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Motivation

Future electron-position colliders (e.g. CEPC) tracker _ ECAL HOAL
" i
* precision measurements of the Higgs and Z/W bosons A i | L
e Challenge: jet energy resolution < 30%/sqrt(E[GeV]) & Boson i
Mass Resolution (BMR) < 4% ¥ Particle Flow

tracker ECAL HCAL

l Solution

PF A-oriented Detector System
Derive Deriye T

Yoke + Muon
RPC or u-RWELL)

Baseline Design mmm)  The 4 Conceptual Design
*(For CDR) Evolution

LumiCal

o
® BMR ~3.8% Achieved ® Pursue BMR ~3.0% < PFAHCAL

® Requirements for Flavor Physics

® Fulfill requirements of ,
Hi & New Physics Measurements
1g2s measurements (Si/W or Scint/W)

Si Pixel Vertex

*CEPC Conceptual Design Report doi:10.48550/arXiv.1811.10545
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HCAL Design Options

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
- ¢.g. CEPC AHCAL doi:10.1088/1748-0221/17/11/P11034

AR

I
vy

» ATLAS LAr Endcap HCAL » CEPC AHCAL Prototype

M L
..:'.'1 = 3 '!.
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> CALICE SDHCAL Prototype
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CEPC Conceptual Detector Design

1st IDEA Concept 2nd CDR Baseline Design
(also proposed for FCC-ee) (Particle Flow Approach)

2T Magnet o e ___".“ (3T/2T)

Preshower (1-RWELL)
LumiCal \

il Yoke + Muon (u-RWELL) Si Pixel Vertex

Si Pixel Vertex

SIL TPE SEL
FTD ETC

* Dual-readout calorimeter « AHCAL (PS/Steel) or
(Cerenkov-Fiber & Scint-Fiber) SDHCAL (Gas/Steel)
both for EM and  Si/W ECAL or

Hadronic Shower PS/W ECAL

4

Yoke + Muon (RPC or p-RWELL)

3rd FST concept
(Full Silicon Tracker)

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

S1/W ECAL or
PS/W ECAL



The 4th Conceptual Detector Design

Drif::rhs:gber e > etal har ECA @ Further performance goal: BMR 3.8% -> 3%
" € Dominant factors on BMR: charged hadron
fragments & HCAL resolution

i | TR (GsHCAL)

Glass Scintillator:

i . ' _ - low cost
' high density -> better ER/BMR & more compact
i — . | - moderate light yield
short decay time
long absorption length

Readout with SiPMs:

' \\ : - low cost & compact structure
. - immune to magnetic field

P il
=
[ ]

[E—
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|

Muon+Yoke Si Vertex Si Tracker

To do: Simulation & offline calibration




1. The Structure Design of the GSHCAL,;

2. PFA performance of the GSHCAL;
3. The Progress of the GS Production;
4. The Tests of GS Samples of HCAL;

5. Summary and Next Plan;
TEE T T
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1.1 GSHCAL Overall Structure (2023 CDR)

|

1O
*This structure was also ‘ I;S;k%ness Barrel
proposed for DHCAL /‘
Endcap

Barrel

O The overall structure of the GSHCAL consists of three
parts: the Barrel (8,0ctagon), Endcap and EndCapRing
e Thickness of the Barrel: ~1 m
e Quter radius of the Barrel: ~3 m
* Length along beam direction: ~7 m
* Number of Layers: ~40
* GS/Steel Volume: ~46/64 m3
 Number of SiPM readout Channels: ~3x106

Endcap




1.2 GSHCAL Overall Structure (2024 pre-TDR)

Si Tracker Si Vertex Tracker (TPC/DC)

with outer layer

O The overall structure of the GSHCAL consists of
two parts: the Barrel (16, Hexagon), Endcap
* Thickness of the Barrel: 1470 mm
* Inner radius of the Barrel: 2250 mm
* Length along beam direction: 6700 mm ~
* Number of Layers: 48
« GS/Steel Volume: ~104/143 m3 (double size)
« Number of SiPM readout Channels: ~6.4x106 (double size)




