR
– Detailed geometry implementation and performance 

study 

Activity & plan for the BIC

9

• Chip test machine
– Initial discussion with C-ON Tech and NOTICE

– Based on the design files of the single-chip carrier board 
of AstroPix v3, a probe card design will be started in 
April

– Plan to make a probe card for AstroPix chip as the exact 
dimension of ITS2 ALPIDE to utilize the probe station

• Testbench with AstroPix v2
– Built a testbench and performed a basic operation 

with charge injection

• Testbeam with ALPIDE telescope
– 6 ALPIDE layers for reference tracks:

Excellent tracking with position resolution of 5 um
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Activity & plan for the BIC
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Japan
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21Calorimeter R&D in Japan

•HEP 

•High-granularity calorimeters for future Higgs factories (ScW-ECAL, SiW-ECAL, AHCAL) 

•Flavor experiments (Belle II, KOTO, COMET, MEG II) 

•R&D for calorimeter with new technologies 

•NP 

•ALICE FoCal 

•ePIC ZDC at EIC
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22Calorimeter R&D for Higgs Factories

W. Ootani “CALICE High-granularity Calorimeters”, Third Interna7onal Workshop on the Extension Project for the J-PARC Hadron Experimental Facility, Mar. 15, 2023

6CALICE High-granularity Calorimeters 
for PFA Calorimetry

•R&D of PFA-based high granularity 
calorimeters coordinated by CALICE 
collaboration 

•Different technology options to realise PFA 
calorimeters

2.1. ILC Detector Research and Development

Figure I-2.1
Tree of electromagnetic
calorimeter technolo-
gies -ECAL- (left) and
hadron calorimeter
technologies -HCAL-
(right).

PFA CalorimeterPFA Calorimeter

ECALECAL HCALHCAL

TungstenTungsten
TungstenTungsten IronIron

Silicon Scintillator

analoganaloganalog digitaldigital analoganalog digitaldigital

MAPS Scintillator RPC GEM 
Micro

megas

and tertiary vertices depends on the impact parameter resolution and the track reconstruction
capability. These in turn are related to the single point resolution of the sensors, the location of the
first measurement, and the overall occupancy in the detector. To meet the ILC requirements this
leads to fine pitch, low-mass pixel vertex detectors as close to the interaction point as possible. The
material budget desired is about 0.1% X0 per layer for the vertex detector and less than 1% X0 per
layer for a silicon tracker. For a TPC the material budget is accumulated in the end plates and a
material budget of 30% X0 per endplate is the goal. The ILC concept detectors have not decided on
a baseline technology for the vertex detector and all technology options are considered common and
are described in more detail in the next section.

To achieve an ultra low-mass detector configuration, a unique feature of the ILC machine is
exploited. The ILC time structure results in collisions of bunches at the interaction point every 308 ns.
Bunch trains consisting of 2820 bunches in each beam pass through the interaction point five times
per second. Consequently, the bunch trains are about one millisecond long, separated by about 199
milliseconds. The detector can thus be put in a quiescent state for 199 out of 200 milliseconds at the
machine repetition rate of 5 Hz, since there are no interactions during this period. This is referred to
as “power-pulsing”. Allowing for transient times, to turn the detector “on and off” and starve the
system of power, power-pulsing could lead to an overall reduction in power consumption of nearly a
factor of hundred. This feature is employed by both detector concepts. One of the most significant
benefits of power-pulsing is that the vertex and tracking detector does not need active cooling. This
significantly lowers the overall mass budget for these detectors, which is crucial for obtaining the
required resolutions. It is expected that a heat load of about 20W for the barrel vertex detector can
be removed using forced convection with dry air.

The feasibility of power-pulsing has already been demonstrated for several technologies. System
tests at full magnetic field strengths and an evaluation of the mechanical stability under pulsed power
still need to be performed. Test are being planned by both detector concepts of detectors with
balanced load lines in high magnetic fields to measure the detector alignment stability.

