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ycingy
g ]/Q’,\

o]
?

3 ' S
/(”)()1'&\\

|J J kf Julﬁ & ’1 H

illator Collabe

Sen QIAN

qians@ihep.ac.cn; On Behalf of the GS R&D Collaboration Group, The Institute of High Energy Physics, CAS

%+~E¢@LHC%&MSL or

The 11th China LHC Physics Conference



1. Motivation for GS-HCAL

chamber Hl'ssa'lqnntﬂ Transverse
ffffff  Magnet (3T / 2T } ll Crystal bar ECAL

2. R&D of the GS

3. Design of the GS-HCAL in CEPC ‘} st
[}

4, Summary and Next Plan




1.1 HCAL Design Options (The Past)

O Several HCAL design options have been proposed

* Based on Gaseous Detector
- ¢.g. CALICE SDHCAL doi:10.1088/1748-0221/11/04/P04001

* Based on Liquid Argon
- e.g. ATLAS LAr Endcap HCAL doi:10.1016/j.nuclphysbps.2011.03.150
 AHCAL: Plastic Scintillator & SiPM readout
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> ATLAS LAr Endcap HCAL > CEPC AHCAL Prototype
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> CALICE SDHCAL Prototype
3




1.2 Technologies uesd in Calorimeters

® PbWOQO, homogeneous calorimeter:

» CMS ECAL, ALICE PHOS

® | Ar sampling calorimeter:

» ATLAS EM Barrel and Endcap, Hadronic Endcap,
Forward calorimeters

BEPC-BESII-EMC: Csl + PD ® Scintillator/WLS fiber sampling calorimeters:

» CMS HCAL Barrel and Endcap, ATLAS TileCal
Yoke + Muon (RPC or ni-RWELL) (barr‘el HCAL), L HCh HCAL

Magnet
(3T/2T)

® Shashlik Pb/Scint sampling calorimeters:

LumiCal

» ALICE EMCal/DCal, LHCb ECAL

PFAHCAL ® Quartz Fiber/Steel sampling calorimeter:

- PEA ECAL » CMS HCAL Forward

Si Pixel Vertex

CEPC-CDR-ECAL: Scintillator tungsten
CEPC-CDR-HCAL: Plastic Scinillator + SiPM

N 4

Except PbWO, or Plastic Scinillator, Crystal can not used for the
ECAL or HCAL, too expensive!




1.3 HCAL Design Options (The Future)

Muon chambers
(Mux return yoke)

n=0.5

Barr/( Muon System

EMcal (Sci-Fi)

DIRC & TOF

Radiation Shield

lFDmard Solenoid I

v Space for additional

I |. Forward (HF)

Forward Tracker
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B Longitudinal cross-section of the FCC-hh reference detector B Example layout of the EIC detector base design
Glass for EIC:
Task 1.2: Hadronic section with optical tiles o SUfﬁ Ci ent res olution
Subtask 1.2.1: AHCAL Scintillating plastic tiles/Steel e Fast response
Subtask 1.2.2: ScintGlassHCAL Heavy glass tiles/Steel e Radiation hardness
Task 1 : build a cost effective glass-ceramic
Task 1.2 calorimeter for the outer endcaps and central regions
* AHCAL: Concept for continous readout Task 2: Push the performance of glass ceramics
* ScintGlass HCAL: cm scale tiles towards crystals




1.4 Physics Requirements of HCAL

CEPC as Higgs/W/Z tactories: Leading contributions to BMR:

= Jet Energy Resolution s/E ~ 5% = HCAL resolution dominant the uncertainties
= Boson Mass Resolution (BMR) < 4% : from intrinsic detector resolution: ~19.7%
it is strongly motivated by H/W/Z hadronic = Further improvement of HCAL is needed

final states, BSM & Flavor Physics

(240 GeV) T
0.07T—— T T T i ‘ —si!g ——7_12
- CEPC [ ]zz - vvqq (ud) Cleaned - i ﬂ j !
0.068F 7 = 5000 p——- ] : =
U [ ]ww — pvqq (ud) Cleaned | - 3 |
E [ ]ZH — vvgg Cleaned 1 i 1 . _WW —(?thers ® Tracker resolution
< 0.05(- B AOOQ e R m ECAL resolution
[ ~ i i
e - - 3 ‘ HCAL resolution
) 004 8 3000 et ol
o 2 Photon E > 0.2GeV
=~ 0.03p ] = |
2 @ 2000 |- o . § Charged Pt> 0.2GeV
. 0.02f - [ ”fﬂ‘ Neutral Hadron E > 2GeV
E 1000 | 2 Acceptance |Cosf| < 0.99
0.01 ‘ _ 1 ‘
. - ; i u Charged Hadron Fragments
o 0 pplag gl

u Separation Confusion

u Unidentified

80 80 100 120 140 160 wa S o -l
m; (GeV) Mg~ [GeV]

CDR baseline (arXiv:1811.10545): BMR = 3.75%
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1.5 CEPC Conceptual Detector Design (The Future)

Ist IDEA Concept
(also proposed for FCC-ee)

" Yoke + Muon (u-RWELL)

i Pirel Vertex: g

* Dual-readout calorimeter
(Cerenkov-Fiber & Scint-
Fiber)

* both for EM and Hadronic
Shower

-

Si Pixel Vertex

2nd CDR Baseline Design
(Particle Flow Approach)

SIT, TPC SET
FTD ETD

AHCAL (PS/Steel) or
SDHCAL (Gas/Steel)

S1i/W ECAL or
PS/W ECAL

3rd FST concept
(Full Silicon Tracker)

AHCAL (PS/Steel) or
SDHCAL (Gas/Steel)

S1i/W ECAL or
PS/W ECAL

4tt Conceptual Detector

Drift chamber
for PID

 GSHCAL (GS/Steel)
BGO Crystal ECAL
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1.6 Glass Scintillator HCAL

= Basic idea: to increase sampling fraction for better energy resolution

= With high density and thick GS cell design, the sampling fraction of GS-HCAL can be

increased by a factor of ~20 compared to that of PS-HCAL.

PS-HCAL

I

| Upper cover: 2 mm

PCB+ASIC chips: 3.2 mm

Scintillator cell: 3.2 mm
Bottom cover: 2 mm

Fe Absorber: 16.8 mm

|

GS-HCAL

Upper cover: 2 mm

1

| I BN N

PCB+ASIC chips: 3.2 mm

Scintillator cell: 10.2 mm

Bottom cover: 2 mm

Fe Absorber: 9.8 mm

PS-HCAL

Erec [GeV]

Fe: 20.8mm/171.5mm=0.1213 A,

PS: 3mm/688.7mm=0.0044 A,

PCB: 1.2mm/492.2mm=0.0024 A,
Sampling fraction ~ 1.6% (n-TB, MC)

GS-HCAL

Fe: 13.8mm/171.5mm=0.0805 2,
GS: 10.2mm/242.8mm=0.0425 A,
PCB: 1.2mm/492.2mm=0.0024 ),
Sampling fraction ~ 31% (MC)
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2.0 Development of Glass Scintillator

1. Commercialization of glass scintillator 2. 3. 4. High density & LY
High density High LY

Glass Scintillators’ 2015, DSB glasses for high

energy physics experiments,
p=3.8 g/cm? et

R. J. GINTHERT anp J. H. SCHULMANY

/" 1958, Ce-doped high-

silicon glass. 1976, commercialized GS LY=1360 phyMcV -
Under y-ray excitation, - S’ slass scintillator 1996, heavy metal 2021, GS Group for R&D
the pulse height is 10% (GS20 p=2.5 g/cm? fluoride glass EM A A new glass scintillator
\_ of NalI(TI). ) LY=6000 ph/neutron ' calorimeter p=6 g/cm3 LY= 1000 ph/MeV