Outline

2. PFA performance of the GSHCAL,;

0.06~ ys = 240GeV
- ZH, Z—vv, H—gg

DHCAL BMR: 3.68%
AHCAL BMR: 3.77%
GSHCAL2 BMR: 3.59% |

0.01

A [ A A
0 100 110 120 130 140 150 160
m GeV

visible

%0 70 80 9




2.1 Simulation Studies of GSHCAL Performance

* Standalone module simulation -> Hadronic energy resolution -> Input for fast simulation
* Fast/Full simulation -> PFA performance (BMR) based on the GSHCAL

* The focus of this part is the PFA performance (BMR) obtained from the Full simulation

Standalone Single @ o »
GSHCAL KaonOL | ® '
I/ oW 'O
Hadronic energy  BMR from fast/full 3? 2 2 Ky ) \?\(/
resolution simulation . D% . Y},
Together with ¢ E . (/

B Tt N %
L » N ¢ ‘S <

N |
&) other detector
Physics ‘ response ' Physics e % 4 st g Q(/
I Objects ; ‘ e «
\

Models .. _ ‘
Fast Simulation ’ PG ¢ D . NP

Pythia | . . : b T O A

. (parameterization) / g g % b &

MC.I-DarticIes - . - s . :
Particles

'S‘i'm ulated Tracks & Y

ucted

Detector Hits Calorimeter Hits

Detector ™ Detector Hits

Full Simulation




2.2 Full Simulation Setup

 Current full simulation is based on CDR baseline design,

except for replacing the AHCAL with GS/steel HCAL S(itSIjiclAL
andalone
. . Module
* Primaries input: 240 GeV et+e- -> nu nu H (H -> gg)

* Glass components : Gd-B-Si-Ge-Ce3 ™"

4x4x1 cm? GS

! readout with the SiPM
Nominal setup for the GSHCAL 1n full simulation: Effgl
GSHCAL Structure No. laver Cell Size Nucl. Inter. Glass Readout
(+ECAL option) Y Length Density Threshold
Currently Octagon GSHCAL ; ;
(at CDR) (+Si/W ECAL) 40 40x40x10 mm 5 lambda 6 g/cm 0.1 MIP
Todo Hexadecagon GSHCAL o 44 40x10mm®  6lambda  6glom® 0.1 MIP

(at pre-TDR) (+tBGO Crystal ECAL)
sk &8 00O i """k




BMR [%]

N 12

34—
20 30 40 50 60
Number of Layers

2.3 Impact of Some Key Parameters

Number of Layers

More layers ->
better BMR (pros)

More layers -> thicker
GSHCAL & more readout
channels (cons)

Reasonable number of
layers should be selected to
balance the BMR & the cost

o

—_—

=
m

R [%]

Glass Thickness per Layer

A L A S

5.5, Homogenous

3.58- =
3.57[
3565 3
3.55[
3.54-— -
3.53[
8520

5 10 15 20 25 30
Glass Thickness per Layer [mm]

» Thicker glass ->
better BMR (pros)

» Thicker glass -> thicker
GSHCAL & worse optical
performance (cons)

> Reasonable glass thickness
is necessary to balance the

BMR & the optical
performance & the cost

Transverse Cell Size

L e b e b e e e e e 1
10 20 30 40 50 60
Transverse Cell Size [mm]

» Smaller transverse cell ->
better BMR (pros)

> Smaller transverse cell size -
> more number of readout
channels (cons)

> Reasonable transverse cell
size is necessary to balance
the BMR & the cost of the

readout channel

3.68¢
3.66|
3.64"
3.62f
2 36"
=358
3.56f
3.54]
352"
3.50

R [%]

>

Glass Density

* Sampling fraction is fixed

3 4 5 6 7 8

Glass Density [g/cm ]

Higher glass density ->

lower cost & better BMR (pros)

>

Higher glass density ->
scintillation performance
(BMR) degradation (cons)

