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Calorimeter R&D in China (©

e Calorimeter R&D for Chinese on-shore program
e Circular Electron Positron Collider (CEPC)
e Super Tau Charm Facility (STCF)
e Electron-ion collider in China (EicC)

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

e\ery Large Area Space Telescope (VLAST)

e Chinese contributions to off-shore programs
eCMS HGCAL
e ALICE FoCal
o HCb SpaCal
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CEPC Calorimeters R&D (s)

- High-granularity scintillator calorimeters Highly granular aystal calorimeter

« Tec n,ologi?al protot¥lpes based on scintillator » Aim for 2~3%/VE EM energy resolution
and SIPM of EM and hadron calorimeters . . Cetr e .
. %CﬁeSngl bgamtest campaigns at CERN in Hadron calorimeter with scintillating glass tiles
22-2023: decent data sets = Aim for 2-3% EM energy resolution

* Ongoing data analysis: performance, PID, etc. Both optimized for particle-flow paradigm
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CEPC calorimeter working group = B
China: IHEP, SJTU, USTC; Japan: Shinshu U., U. Tokyo
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Super Tau Charm Facility (STCF) (e
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STCF Physics and
Detector CDR has been

released and published
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STCF can produce an enormous
amount of “clean” tau leptons
and charm hadrons, allowing a
full exploration of the unique
and great physics potential iIn
the tau-charm energy region:
QCD, exotic hadrons, flavor
physics and CPV, new physics:--

* 14th five-year plan (2021-2025): Design studies and R&D on key technologies, ~0.4 B CNY
* 15th five-year plan (2026-2030): Construction to start during this period, ~6 years, ~4.5 B CNY
* Operating for 15 years to be followed by major upgrades

e £..=2-7 GeV, £ >0.5x10%° cm 2?5 -1
* Potential for luminosity upgrade and a polarized electron beam
* Site: Suburban "Future Big Science City” in Hefei
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Super Tau Charm Facility (STCF) (7

Muon Detector Magnet Electromagnetic Calorimeter - Homogeneous calorimeter

g%;’%gﬂ%&,] e || BFREEk rﬁﬁﬁiﬁﬁ%ﬁ * Crystal: pure Csl with size of ~5x5x28 cm3

NS

* Photon detector: large area APD

* Electronics: charged sensitive amplifier and
waveform sampling

* Intensive R&D on pCsl unit and

~6m readout electronics at USTC

K FE53%
SN2 FRAR T S8 Particle Identification Detector

Inner Tracker | MiZENzE Central Tracker

~7m

* Building a 5+5 pCsl| ECAL prototype

» STCF ECAL Requirements with full electronics and plan to test

. _ the integrated system with high
» High Counting Rate
» About 1 MHZ background event rate

energy electrons at CERN this

summer.

» Good Energy Resolution
> Better than 2.5% @ 1GeV

» Good Time Resolution
» 300 ps @ 1 GeV
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Electron-ion collider in China (EicC)

HIAF in Huizhou city, Guangdong

» Based on High Intensity heavy-ion
Province

Accelerator Facility (HIAF), at HuiZhou

L e-injector )

Flectron lon Collider in China

................................................ High Intensity heavy-ion Accelerator Facility

[Figure by EicC Accelerator WG]

> Election beams 3.5 GeV. polrizaton ~ §0% - Sl ety wmive g sl
» Proton beam: 20 GeV, polarization ~ 70% physics, heavy-ion applications ...

> Luminosity: = 2 x 103 cm? - 5! » Open to scientists all over the world

» Other available polarized ion beams: d, *He"™" » Provide intense beams of primary and

> Available unpolarized ion beams: 7Li3*, 12C®*, 40Ca20*, 197 Ay7+, 208pp82+, 2381792+ radioactive ions

» Beam commissioning 1s planned in 2025
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Electron-ion collider in China (EicC)

Conceptual Design of the EicC Detector

Silicon+tMPGD

Ultra small angle

Small angle forward detector

forward detector
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Central detector installation region

Far forward detector i .
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Csl
module

e-endcap
Parameter value
Distance to IP 1.5 m
1 acceptance (-3, -1)
Inner radius 15 cm
Outer radius 128 ecm
length 30 cm
Radiation length 16 Xg
Front size 4x4 cm?
Rear size 4.8x4.8 em?
Photon detector APD
Total modules ~2700