2.1.2 Vertex Detector Technologies

Within the ILC many different pixel sensor technologies are being studied. Integration of the sensing
node with front-end signal processing circuitry in a single unit is a key characteristic shared by
many efforts. The aim is to go to very small pixel size for superior impact parameter resolution and
minimisation of pattern recognition ambiguities, ultra-thin detectors to minimise the material budget
and low power to eliminate the need for active cooling. The Monolithic Active Pixel Sensor (MAPS)
technology implements a high density matrix of pixels with signal processing circuitry on the same

Detectors: Detectors at the ILC:
Challenges, Coordination and R&D

ILC Technical Design Report: Volume 4, Part I 23

Si-ECAL Sc-ECAL AHCAL SDHCAL 
DHCALALICE FOCAL

common DAQ

SiW-ECAL prototype 
•Si-sensor (cell size 5×5mm2 ) 

•Analogue readout 

•Tungsten absorber 

•15 layers

ScW-ECAL prototype 
•Scintillator strips 

(  each)) 

•Analogue readout 

•Tungsten absorber 

•32 layers (24X0, 1λ)

45 × 5 × 2 mm3

adrian.irles@i%c.uv.es ECFA Detector R&D Roadmap TF6

7Sc-ECAL and SiW-ECAL CALICE prototypes

2.45x1.9x0.85mm³

The sensitive layer is composed of 210 plastic scintillator 
strips. The strip size is 
5 mm x 45 mm x 2 mm³. 
Each scintillator is coupled with a SiPM at
the bottom

Effective granularity of 5x5mm² 
(but with x10 less channels) → relevant for power 
consumption control

• 30 layers,  22cm*22cm

• 22X0

• 300 kg

• 6300 channels

SiW-ECAL
 15 layers 18×18 cm²
 0.5×0.5 cm² Si cells
 2.8+5.6 mm W (21 X0)
 100 kg, 0.4×0.4×80 cm³
 15k channels

Si-sensor

20 第 3章 シンチレータストリップの時間分解能測定

図 3.1 シンチレータストリップ 図 3.2 ディンプルのサイズ [18]

Tstrip と Ttrigger は、それぞれストリップとトリガーのヒット時間、σ(Tstrip −Ttrigger) はトリガーのふらつ
き (σ(Ttrigger))を含んだ時間分解能である。トリガーカウンターの時間分解能については、3.5節で説明する。

3.3 測定のセットアップ
SiPM が装着された PCB (Printed Circuit Board , 図 3.3(右))の上から、45mm のシンチレータストリップ

(図 3.3(左))のディンプルを被せるように乗せて固定した。ストリップの時間分解能測定のセットアップを図 3.4と
図 3.5 に示す。集光効率を上げるため、ストリップには反射材 (3M 社ESR2, 厚さ 32µm) を巻いた。ESR は可視
光領域で 98% 以上の反射率を持っている。ESR の加工はレーザー加工機で行い、手作業によりシンチレータに巻
きつけた。セットアップの最下部には図 3.11のトリガーカウンターを設置した。トリガーカウンターとしては大き
さ 5×5×5mm3 のシンチレータ (EJ-232)とMPPC (S14160-3050HS)をオプティカルセメントで接着したものを
使用した。トリガーカウンターのシンチレータ部分には、集光効率を上げるためにテフロンテープを巻いてある。
90Srからの β線が直径 1mm、深さ 3mmのコリメータでコリメートされ、ストリップとトリガーカウンターの両
方にヒットがあったイベントのみトリガーした。ストリップと PCBは可動ステージの上に固定されており、図 3.5
の XY平面で自由に移動させられるようになっている。SiPMからの出力信号は小さいため、アンプを使用して増
幅させた。アンプには Paul Scherrer Institute (PSI)で開発されたアンプを使用した (図 3.6)。アンプにはポールゼ
ロキャンセレーション回路が実装されており、可変抵抗の値を変えることで、周波数の遅い成分を除去し、波形を
シェーピングすることができる。本測定ではアンプのゲインが 34倍になるよう可変抵抗を調節し、波形シェーピン
グを行った。DAQ には PSI で開発された DRS (Domino Ring Sampling) Chip と呼ばれる高速波形デジタイザー
を使用した。図 3.7は DRSの概略図である。DRSには 1024個の電圧をサンプリングするコンデンサーセルが内
臓されており、インバータ遅延回路を高速で周回するサンプリング信号は個々のセルに記憶される。トリガー信号
が入力されると、サンプリング信号の周回が止まり、コンデンサに蓄積された電荷がシフトレジスタを通してドミ
ノ式に出力されていく。DRSは、1つのボードあたり 4chまでの信号読み出しが可能である。DRSの最大サンプ

Scin,llator strip

SiPM in dimple

High-granularity calorimeter for par,cle flow

Japanese contribu,ons

Tokyo, KEK, Shinshu Talk by  T. Murata
CALICE DRD-Calo
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Liquid xenon (LXe) calorimeter
4