L I

1950 1960 1970 1980 1990 2000 2010 2020 2025

I L

L 1962, glass for thermal J [ 1988, glass scintillator } {2000, the concept of energy 2020, Ce**doped }

neutron detection calorimeter design transfer sensitization Gd-based glass
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2.1 Large Area Glass Scintillator Collaboration

Institute of High Energy Physics, CAS
T EAL R RGBT

Jinggangshan University
H R RF

—»| Mass production \ @ Ben ( @ BLo R ?E?;%;féi;?ﬁg ke o i
China Building Materials Academny ATy cingyf Z
FEELEMHATR z
China Jiliang University
FEITERE

@/' fﬁ,\;ﬁ — _=.|ccn5.
: ~ 7 siom G.g:-

" Research &
" GS }7 Development

| Production

—> Opticaltest | =¥ _siccns 3

Mechanical test
Research | ; -‘

»\: Irradiation test | 1

Harbin Engineering University
eREIAEKES

Harbin Institute of Technology
b RIET L K

Sichuan Universiry

—-{' Simulation ‘ <> w )| K “A [/ O 4

' GS ' ) . Shanghai Institute of Ceramics, CAS e h Of 0 - o
; SiPM Research |« SIS emAFE LSRR AFTHN .
HCAL Design ~ ko -

- . l: Shanghai Institute of Oprics and Fine Mechanics, : i e %

—* Single Tile Test | <& oiom T EHE R LS AR H R A I):] :/k! J)'}E’Jnfgj /Iir/(fl'lf

g: CNNC Beijing Nuclear Instrument Co, Glass Scintillator Collaboration
e GS 4.{ Nuclear Detectlon ‘ v z EPH L:ﬂt :',f'\) ﬁﬁg%—]lﬁ'ﬁ'}l{‘f}g]
: . | i 3 Zhejiang University

‘ Application | 1.[ " others Hiz kg Spokesperson: Sen QIAN

fﬁ"::;"-}.,l Ganjiang Innovaton Academy, CAS
() rarzzszarszz

The Glass Scintillator Collaboration Group established in Oct.2021 ;
There are 4 Institutes from CAS, 6 Universitys, 3 Companies join us for the R&D of GS;
sk &8 00O i """k




2.2 Design of the GS

5 [ 0¥ies | W V| oo consuction v > Scintillation mechanism---- |Luminescence Center
g y, ‘ Excited state . . .
I o= (MM RSt » Conversion—photoelectric effect and Compton scattering effect;
§ Traps o )-Sd-éenter L A
;’ = R e » Transport—electrons and holes migrate;
‘§. Holes = -7 Top valence band - roung siate
* Eeor<Eq § e
comernion | trangport | Lo < » Luminescence——captured by the luminescent center ions

/ |Lanthanide elementsl Nanocrystals Quantum Dots Lanthanide + Quantum Dots

Non-doped 0.03% 0.10% 0.30% 1.00% . CsPbBr; embedded in high density tellurite glasses 7(0 b4 .
( L = I l (a) Sample {.7 3 0,?_\0/ Hedb-treatinegy #2035 :‘ ,a. -
\..,} e ) s A )( ) 70( 4\ K_)r CsPbB :('«
X-ray 1\; .B - ;:o - ° _b—o ){O /‘(g’ ,K % sPhBr, NCs
Non-doped 0.03% 0.10% 0.30% 1.00% Smm -., // i | o I(’f: UV light Photoluminescence
200 S _4 Y
- Trefoctoy. o chemed perfice CsPbBr; core protect by tellurite glass shell Precursor glass ° CsPbBr, NCs glass
Journal of Alloys and Compounds . .
782 (2019) 859-864 IEEE TNS 60 (2) 2013 Optics Letters 46(14) 3448-3451 (2021) Vol. 9, No. 12 /2021 / Photonics Researcy