Reasonable glass density
should be selected to
balance the BMR & the cost




2.4 Different GSHCAL Designs

Status CDR CDR CDR Pre-TDR

Design Option DHCAL AHCAL GSHCAL GSHCAL
. ,III\|III\|II\I|I\II‘\II\\II\II\II\II\III\III,
Material RPC PS GS GS 0.06— s = 240GeV .
BMR 3.68% 3.77% 3.59% 3.49% ) 05;ZH, Z—swv, Hoag E
No. layers 40 40 40 48 e ]
> - _ 2 §
Layer thickness 3mm RPC+  3mm PS+ A L S 0.04 DHCAL BMR: 3.68% -
(0.125 lambda) 20mm Steel  20mm Steel oMM SRl n ]
' Steel Steel S 0.03— AHCAL BMR: 3.77% N
Inter. Length 4.8 lambda 5 lambda 5 lambda 6 lambda <Dt: - GSHCAL2 BMR: 3.59% -
Trans. Cell Size  10x10mm2  40x40 mm2  40x40 mm2  40x40 mm? 002 ] -
Mat. Density <103 g/cm3 1 g/cm3 6 g/cm3 6 g/cms3 0_01:_ E
HCAL Thick. 931 mm 931 mm 962 mm 1170 mm C .. ]
elsaile g I A il

HCAL Volume 14 m¥RPC) 14 m¥(PS) 46 m3(GS) 62 m¥(GS) %o 70780 90 100 110 120 130 140 150 160
91 m3(Steel) 91 m3(Steel) 64 m3(Steel) 86 m3(Steel) GeV
No. Cells 4.5x107 2.8x106 2.9x106 3.9x106

» By using a similar setup with the AHCAL, the GSHCAL can achieve a more compact structure and less
readout channels, as well as a comparable PFA performance with the DHCAL

e &8 00O O£ i IO"EeTE



3. The Progress of the GS Production;




3.0 What is the Glass Scintillator ?

HND-S2
“ BC418_
Plastic Scintillator Glass Scintillator Crystal Scintillator
High light yield High light yield * High light yield
Fast decay Fast decay Fast decay
Low cost Low cost Low cost
Large Density Large Density Large Density
Energy resolution Energy resolution Energy resolution
Large size Large size Large size

sk &8 00O i 0000000IO"EeTE



3.1 Current Research Status of the GS

Before 2000, the high-density GS is mainly based on Pb (plumbum) or Bi (bismuth), with poor scintillation light;

After 2000, GS with rare-earth elements (Tb,Terbium; Ce,Cerium ) attract more attention for improved LY

However, it’s a great challenge to realize a high density and high light yield at the same time

3 Density>6.5 g/cm3 5 .
7 LY>2000 ph/MeV 5 71 Density>6.0 g/cms3 7
QE ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ;_—;-E LY>1000 ph/MeV I
m Thigl %
% 6 CJ:U ® Dhafaaﬁse -6 % (ST W, NN :Cc e - 6
E‘ JSUST &JGSU ; ; gzgﬁlasseﬁ
g 51 et - D % 5 L 5
(]
» KMJTI' caLu ° | oo ™
H NSRU Zynu zand B o i CE::‘N B
E:NLJ : ] 0 Research Inc.
3 ] o ] i | " | = | - 3 | L | 'qu:}kul HEU ¥ 1 ¥ ) "
0 1500 3000 4500 6000 7500 0 1500 3000 4500 6000 7500
Light yield (ph/MeV) Light yield (ph/MeV)
Tb3+ doped glass with high light yield Ce3*doped glass with short decay time

W 16 TEE T T



3.2 The 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)—

il 7 TR ' e



3.3 Large Area Glass Scintillator Collaboration

Institute of High Energy Physics, CAS

( . Reseacna ) @48 S Liccic NP R R LT T

l GS L Development P e i sIOom N Jinggangshan University
Production : _ - [4@} HeIR] (1o