900 L liquid xenon 

• High stopping power (  = 2.8 cm) 

• High light yield (46,000 photons/MeV) 

• Fast response (45 ns decay time)

X0

MPPCs

PMTs

4,760 VUV-sensitive photosensors 
4,092 MPPCs + 668 PMTs

1.5 x 1.5 cm

2 inch

K. Ieki, et al., Nucl. Instru. Meth. A 925 (2019), 148-155

γ

×

EM shower

Scintillation photons

Fig. 2. Schematic view of the StrECal system consisting of straw tube tracker (Str) and electromagnetic
calorimeter (ECal). Electrons converted from muons in the muon target pass through the “C” shape solenoid,
and those electrons are detected in the StrECal system.

Fig. 3. Schematic view of the straw tube tracker. The tracker consists of 5 stations (left). Each station consists
of 4 straw tube layers (center, right).

2.2 Straw Tube Tracker
The straw tube tracker consists of 5 tracker stations. Each station consists of 4 straw tube layers;

x1 and x2 for measuring the x-coordinate and y1 and y2 for measuring y-coordinate, respectively. Each
layers are staggered by half a straw diameter to solve the left-right ambiguities. The straw tube is com-
posed of Mylar film with aluminum depositions and tungsten anode wire. The diameter, length, and
thickness of the tube are 9.75 mm, 0.6−1.1 m, and 20 µm, respectively. Fig. 3 shows the schematic
view of the straw tube tracker. The tubes are constructed with new straight adhesion method, which
is enabled by ultrasonic welding method for the tubes [6]. Using this method, amount of material
dominated by the straw wall can be reduced. Development of 20 µm thickness tube was done suc-
cessfully and all the straws for Phase-I (>2400) were already constructed. Furthermore, we have tried
to develop thinner one with the thickness of 12 µm in parallel, which is expected to improve the
position resolution by about 20%. A gas mixture of Ar and C2H6 (50 : 50) is supposed to be adopted
for the standard gas of the straw tracker. This gas properties are well-known and it is assumed that
the required spatial resolution can be achieved easily by small Lorenz angle, small diffusion coeffi-
cient, and an enough saturated drift velocity in magnetic field. Utilizing 20 µm thickness tubes, we
developed a prototype chamber. Performance test using the prototype chamber was already done, and
an adequate position resolution better than 150 µm was realized. The results satisfied our require-
ment [7, 8]. Based on the results from the tests of the prototype chamber, design and construction of
the production version chamber is ongoing. Fig. 4 (a) shows the schematic view of the production
version of the chamber. Inner structure of the chamber and the end-plugs of the straw were already

3■■■

011122-3JPS Conf. Proc. , 011122 (2021)33

Proceedings of the 3rd J-PARC Symposium (J-PARC2019)
Downloaded from journals.jps.jp by 東京大学 on 05/16/24

2.3 Electromagnetic Calorimeter
The electromagnetic calorimeter (ECal) is located downstream of the straw tracker and the de-

tector solenoid surface is paved with the ECal as shown in Fig. 6 (a). Based on the requirements,
highly-segmented calorimeters with a first response time are needed, then we plan to use inorganic
scintillator crystals. After the selection of the crystals, LYSO was adopted to achieve the required
energy resolution. In order to satisfy the requirement of position resolution, the crystal size was de-
termined to be 2 cm × 2 cm (Fig. 6 (b)). Since the ECal is located in a 1 T magnetic field, an avalanche
photo diode (APD) is suited for this application and adopted (Fig. 6 (c)). The signal from the APD
is amplified and then divided into two lines by the preamp-card we developed. One is used for the
trigger via the discriminator. The other is sent to waveform digitizer to measure the energy of particle
with pileup rejection. Prototype with 7×7 crystals of LYSO was developed as shown in Fig. 6 (d) and
evaluation was almost done. For the construction of the production version of ECal, establishment
of assembly and quality assurance scheme is ongoing. Design of support structure for ECal is also
ongoing.

Fig. 6. (a) Schematic view of the electromagnetic calorimeter (ECal), (b) photograph of 2 cm × 2 cm LYSO
crystal, (c) photograph of the APD, and (d) photograph of the prototype with 7×7 crystals of LYSO.