B High Light Yield (> 2000 ph/MeV): Lanthanide for the Luminescence Center: Cerium (Ce);
B High Density (> 6 g/cm3) and Low radioactivity background: Gadolinium (Gd); lutetium—{Eu)—

i 2 TR ' e



2.3 GS Group Samples

10000
B |
2. Georgia Tech i 71 DenSity}G-O gfcmg =7
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> SILU | Bég‘vm -
@ 4 TEhnku u HgU . e 6 6
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| | 3
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o2 g Seinry e | i O - 5
) L b, 6. AFO Research Inc. i
= | | - I -" =
= RS ‘ BKMUTT
= RS (R | 4 A . . - 4
@® GS Group .| AFO Research Inc.
B Other G 9. Le Verre Iiluoré
19§ T - ! 3 Tohoku HEU
) i F i ] 3 1 1 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 0 1500 3000 4500 6000 7500
E 3 : .
Density (g/cm’) Light Yield (ph/MeV)

B The GS group has carried out a comprehensive and complete study;

B For high density glass scintillator, the light yield of GS group samples is in the absolute lead.

e &8 00O O£ i IO"EeTE



2.4 Small Size Sample

GFO & GFO+ (Bmm X5mm X5mm)

GFO f;nsgg;6ﬁ /l%/; cn\f Density~6.0 g/cm3
) I LY=2445 ph/MeV
< BT e ER=30.3% ER=5 80/
M A E R - oo s
LO in 1us=982 (99%) LO in 1us=1074 (44%)
7771 PP YT (TRTRTITT AT T —
Decay=36 (8%), 105 ns Decay=101 (2% ), 1456 ns
(a} E?Insm.'m-iuu specirum T {b) .g- I:—: — GFOH+ glass {C) o — | j EER) . L — )
R e o % | S ™ ~ GFO glass S 1 9% s e
_.J’, = o = —_ BSO o7y - L
;.’ 1 00 - , — f
/A ; 1/3 BGO = [
' \ 00 E sk 1
f I_'II \"| so0| § I IJ
r'fl H‘- o a0 |- Eﬁ 972 | i
| “\ . || E |
] __ waf \ = | .
/l “\‘\ 200/ uw“ﬂé T | ——— GFO*+ glas
. /{f | ‘\h““ - 100 s PN JQ\M m'_ — GFO Elsax\
“.ra,,-c]c“gm {“m:. e i m::]{: tllam::;m ] 1004 tu%u;me {n:"mm 40040 S04
» (a) Transmission and XEL spectra > (b) Energy spectra » (c) Scintillation decay curves
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2.5 Large Size Sample

GFO (40mm X40mm X10mm)

Density=6.0 g/cm?
LY=1506 ph/MeV
ER=41.2%
LO in 1pus=1129 (75%)
Decay=53 (3%), 655 ns
(a) T an-m:.il-miu peclrum i (b) E i (C} 896
XEL spectru S GFO glass
™ | It 894
= 800 [
_I}r...._ H b = ~
/ \ H et
‘ \ oo [ g
| l|'= 5m§ <
!" IH\ m_ ";;' £E8
| '\l.‘ 200 f— .ﬂ P
3 200 [+
| /| ™ iwfl il T PY - Ll li -
L i A : 1 M—‘--.— E pogligogas ko qudvgepugel TR ... v . e
ik S pes s 200 0060 4060 GOOI  HDOD 100D 1Z000 13000 16000 18000 20000 BE1 P T el ey
Wavelength (nm) AR, chimml ‘ " Time (ns) 1
> (a) Transmission and XEL spectra > (b) Energy spectra > (c) Scintillation decay curves
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3.1 Detector Cell = GS +SiPM

Glass Glass
]
\
6X 6 SiPM - Si{
[]
Glass Glass
[] []
\‘ /
[ 31X 3 SiPM
3% 3 SiPM e \
[] [

YV VY

SiPM LED
SS Cover 2mm Stee| cassette  / L
GS+Reflector 10.2mm afo
PCB+ASIC 3.2mm i
SS Cover 2mm Steel cassette
Absorber 9.8mm

at the beginning, light attenuation length is only ~23 mm, more SiPMs are needed to collect sufficient light.
One scintillator is coupled with either 1, 2, or 4 SiPMs (3 mm X 3 mm SiPMs).