& — Mass production BL= R S

Beijing Glass Research Institute

BORD  Jeroprmmroce:

SICCAS @ China Building Materials Academy

il Optical test _ X
= A A A A S B

' GS [ = | "@ o T China Jiliang University
‘ Research | Mochamieniieey ) e = (A Bl R

Harbin Engineering University
=] a )

M IRIE TR S

E@ Harbin Institure of Technology

—— Irradiation test

—f Simulation Gomds
i 1 - " Wi e AR sl A
. | SiPM Research | (i Q i, Sichuan University
- HCAL Design | J o VEROET:

L Single Tile Test

Shanghai Institute of Ceramics, CAS

DO 6= Q6 19

5 i - aoi 1) -‘._:[—’::;ﬂ"/‘.\_ Vi,
| r —SICCAS il R 2y iR SR AT 97 N KRR IE S 1EH
it GS ..' KRCear DElecton EI gz a Shanghai Institute of Optics and Fine Mechanics Glass Scintillator Collaboration
. ' . \ - w5 3 Ml ol S P g ) o
| Apphcaﬂgn . ( e \ siom FRE R R _E i SR LT 9T R

g CNNC Beijing Unclear Instrument Factory Sp0kesperson H Sen QIAN
2 e (b)) #BUSHEHRT{EST)

-- The Glass Scintillator Collaboration Group established in Oct.2021;
-- There are 3 Institutes of CAS, 5 Universitys, 3 Factorys join us for the R&D of GS;

-- The Experts of the GS in the University, Institute and Industry are still welcomed to join us (qians@ihep.ac.cn).
i s T )



3.4 The Scintillator Test Facilities for GS

“rsmseswnn | - Transmittance > IHEP--PMT Lab for Scintillator Test

I —. ~ Absorbance
N "~ Refractive index

— >~ .° . Emission peak

| Energy resolution
T s MIP response
<24~ Neutron discrimination > |HEP--Radioactive Test > |IHEP--XAFS

Rise time

Fall time

Decay time
Afterglow

S Eae = o Coincidence time

Normalized Intensity

r— \ ,'h. = \-‘. e
D ™\ " — , B o ST

Valence state ‘
& Coordination » |IHEP-CSN-- P Beam » CERN-MUON Beam
E Elemental analysis CSNSPEAE R FRER T & e

. e b oo ) #-ﬁﬁ&l’lf;l:ci Rl ","
Structural analysis hay | L i ¢
e, = BiiEaniaslis

Faraday effect
Others Radiation resistance
s Homogeneity




3.5 The GS Samples produced (>700)
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3.6 The R&D efforts from GS Collaboration

Gd-Al-B-Si-Ce3t

2021.11

Density ~4.5 g/cm3

LY~800 ph/MeV

ER=26.8%

Decay=262 (18%)
1235 ns

— JGS-60

1/3 BGO

Currently

Density ~6 g/cm?3

LY~1070 ph/MeV

ER=24.4%

Decay=92 (8%)
1235 ns

21

Gd-Ga-B-Ce3*

2022.07

Density ~5.9 g/cm?

LY~550 ph/MeV

ER= None

Decay=148 (16%)
1076 ns

— GGB-1
— GGB-2
— GGB-3

Ml

nnnnnnnnnn

Currently

Density ~6.0 g/cm?3
LY~570 ph/MeV
ER= None
Decay=277 ns

Gd-R-Al-B-Si-Ce3t

2022.12

Density ~5.5 g/cm?

LY~1100 ph/MeV

ER=35.8%

Decay=178 (4%)
1554 ns

— SIC-31
SIC-32
— 1/4 BGO

mmmmmmm

Currently

Density ~6.0 g/cm?3

LY~980 ph/MeV

ER=28.5%

Decay=150 (10%)
676 ns

Gd-Al-Si-Ce3*

2022.03

Density ~4.0 g/cm?