As the waveform digitizer, own read out electronics is also under development, which is named
EROS. The EROS has the same function as ROESTI except for preamplification. We have already
developed the prototype of the EROS as shown in Fig. 7 and performance evaluation using the pro-
totype has been done. It was confirmed that the performance satisfied our requirements. Based on the
result, design of the final version of EROS is ongoing.

Fig. 7. Photograph of ECal read out board, EROS.

5■■■
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MEG II ( )μ → eγ COMET ( )μN → eN
StrECal

Talk by K. Yamamoto

MEG III?
Phase I Phase II
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CHARGED PARTICLE IDENTIFICATION USING CALORIMETRY AND TRACKING AT THE BELLE II EXPERIMENT
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Abstract

Particle identification (PID) is a critical procedure carried out in high energy physics
experiments in search of new physics. When particles of matter (i.e., an electron)
and antimatter (i.e., a positron) collide, new types of particles may form given certain
conditions. Such particles may be classified as hadrons–which feel the strong nu-
clear force–and leptons–which do not. Identifying particles at the Belle II experiment
is done by combining the measurement of energy deposited in the calorimeter with
the measurement of track momentum in the tracker. In a tau lepton (⌧ ) decay sam-
ple, particles such as electrons, muons, and pions may be separated and identified
using such measurements.

The Belle II Detector

Elementary particles in the Belle II experiment are created as a result of colliding
an electron and a positron at nearly the speed of light. Both the electron and the
positron are said to be annihilated, meaning that these particles are destroyed
and new particles are produced. As energy and momentum are conserved in this
annihilation, any leptons and hadrons that are produced will have a unique value
of energy and momentum, and the sum of all these energies and momenta will be
equal to that of the initial electron-positron collision.

These quantities are measured using the Belle II experiment’s detector. Each
particle produced by the annihilation would follow its own path at its own speed with
its own energy. However, because the number of particles produced per collision
differs and owing to the presence of invisible particles such as neutrinos, there is
great variability in the momentum and energies each visible particle may possess.
As such, the detector needs to be able to track a particle’s speed, path, and energy
to a high precision, and must be able to measure them for millions of events. The
Belle II detector is built of several components to measure such quantities [1].

• Closest to the point of collision (the vertex) are several layers of silicon detectors.
These detectors record the path newly formed charged particles take. These are
labeled as PXD and SVD in Figure 1.

• Outside the silicon detectors is the central drift chamber [2]. The trajectory of parti-
cles is tracked within a magnetic field. The radius of curvature and the magnetic field
strength is known, so momentum of the charged track is derived. This is labeled as
CDC in Figure 1.

• Surrounding the central drift chamber are two Cherenkov counters. Particle veloci-
ties are tracked in these counters, labeled as TOP and ARICH in Figure 1.

• An electromagnetic calorimeter measures and absorbs all energy of emitted photons
and electrons [3]. This is labeled as ECL in Figure 1.

• The largest and outermost detector identifies particles with long lifetimes, such as
muons, which pass through the entire length of the detector. This is labeled as KLM
in Figure 1.

Fig. 1: The Belle II detector with labeled components.

Particle Identification

There are methods in which the mass of a particle can be calculated indirectly from these
quantities, however the data on individual particles may vary by considerably large amounts
due to detector resolution. As a result, PID must be approached by means of likelihood.

Likelihood probability is used in particle detection in order to distinguish groups of particles
based on unique, predicted, past trends. It is important to consider all relevant likelihood
values depending on the detectors in which the particles pass through.

While there are certain methods used for likelihoods in the KLM and Cherenkov counters,
it is outside the scope of this presentation and will not be covered. Instead, there will be a
focus primarily on the ECL and CDC for energy and track measurement, respectively.

Let p be the the momentum of a charged particle reconstructed as tracks in the CDC (a
virtual image of the tracker is provided in Figure 2). And let E be the energy deposited
into the calorimeter (a photograph of the calorimeter is provided in Figure 3). E/p would
then be the energy of a particle per unit momentum, and is an effective quantity in PID for
its highly distinguishable likelihood values of particles. From an accumulation of measured
E/p values, likelihood may be measured relatively and particles may be identified.

Fig. 2: The solenoid magnet of the Belle II detector, which measures
momentum through tracking a decayed particle’s path within a 1.2-1.5T

magnetic field.

Fig. 3: A detector crystal of the electromagnetic calorimeter of the Belle II
detector.

Following the electron-positron collision, ⌧ leptons may be produced, which can quickly
decay into electrons, muons, and pions. Measuring the E/p of the visible daughters of a ⌧
decay may be used in separating decayed particles from each other.