There is a gap to hold the SiPM either in the GS or in the PCB. More tests are needed to determine the optimal
position of this gap (in the glass or PCB) and to identify a low-cost and practical method for implementation.

17




3.2 Attenuation Length of new GS

- attenuation length: 3.1 cm @ 400nm

8 : ? : i "-"NeW
NEW GS samples after IDRC review T j,ﬁ----{---.;---.}---.;___'i_'l;ef""e
6045():|:0 09cm | : ] | ; A
6 I ," """"" A P S B A T o
- attenuation length: 6.1 cm @ 400nm R e T
S L
Feasible to use one SiPM per GS tile §,4 fffffffffffffff *';‘ ffffff I
< I
) S :“3.0769cm ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
2 _ ,,,,,,,,, ':"' ,,,,,,,,,,, N S S L ,,,,,,,,,, [ I
R T Lo = (Lz— 1)/ln(TL1/TL2)
- " I i I i I i 1 i
%00 400 500 600 700 800
Wavelength(nm)

i s T )



3.3 Performance of GS-SiPM coupling

Cosmic ray test of GS-SiPM coupling

Light output is ~ 64 pe/MIP

-

4x4x1 cm® GS, Teflon package, Hamamatsu S13360-3050PE

d T + v v 1 v v +r T [ r & 3 /

% 500 : il

z CEPC Ref-TDR v -es6 205 - NDL EQR20 HPK S13360
400 Sigma = 9.7 + 0.3 ke

Mass production of high quality SiPM;

- m HPK S13360 ~22% PDE = HPK S14160 ~43%
] = NDL EQR20 ~42% PDE => NDL ~50%

Cost of mass production (~5.3M)

1 1 1 1 1 I 1 1 1 1 | | | 1
50 100 150

T m GS: ~ 0.5 CHF/cc, SiPM: ~ 1.25 CHF/pcs

Further Optimization of GS size, thickness, GS-SiPM couplings (air vs optical glue).
B 19




3.4 Cosmic Ray test result

Pedestal

Cosmic ray

etopeton volnesof e SN o D Plastic scintillator g 90 i—'L- 4 1 2 ] O . _ADC_l'liStl E ; htemp |
e @) 80: Entries 1043 o Entries 5000
i p ".‘ = g / Mean 119.8 Mean 165.1
. . ;R 70/ ] RMS 80.1 . : ;
A Drive board . Glass scintillator  |SERS—. - 2 [ ndf 32.91/36 [ ; : g Std Dev 5301
S Data acquisition 60; MPV | Constant 1214 +82 100 :— """"""" 1 """"""" """"""" xl [ ndf J08/64
Set operation voltage of the %B % 1 5 4 1 ................. MPV 1541 £1.7 B E : Constant 638.7 £ 14.0
Drive board . 405 an Sigma 16.86 +1.38 80 :_ """"""""""" a1 K e B MPYV 1361407
T : d 60— M s +
: - Plastic scintillator [ | — I [ [ L — L T
o gl g
Power the drive board - /Hf - : : : : : : : : :
10 J_'JHL'JIJ/]U 2 B : i : F
1.BGRI-146L 40X40X 10 mm? “0:' ‘ sg_ﬂm_ﬂﬁpm' T 55%00 ﬂ_HSIU” 1[|I'I]15|021|H]25|03[H] 350 40 450 500
2.BGRI-4# 40X40X20 mm? Nueber of .= s
*Detector: Cosmic ray test (ADC pedestal deducted) MIP response simulation for Muon
1. NDL EQR20 11-3030 3 X3 mm?,
Weighted PDE=42.5%
2 MIP Response (p.e./MIP)
*Reflector: Teflon
*DAQ: DT5751 Integral time=1000 ns Cosmic ray experiment G4 Muon simulation
° 3 . * * 3
Trigger: PS 30730710 mm” 2 142.1%1.7 136.10.7