ECal design

v

Shashlik module

Parameter
Distance to IP

7) acceptance
length

Radiation length
Moliére radius
Front size

Rear size

N layers
Scintillator thickness
Lead thickness

Reflector thickness

/ Sampling ratio

Inner radius
Outer radius

N fibers(front)
Photon detector

Total modules

Barrel Ion-Endcap
24 m
(1.5, 3)

60 cm

16 X

5.02 cm

(-1, 1.5)

4x4 em?
5.7x5.7 cm?  4.7x4.7 cm?
240
1.5 mm
0.35 mm

0.065 mm

0.33
90 cm 24 cm
150 cm 113 cm
16
6x6 mm? SiPM
~8000 ~2300
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A detector concept for the EicC HCAL
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High Energy cosmic-Radiation Detection (HERD)
in the future China’s Space Station (CSS)

Silicon Charge Detector

Plastic Scintillator Detector

Fiber Tracker

Transition Radiation Detector

Calonmeter

Crystal Array

CALO is made of about /500 LYSO cubes arranged into an octagonal prism, which corresponds to trom all directions 55
radiation lengths and 3 Nuclear Interaction Lengths. Large statistics of cosmic rays up to PeV energy is then feasible, and high
energy resofution of high energy particles is also guaranteed. Lach crystal has a side length of 3 ¢m and the space in between
crystals is strictly limited for a betler enerQy reconstruction.

The High Energy cosmic-Radiation Detection (HERD) facility has been proposed as one of

several space astronomy payloads onboard the future China’s Space Station (CSS), planned for \\\\\\\\\

NN

operation starting around 2027 for about 10 years. The primary scientific objectives of HERD '\'._
are: Indirect dark matter search with unprecedented sensitivity; precise cosmic ray spectrum
and composition measurements up to the knee energy; Gamma-ray monitoring and full sky

survey.

Each crystal is readout by two wavelength shifting fibers on both ends. The four fiber ends, acting as a low range fiber, a high
range fiber and two trigger fibers, are routed to a low range intensified sCMOS (IsCMOS) camera, a high range IsCMOS camera,
and two trigger systems, respectively.
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Very Large Space Telescope (VLAST) (1)

Silicon Tracker and low Energy Wavelength _Sh!ﬂer Fiber
g = - = (ohoetve S W T
S = .
o Th V y L g A G R y Sp Silicon Tracker and low Energy X ' - _g?"‘”:s?i:mm -
e Very Large Area Gamma Ray Space i e
. . (2 Layers )
Telescope (VLAST) is the new generation of mmmmm
Calorimeter \ ——  BGO Crystal(X)
. " SEEENENEE BGO Crystal(Y)
high-energy gamma ray astronomical payiosd Dat Maniger 8 E——
- \Front—end Readout Electronics

High Voltage Power

observations
« Dark matter indirectly
* Time-domain Astronomy

» Study the generation, propagation, and interaction
processes of cosmic rays;

Thermal Blanket

Anti Coincidence Detector

 The area of Calorimeter is about 10 m?

* A high-granularity crystal calorimeter was
proposed by USTC for VLAST
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Chinese contributions to projects outside China

CMS High-Granularity Calorimeter Upgrade (HGCAL) ALICE Forward Calorimeter (FoCal)
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* CMS endcap calorimeters will be fully replaced by high granularity calorimeters o .;:::.. i
@ ]
» To address technical challenges due to high pile-up and high radiation level v .‘.‘.‘g‘.‘.‘.:,*. - » . o
« CMS China involved with HGCAL silicon part . S 886 ?"of,:.o:o:o:o;°.‘ . * ALICE FoCal: a new calorimeter 7m from IP, pseudo-rapidity 3.4 — 5.8
86 ¢ /000068 Ls . . . : :
 Major contributions: silicon module assembly and QA/QC, sensor quality control : {a‘& ------- < ~.:{.:‘:. * ALICE China involved with FOCAL silicon pixel sensors (ALPIDE), readout electronics and
L/ “%Q;; \.':«\. . i i
* R&D activities in China: large area silicon sensors (e.g. 6-inch full wafers) N 'o“‘.o & -ﬁ:‘«i‘u‘?zﬂ‘.t‘o' moo!lulle-mtegra"flon _ _ )
. ‘..o‘o:‘wf;a‘a:&o‘o.' i » “Digital ECAL” technology with extreme high granularity
" “.‘.%?5‘_‘.% | * Great separation power in photons and neutral pions in forward regions
CMS HGCAL team in China: IHEP, NNU, THU, ZJU S . .
18 ALICE FoCal team in China: CCNU, CIAE

19

LHCb Calorimeter Upgrade (SpaCal)