By accumulating several thousand events which contain information from different particle
decays, the variety in recorded E/p values may create a probability distribution. A sample
of E/p from visible daughters of ⌧ decays is given in Figure 4, and is further explained in
the next section.

⌧ particles are produced in pairs in electron-positron annihilations. For this study, we choose
an event sample where a ⌧+ always decays into a positive pion, ⇡+ and the ⌧� is allowed to
decay into either an electron, e�, or a negative muon, µ�, each with a probability of 50%. To
distinguish between e�, µ�, and ⇡+, a probability density function over E/p may be used;
and by evaluating relative likelihoods, decayed particles may be identified.

E/p Distribution

Figure 4 shows distribution of the variable E/p for particles ⇡+, µ�, and e�

obtained from decays of ⌧�⌧+ events. These ⌧ -pairs were the product of
the initial e� and positron (e+) annihilation. The process e�e+ ! ⌧�⌧+ was
simulated with the use of Monte Carlo truth information in the Belle II software
environment, and the data created is based on the geometry of the Belle II
detector. 50,000 events of ⌧�⌧+ decays were used.

For the E/p measurement, the graphs that have been plotted have been
normalized to unit area. Hence, the graphs represent the probability density
function for different types of particles. While separation of particles is not
possible over the entire range of E/p, there are regions which are dominated by
certain particles. These regions define the identity of such particles.

In Figure 4,

• for 0.8 < E/p < 1.1 the spectrum is dominated by e�,

• for 0.4 < E/p < 0.6 it is dominated by ⇡+, and

• for 0.1 < E/p < 0.2 the µ� dominates.

The characteristics of these E/p regions distinguish ⇡+, µ�, and e� in ⌧ -pair
decays. Note that for other regions of the E/p spectrum, the signature of e�, µ�

and ⇡+ starts to overlap. In such regions, the E/p likelihood becomes less ef-
fective and likelihoods of other measurements are used for particle identification.

Fig. 4: Probability functions of ⌧ decay samples are plotted over
E/p measurements of decayed particles.
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equipped with calibration inputs for signal feeding
from the pulse generator.

3. CALORIMETER ELECTRONICS

The calorimeter electronics circuit is shown in
Fig. 3. The signal from the preamplifiers is fed to the
input of ShaperDSP module, which is responsible for
summing the signals from two preamplifiers of one
counter, for pulse shaping, for continuous digitization
and analysis of a waveform. The summed signal from
a counter is divided into two channels: the spectromet-
ric and the trigger channels. The signal in the spectro-
metric channel is shaped with the time constant of τ =
0.5 µs, digitized continuously with a 0.5-µs clock
interval by 18-bit ADC and then analyzed with Xilinx

Saprtan-6 field-programmable gate array (FPGA
resources). The analysis includes the approximation of
a waveform in real time by the specified function.
Because of the approximation, the amplitude and the
arrival time of the signal is defined with respect to the
trigger time arrival. The measured amplitude and
arrival time of the signals from all channels of the
boards in one VME crate are transmitted to the special
ECLCollector module, which compresses the data
and transfers them into the data collection system of
the detector by optical link.

The summation of signals from all counters con-
nected to the module and its subsequent formation
with the time constant of 200 ns is carried out in the
trigger channel. The summed signal from the output of
the trigger channel of the ShaperDSP modules is fed

Fig. 2. The schematic design of electromagnetic calorimeter of Belle-II detector.
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25Calorimeter with New Technologies

Taikan Suehara,測定器開発テストビームライン研究会, 4 Apr. 2024  page 6

Various structures of LGADs

Reach-through LGAD Inverse LGAD (single sided)
• The same structure as reverse APD
• Current structure has 5-10 µm active thickness

(confirmed with ion injection)
 too thin (limited by the production process)

• Intrinsically low Landau Fluctuation
• Relatively flat multiplication expected (tbc)
• Lower cross talk than AC-LGAD expected (tbc)

AC LGAD: AC-coupled electrodes
with planar gain layer: good for strips
Rather big crosstalk to neighbor channels

• Standard structure well investigated
• Resolution limited to 30 psec
• Issue: inactive region

between channels  AC-LGAD / inverse

Monolithic LGAD
with SiGe processW. Ootani  “Development of High-Granularity Dual-Readout Calorimeter with psec Timing”, CALICE Collaboration, University of Göttingen,  Mar. 31st, 2023