*Distance: 5 cm
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3.5 GS Beam Test at KEK

GS tile size: 4 x4 x 1 cm?3 & 1 SiPM (3x3 mm2) for each GS tile
KEK test beam in 2025.6 Experimental goals for GS-HCAL

m 5 GeV electron = MIP response calibration with low-energy electron for GFO glass

= 1.6 kHz (from beam line) m Compare light output with previous samples measured by DESY

m Compare wrapping effects of different reflectors (Teflon, Tyvek, TiO2)

m Compare performance of various SiPMs from different manufacturers

mm3 PS trigger




Electron beam test result

350

‘E 240 ™ : R R : : g B ')(,z/ndf 200.5/110
B agbesaikionses e - htemp S ..F | Peob 31758007
| SR, 5 SE— — - i 0. o - Landau G 58.87 +1.07

180 E= | 1 S o i 7| S i Gauss 1 43.31 +2.95

= : : : RMS 202.6 - | Gauss & 7.104 +0.630

lﬂ] :_ ._ ....................... . ....................... . .......... }:Z l|r nﬂf 29_58 IF lﬁ s i : Nﬂrm 659.2 + 185.8

T S B T i e B o Constant 1173 +373 - g | GS441

120t 5 s e o ....................... .......... MPY 157.9 + 07 .. i B

T S LN IESESEENS e e 1531 £ 056 . = ’!

S0 : : 100 M

of of | Moy

40 T FE TR "

bl = ol SIS IR I 'WHWWHMMM

oE : — T Lhr ) : 0 200 400 600 300 1000 1200
0 20 40 600 B 1000 1200 Number of p.e.
PhotonDetected
MIP response simulation for electron beam KEK electron beam test
MIP Response (p.e./MIP)
GS Reflector NDL 3030 (Weighted PDE=42.5%)
Simulation for Electron Electron Beam Test
BGRI-146 Teflon 157.9%£0.7 157.6X2.9
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3.6 Readout Electronics

ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC

Optical ~ Data
Module aggregation

Power Manager Data N Data Data

) =
Power Data Data Power Data

Manager  Lik  © aggregation  Manager  Lik . ageregation  Manager  Link . aggregation
S ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC ASIC
> FEE _ Cabledirection B:[_jo Cable dircc;c;w-__—‘l;
[customized 11—~ ~ T T Common data platform "l
Front-End Electronics (FEE) readout boards in HCAL cell Box [ s = [
® Thickness: 3.2mm = PCB 1.2mm + ASIC Chip 2mm | | Ji bata. ata tink | Optical | | ;1. ||| [common
| L | Asic [~ agsregation | (eBTxlike) | Module data || |
= SiPMs, ASICs and Data Aggregation | — || S | u =]
m PCB dimensions: flexible in different positions e e e cable o]
ower Management (PAL) <+ POWER

SiPM-readout ASIC: under development
m Self-developed for CEPC calorimeter system

= Functionality: energy and time measurements Energy Measurement: ASIC for ECAL & HCAL
= Power consumption: target at 15mW/ch Data transmission: common data platform
Aggregation board at the end of barrel, cable connection Trigger mode: FEE triggerless readout