Occupancy, front section, E_ > 25 MeV

¥ fem]
Y [mm]

1 scintillator = mirror
I absorber light guide

e ===

| |
front back ‘h u
—3» Beam direction AT [ns]
 LHCb ECAL Upgrade-2 R&D: to address high radiation and high pile-up
* New technologies: radiation hardness, 0(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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Calorimeter R&D in Korea

eSignificant Korean contributions to calorimeter R&D
e Dual-Readout Calorimeter R&D for FCC-ee and CEPC

eBarrel Imaging Calorimeter (BIC) for Electron-lon Collider (US)
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Dual-Readout Calorimeter R&D for FCC-ee and CEPC (1)

0.16
e Test beam 2022 at CERN (SPS-HS8) I
. . § ’ E
e Two full-size (2.5 m length) modules are newly built by @ 012f
Korean group " -
* R&D applications: various optical fibers, high granularity by =
SiPM, new DAQ system for fast time resolution, etc. 0.08 [
* Test-beam experiment at CERN (August) with 13 | 008 T oeomE o
institutions, 34 participants (including 23 students) & - X*/NDF : 1.807/1
) | AT 0 e
iAn S = '-J;.411§-.{/(;LDA('):11:192?413?,11~01014?11;l;;xl11 Lo g b iq 0
0.22 0.2 0.18 0.16 0.14
1/\/E
e Test beam 2023 at CERN (PS-T9)
 Built small prototype calorimeter
modules - - i b5 ,
* 50 cm long, 30 kg for low energy test WL e —— ' | ’ 045 & — G g T 00005 20,0038
* A lot of improvements for the experimental 0.4 R ; J 5 a0z 00 . oo 0000
setup compared to 2022 test-beam L O S, .S . 9 4_ )
- : e % Sum : 0.1534 1 0.0038 / E « .0084 : 0.0024
* R&D applications: high granularity readout L D e = Rl |
(MCP-PMT), three different Cu forming T . bS5 ; |
(lego-like, 3D printing, Skiving fin heatsink) sak . R Y | .
E ‘\\ \b.\ .
o o '-"'.":__-_. oy
* Test-beam experiment ) T B I S~ S
at CERN (July) with 008 |
[ [ . -
6 institutions, 20 B " T I
1/VE [GeV ')

participants
(including 15 students)
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Dual-Readout Calorimeter R&D for FCC-ee and CEPC

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

e Bigger protype detector to measure the hadronic energy resolution

¢ 3x3 modules (totally 9 modules) based on skiving fin heatsink Cu forming
¢ 30cmx30cmx250cm

e Detector assembly almost done

* Readout frame and mechanical supporter design under discussion

Same DAQ systems used Leakage counters
R\l for TB 2022 and 2023
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Dual-Readout Calorimeter R&D for FCC-ee and CEPC

eHigh Granularity Readout R&D e Copper Forming R&D
* Test two options for high granularity readout: SiPM vs. MCP-PMT

e mimie  mémoie * Test various Cu forming for engineering solution of mass production

Scintillation Cerenkov Scintillation Cerenkov Scintillation Cerenkov * With experts from local industry and mechanical engineering =
riin
channels 200 200 50 50 64 64 — 9
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MCPPMT Hitmap (Front view)

2023 TB

-----------

S"‘l.f;mm,_j

(
o A ...
iy

-

Y. "
FrrrErTTY Y
W

3 \ =\

1mm 1mm  0.5mm —
O Scintillating fiber — P e -

O Cerenkov fiber

. Copper

0.5m

1

LA AAAAAAA P EERRLL L L L
22D BDPPPPPPRPPRI NI I I NN

Structure of 3D-Printed Module 45mm (pin to pin)

e Simulation studies

Energy & position resolution Comparison of Absorber types
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Barrel Imaging Calorimeter for Electron-lon Collider (US)

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

Korean institutions for the BIC

AstroPix: silicon
sensor with
500x500um? pixel
size developed for

Argonne National =~ NASA Goddard Space Oklahome State University of " Universsity Ofc the Amego-X NASA
Laborat Fliaht Cent i it C ticut alifornia Santa Cruz . i
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Barrel Imaging Calorimeter for Electron-lon Collider (US)

eSilicon Layer Test & Assembly ePb/SciFi Layer R&D

e Testbench with AstroPix v2 Fiber attenuation measurement

® | Single Cladding (45V 32 Gain)