3Overview of Research Plan 
How to Combine High-granularity and Dual-readout with Excellent Timing

Fast timing front-end electronics 

Prototyping and beam test at FTBF   

Simulation and analysis tools 

Demonstrate performance of proposed calorimeter technology

Dual-readout

Cherenkov radiator + UV-GasPM 
•High-granularity readout 
•psec timing 
•Low-cost 

Cherenkov detector
SiPM-on-strip technology 

•High-granularity 
• low-cost

Scintillation detectorCherenkov

ScinJllaJon

High-granularity dual-readout 
calorimeter with psec ,ming

LGAD for Calorimeter

Taikan Suehara,測定器開発テストビームライン研究会, 4 Apr. 2024  page 13

Average waveform
Averaging 500-4000 waveforms
• Horizontal axis aligned at

50% amplitude (at 250)
• Anti-coincidence applied

• To keep independent
from analysis sample

• Average spectrum after
normalizing maximum to 1
• Then noise is also amplified

• Having problem on ch2 pedestal

• Structure seen in pedestal
• Synchronized noise?

• The big noise at >500 is
induced by beam injectionx 100 psec

Slope (/10psec)
ch1  0.018188   +/- 0.000117747
ch2  0.018272   +/- 0.00020824
ch3  0.0219121   +/- 0.000202366
ch4  0.0212952   +/- 0.000188878

Beam test at KEK ARTBL

Talks by T. Kamiyama 
Posters by  W. Li, H. Ogawa

UTokyo
UTokyo

Cherenkov detector with 
RPC-based gasPM

Scin`llator strip detector 

Simula`on study
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26Forward LHC (FoCal) FoCal-E  
(pad, pixel)

FoCal-H

Collision	Point	(IP2)

Hadronic	Calorimeter
Electromagnetic	Calorimeter

z	=	7	m

3.4 < η < 5.8
η = − ln(tan(θ/2))

Main Observables: 
• π0 (and other neutral mesons)  

• Isolated (direct) photons

• Jets (and di-jets)

• Correlations

• J/Ψ, UPCFoCal (LoI) : CERN-LHCC-2020-009

- Forward Calorimeter

- LHC ALICE, √sNN = 8.8 TeV, pp, pA


- Non-linear QCD evolution, Color 
glass condensate, initial stages of 
Quark Gluon Plasma (QGP)


- Physics in LHC Run 4 (2029-2032)


- TDR approved by LHCC on 
March 2024

* T. Chujo (FoCal co-project leader, E-pad rep.)
Courtesy of T. Chujo

http://cds.cern.ch/record/2719928
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ALICE FoCal Japan

๏ Univ. of Tsukuba
๏ Tsukuba Univ. of Tech
๏ RIKEN
๏ Hiroshima Univ.
๏ Nara Women’s Univ.
๏ Saga Univ.
๏ Nagasaki Inst. of App. 

Sciences
๏ Kumamoto Univ.

8 institute, 25 members

Responsibilities:  
(1) FoCal-E pad, (2)readout and trigger

arXiv:2311.07413

Longitudinal shower profiles

Courtesy of T. Chujo

https://arxiv.org/abs/2311.07413
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28ePIC ZDC at EIC

ZDC at around z = +35 m


Aperture: ~ 4 mrad


Available space: 60 x 60 x 200 cm

ePIC-ZDC collaboration in Japan


- RIKEN, Tsukuba, Tsukuba Tech, 
Shinshu, Kobe


- First test beam with Taiwan group at 
ELPH, Tohoku Univ. on March 2024. Courtesy of T. Chujo
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29ePIC ZDC prototype test @ ELPH (2024.03)

LYSO crystal with SiPM readout

Hit map of LYSO crystal 
calorimeter from online monitoring

* Collaboration with Taiwan and Korea groups 

Courtesy of T. Chujo
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Courtesy of K. Hanagaki (KEK)

New Test Beam Line

•New detector R&D center (ITDC) 
has been established 

•Technology development platforms 
(sensor, electronics, cryogenics, 
mechanics)

New KEK initiative for detector R&D
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31New Test Beam Line

Courtesy of K. Hanagaki (KEK)
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32Summary

•No summary. Too heterogeneous to summarise. 

•There are many calorimeter R&Ds in both on-shore and off-shore programs, including collaborative efforts in Asia, also 

with Europe and the US.