B 23




3.7 Overview of the Mechanics

» Endcap-Box - » Barrel-Box
- L ——
2.1M Pics

—

» Barrel-module

» GS-Cell 5.30M Pics
~853F; S00ME

» Endtap-module

» CEPC-GS-HCAL

» Barrel-Detector

» Endcap-Detector

z

» Barre

i

rototype



3.8 GS-HCAL Physics Performance simulation

Hadron Energy Resolution (full simu. + digitization):

m MC Sample: ee2>Z-2jj @ 91.2 GeV, ee>ZH-> nngg @ 240 GeV
m Tracker (Si + TPC) + Crystal ECAL + GS-HCAL, Cyber PFA Reconstruction

BMR (Z-jj) = 4.0% BMR (Hegg) 3.87%

= : 4500 T T T T T e 2=
(5 1600 CEPC Ref-TDR - E =
W 1400: } Rec. events ] 4000F + Rec. events =
é E e‘e” — jj, Vs =91.2 GeV —Fit . 3500;— . - osem it _;
[ ] -  —— H—jj, 5
W 1200F . - 92.57 +0.04 GeV 1 > 3000F J o
B i ? Eea ] O] E =
1000 o =3.77 + 0.05 GeV i —  2500E 3
B ; i E CEPC Ref-TDR
800} - 5 2000
- ] = 5
600 . 1 1500F
400 o 1000F
200f £ 500 g
il sl R ——— Q8™ "80™"00 110 120 130 140 150 160 170" 180
m; [GeV] Invariant mass / GeV
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Summary and Future Plans

Physics requirement for the design:

= Hadron energy resolution < 5 %
= Boson mass resolution (BMR) < 4%

GS-HCAL is selected as baseline based on its promising performance

= Intensive R&D on high quality GS (e.g. light yield, decay time, attenuation length)
m Update design of GS-HCAL mechanics, cooling and readout electronics
m Preliminary study with CEPCSW shows promising result which is feasible for Ref-TDR

Future R&D plans

To further optimize GS size, GS-SiPM coupling, cooling and readout electronics
To optimize simulation, digitization, reconstruction and analysis chain

To develop techniques for mass production of GS, SiPM with low cost

To prepare full-size GS-HCAL prototype with integrated electronics for beam test

i 27 TR '



GS-HCAL Mini-prototype

Zone PPE168

RICH detector
{CN) 3m xa1m

|

Calorimeter
1mxim

SiPM

Steel cassette

Mini-Prototype: 7 layers, each layer has 3x3=9 GS tiles, 63
GS tiles in total, each GS size of 4x4x1 cm3

Two mini-prototypes using HPK & NDL, respectively
CERN beam tests (Pion / Muon) in October 2025



GS-HCAL Full-size Prototype

Plan towards a full-scale prototype Test beam plan (2027)
m Step 1: test beam of new GS tiles at KEK (2025.6) m CERN: PS or SPS

m Step 2: test beam of mini-prototype at CERN (2025.10) m KEK (Japan): 5 GeV electron
m Step 3: batch production & test of ~10k GS (2025-2026) m HEPS (China): 6 GeV

m Step 4: build full-scale prototype with ~8k GS tiles (2026) electron

m Step 5: test beam of full-scale prototype (2027)

Full-scale GS-HCAL prototype (2025-2026) ..

m Total: 48 layers, Total GS tiles: 13 x 13 x 48 = 8112
m Each layer: 13 x 13 GS tiles (52 x 52 cm2)

m GS tile size: 4 x4 x 1 cm3

m 1 SiPMs (3x3 mm2) for each GS tile

m ASIC Chip with power consumption of 15mW/ch

B 29
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DOI:10.1016/j.xinn.2025.100878 ;
Sui Z., Qian S., Niu L., et al. (2025). Glass scintillator: A window to future high-energy radiation detection. The Innovation 6:100878.
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The Application of the Glass Scintillator

X-ray tube

Xetay - Ultra-Large size glass (12.5cm X 122cm)
Imaging objects

Glass scintillator

Intensity (a.u.)