= 800 | X/ ndf 14.62/13
== = - 3 L \ i Prob 0.3317
o F p0 6.434
External Trigger Line (14ns) 2 550 - 1Pt -0.1869
g f : ]
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500 |—ssomrrinasens O o b s it i ]
Apply LV Apply LV+HV Apply LV+HV, FPGA board ON L i 1
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400 — £ PE—— ]
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e Chip test machine e
3m length, Tmm diameter sC DC
Avg. 519 m 4.87m
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Pb layer prototype test and R&D

w an

el ar omr N7

AstroPind-

-

Sntenans

-

J. Liu, H. Yoo, W. Ootani, “Asian Perspectives”, CALOR2024, May 21st, 2024



Japan

J. Liu, H. Yoo, W. Ootani, “Asian Perspectives”, CALOR2024, May 21st, 2024



Calorimeter R&D in Japan <)

eHEP

e High-granularity calorimeters for future Higgs factories (ScCW-ECAL, SiW-ECAL, AHCAL)
e Flavor experiments (Belle I, KOTO, COMET, MEG II)

e R&D for calorimeter with new technologies

oeNP
e ALICE FoCal
ecPIC ZDC at EIC
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Calorimeter R&D for Higgs Factories (z2)

ScW-ECAL prototype
SIW-ECAL prototype e Scintillator strips
High-granularity calorimeter for particle flow e Si-sensor (cell size 5x5mm? ) (45 x 5 x 2 mm? each))
~- e Analogue readout e Analogue readout
mlorimil CAE@Q e Tungsten absorber e Tungsten absorber
+ e 15 layers e 32 layers (24Xo, 1\)

: At |
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E Japanese contributions

""" CALICE=pDRD-Calo

Tokyo, KEK, Shinshu

Talk by T. Murata
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Flavor Experiments (=)
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Beam Collimator Muon Target Disks
Beam Blocker
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Talk by K. Yamamoto

Liquid xenon (LXe) calorimeter

900 L liguid xenon
X ° High stopping power (X, = 2.8 cm)

i . 4,760 VUV-sensitive photosensors

4,092 MPPCs + 668 PMTs e High light yield (46,000 photons/MeV)
e Fastresponse (45 ns decay time)

Muon-Target Solenoid k

| | i ]
|
Sl W Vel

Detector Slenoid

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

i

Kensuke Yamamoto 20th International Conference on Calorimetry in Particle Physics 23 May 2024

Fig. 6. (a) Schematic view of the electromagnetic calorimeter (ECal), (b) photograph of 2 cm X 2 cm LYSO
* M EG I I I 7 crystal, (c) photograph of the APD, and (d) photograph of the prototype with 7x7 crystals of LYSO.
([

Phase| =9» Phase
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Flavor Experiments
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Calorimeter with New Technologies

High-granularity dual-readout

calorimeter with psec timing

Dual-readout

Cherenkov detector

High-granularity
psec timing

Cherenkov

Scintillation

Cherenkov detector with

UTokyo

Scintillation detector

High-granularity

Scintillator strip detector

double SiPM EJ200

LGAD for Calorimeter

P* Strip

Multiplication

Bulk (inactive)

N#

Inverse LGAD (single sided)

The same structure as reverse APD

Current structure has 5-10 um active thickness
(confirmed with ion injection)

—> too thin (limited by the production process)
Intrinsically low Landau Fluctuation

UTokyo

RPC-based gasPM 3 5T T 77T 7" Enough lightyield near Relatively flat multiplication expected (tbc)
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Forward LHC (FoCal) FoCal-H FoCal-E
Hadronic Calorimeter (pad, p|Xe|)

Electromagnetic Calorimeter

o Y e e
Tt o e e e e

et
o

— X

R

. o
S ——

= Forward Calorimeter
- LHC ALICE, /snn = 8.8 TeV, pp, pA

Collision Point (IP2)

=~ Non-linear QCD evolution, Color

glass condensate, initial stages of
Quark Gluon Plasma (QGP)

Main Observables:

e 110
= Physics in LHC Run 4 (2029-2032) . EOEZ’:‘: do(g:reercr,:)e ;LFCE)I:OTSSOHS)

= TDR approved by LHCC on « Jets (and di-jets)
March 2024 - 34<n<5.8 » Correlations

FoCal (Lol) : CERN-LHCC-2020-009 n = — In(tan(6/2)) » J/W, UPC

Courtesy of T. Chujo
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http://cds.cern.ch/record/2719928

ALICE FoCal Japan

ALICE
Responsibilities:

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

e Univ. of Tsukuba 8 institute, 25 members
e Tsukuba Univ. of Tech
® RIKEN %%% L EITAEA
« Hiroshima Univ. y ( namaxe
%ﬁjgﬁiw Tsukuba University of Technology - %7(
, .
e Nara Women'’s Univ. ‘,.ﬂ%m s 1
o Saga Univ. ﬁ o
99 = Ve Nassseerzxr @ ol
e Nagasaki Inst. of App.
- Q [ e ceavmasm * ALICE FoCal-E Prototype -
Sciences 4 S
: HEA A aE :
e Kumamoto Univ. Loy, 8 ol T imaw -
Longitudinal shower profiles ¢
eTTOT arXiv:2311.07413

I8 10 I12 14
FoCal-E Layer (~O.98 X/X = t)



https://arxiv.org/abs/2311.07413

ePIC ZDC at EIC

Detector

Exit window
Collimator
Magnet

Lum. detectors \

-~

Forward spectrometer ’
(in BO)

Off-momentum detectors 1

< Electrons

BO Silicon Tracker
and EM Preshower

-

Roman Pots

Off-momentum detectors 2

-40 -20 0

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.

To—WISI (22X,)+

Tracking

PWO (8X,)+
Tracking

Pb/Si
(22)

BOpf Dipole

Pb/Scintillator
(92;)

Courtesy of T. Chujo

Zero-Degree Calorimeter

Off-Momentum
Detectors Station 2

Off-Momentum Detectors

Focusing Station 1 (as Roman Pots)
Quadrupoles

Energy range | Energy Position Others
resolution | resolution
50% 3mrad

up to the JE + 5%, E Acceptance: 60 cm X

Neutron Redm eneegy ideally olem

35% (o)
VE + 2%
Note:
The acceptance is required from meson structure mea-
surement.
Pion structure measurement may require a position
resoultion of 1 mm.

0.1 -1GeV | 20-30% Efficiency: 90 — 99%
Note:
Used as a veto in e+Pb exclusive ] /¢ production
35%

Photon | 5y _40Gev | 222 0.5-1 mm

VE
Note:

u-channel exclusive electromagnetic 7’ production
has a milder requirement of 4\% + 7% and 2 cm, re-
spectively. Events will have two photons, but a single-
photon tagging is also useful.

Kaon structure measurement requires to tag a neutron

and 2 or 3 photons, as decay products of A or 2.

Table 2: Physics requirement for ZDC




ePIC ZDC prototype test @ ELPH (2024.03)
—

i Rate (2 LYSO crystal with SiPM readout
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* Collaboration with Taiwan and Korea groups
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4.50-—
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Courtesy of T. Chujo 750 M I O WS N NN | | Hit m_ap of LYSO Cry.StaI o
050050 1.50 250 2.50 450 550 6.0 7.50 | [, calorimeter from online monitoring

X Axis . : :
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New KEK initiative for detector R&D

Instrumentation Technology Development Center

International Hub for instrumentation development
Promotion of Innovation and Young researches

eNew detector R&D center (ITDC)

Researcher

Community =&
has been established IPNS proj
Mbsdh ok i

. - :
e ! #

Inter-University Cutting Edge Technology Development
Research Common/Core technologies for next

generation projects "
.Technology development platforms New Test Beam Line «final application by each project Technology 1
 Extension of inter- (continue to have support function) Development
university research e Bottom-up research : some R&D platforms Platforms

(sensor, electronics, cryogenics,

functions
« More efficient and faster
development

» works as the interface to the community
@ ITDC own development candidates
» Monolithic semiconductor pixel sensor

New material (eg. CIGS) for rad-hard

BiCMOS technology for high speed Sensor

» Cryogenics and superconducting technology KEK projects
- Temperature below dilution refrigerator ) .

gas & active
medium

mechanics)

S

New material
y New sensor N

REBCO for HL-LHC

Electronics
integration

Collider
Electronics

rad-hard, fast Education

monolithic sensor | &

Quantum
sensor

Strong field magnet

Low material magnet

Electronics

ACAP

Wider users by simpler
system for use

— Young researchers
such as student can
easily use

— Education

Al, deep-learning

Computing Mechanics Platform Organization
flexible, always ready
to start new one
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Courtesy of K. Hanagaki (KEK)
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New Test Beam Line (=)

® Electron beam with its energy from roughly 1 to 5 GeV
» Peak rate is O(kHz) at around 2 or 3 GeV
» Higher rate will be possible after more experience of

running Overview of test beam line
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Summary =)

eNo summary. Too heterogeneous to summarise.

e 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.
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