1 4 450 Sm S50 &I 650 Ty

Wavelength (nm) Reflector Camera

10 Ip'mm

From: Adv. Opt. Mater. 2025, 2403243
From: Ceram. Int., 50 (2024) 47253-47258

From: Ceram. Int., 2025.02.151
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HCAL Research Group

Actively involve in DRD-Calo Collaboration
CEPC-HCAL team: IHEP, USTC, SJTU, XJTU, SCNU, SCU, HEU, ZZU

m Detector for PS/GS-HCAL: Staff(9) + Student(10)
m Electronics: Staff(5), Mechanics: Staff(3)
m GS Collaboration: 13 institutes, Staffs (26) + Students (10)

Convener: Sen Qian (IHEP), Jianbei Liu (USTC)

Physics: Mangi Ruan(IHEP), Haijun Yang (SJTU)

Software: Sengsen Sun(IHEP)

Design: Fangyi Guo(IHEP), Hengne Li(SCNU), Qingming Zhang(XJTU), Weizheng Song(IHEP), Peng Hu(261)
Dejing Du(IHEP), Hongbing Diao(USTC), Jiyuan Chen(SJTU), to design the GS-HCAL based on CEPCSW;

Glass Scintillator: Sen Qian(IHEP), Jing Ren(HEU), the GS collaboration (13 institutes, 26 staffs +10 students);

SiPM: Yuguang Xie(IHEP), Jifeng Han(SCU), Guang Luo(SYSU), SiPM and electronics for the GS performance test;

Electronics: Jingfan Chang(IHEP), to design the ASIC and FEE, power supply, cables etc.;

DAQ: Chen Boping(IHEP)

Mechanics and cooling system: Yatian Pei(IHEP), Junsong Zhang(IHEP), Shang Bofeng(ZZU)

Detector: Boxiang Yu(IHEP), Yunlong Zhang (USTC), Yong Liu (IHEP), GS-HCAL module, TB and cosmic test;
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GS-HCAL Energy Resolution

A full detector geometry constructed with DD4hep in CEPCSW
— GS density 6 g/cm?3, 1, = 242.8 mm, attenuation length ~ 60 mm

— GS cell size 4x4x1 cm?3, 48 layers, 64, in total

— Geometry: follow the mechanics design with supporting structures.

|°§| T | T T T | T T T | T T T | T T T '°§| B T | T T T | T T T I T T T [ T T ¥ " lo\Tl
m ———— Truth,op/E =23.7% NE® 4.7% 1 w ———— Truth,o/E =23.7% E I 1 o
- LY 10 pe/mip + 0.5mip,o/E = 32.3% NE @ 6.5% - ta“ 5mm’°E’E/E=_63-2 h! /EE@ 16.1% |~
it ——«—— LY 20 pe/mip + 0.25mip,o/E = 28.7% /\/E_ @5.7% o L o e e e ME e
————— LY 40 pe/mip + 0.125mip,c/E = 26.8% /E @ 5.2% iy =iy 6%
—— LY 80 pe/mip +0.1mip,0/E = 26.9% /NE & 5.2% Latt 4omm, o/E = 26.1% AE © 5.6% .
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Threshold: 0.1 MIP (> 5 p.e)

ce/E = 29.8%/VE ® 6.5%
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GS attenuation length: ~60 mm
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GS-HCAL Constant Term

GS-HCAL in full simu+digi: 62, % = 29\)%% @D 6.5% (all events)
= Large HCAL (80 layers, 104): %E = 237?% D 2.9%

= Shower starts at the first 2 layers: ‘;—E = 23%% @ 3.5%

80 layers (10A)

@ 80 Layers 10 GS HCAL

m Large constant term in GS-HCAL is mainly due to o .
longitudinal shower leakage, combining ECAL(1.2 A, ) N CEPC Ref-TDR
and HCAL(6 %, ) helps to reduce leakage

m Software compensation is expected to reduce
constant term