LY~810 ph/MeV

ER=29.3%

Decay=267 (41%)
1232 ns

€

3

8 L

s L

3

& L

£ o8 ’

5

2 !
06
04fH

— 5LGAS:Ce™
— 10LGAS:Ce™
— 15LGAS:Ce™

BGO Crystal

\ |
20 40 60

Currently

Density ~4.0 g/cm?

LY~1300 ph/MeV

ER=23.2%

Decay=329 (20%)
1764 ns

Gd-Ga-Si-Ce3*

2023.07

Density ~5.0 g/cm?
LY<400 ph/MeV
ER= None
Decay=287 ns

Currently

Density ~5.9 g/cm?3

LY~1150 ph/MeV

ER=25.4%

Decay=92 (39%)
323 ns




3.7 Performance of Small-size Samples

Glass scintillator of high density and high light yield

3.3 glem’

GC 3408 phnev

529 ns

€ GS1: Gd-Al-B-Si-Ce3* glasses: (Borosilicate Glass)

5.9 g/em?

(GSS L1154 phmev
323 ns

6.0 g/cm3 & 1235 ph/MeV with 24.0% @662keV & 588 ns

4.0 g/em?®

(GS4 | 1284 phMeV
1764 ns

GS1 Gd-AL-B-Si-Ce™ € GS5: Gd-Ga-Si-Ce3* glasses: (Silicate glass)

GS2 Gd-Ga-B-Ce*"

6.0 g/em’
GS3 o7 phvev GS3 Gd-Ba-Al-B-Si-Ce® )
76 s R W 5.9 g/lcm3 & 1154 ph/MeV with 25.4% @662keV & 323 ns
6.0 g/em’ GS5 Gd-Ga-Si-Ce** - 4
GS2 |sropntey b Gd_K_;_Sli ceey Other Highlights:
277 ns
T Density—6 g/em’ B Ultra-high density Tellurite Glass—6.6 g/cm?
GS1 o Light yield—1000 ph/Me
473 nls) Decay time—100 ns . . . .
B High light yield Glass Ceramic—3500 ph/MeV
0.0 0.5 1.0 1.5 2.0
Target parameter B Fast Decay Time Pr3+-doped Glass—100 ns
* The sample size is 5x5x5 mm?3, except for GC (5x5x2 mm3) B [arge size Glass—51mm™*SImm*10mm

i 22 TR '



100000 ¢

10000

1000

Light yield (ph/MeV)

100

GS Group Samples vs International Samples

B International glass GAGG .
® GS Group - — 71 DEHSIW}G.O gf{:m3 =T
A Typical scintillator / LY>1 010]0) pthEV
I aso IS L 6
BC418 T ﬁiéb _E Le VeReFl m Ce3*glasses
’ mg: ecHiU 2. Georgia Tech _EJ L] CERN i
sy @ * GS Group
4, Tgloku . m’- NRC HEU .m 5 -5
. %ﬂj - @® BGRI, SIOM ﬁ g
e 1.KMUTT cnu & KI\:UTT CBMA‘ 168U BRMOTT
" . sIC
6. AFO Research Inc. 4 il = W=l [ 4
AFQ Research Ing.
9. Le Verre Fluoré
| Tmh.l;uku HEU
[ 2 1 2 1 2 [ 2 [ 2 [ 2 [ 2 3 1 1 1 1 v ] ¥
1 2 3 4 5 6 7 8 0 1500 3000 4500 6000 7500

Density (g/cm?)

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

Light Yield (ph/MeV)

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

il 23 TR ' e



3.9 The Best Performance Achieved Currently

Small-Size
Size=5*5*5 mm3 ~1/4 BGO 2023.02
Density~5.9 g/cm3 — G360
LY~1070 ph/MeV
ER=24.4%
LO in 1us=899 ph/MeV ¥ P
Decay=92 (8%), 473 ns O S'MZD(;%;E?M
Large-Size
Size=40*40*10 mm? | P e
Density=6.0 g/cm3 ‘i" ﬂl\nm SEOME aco
LY ~1200 ph/MeV -
ER=33.0% N AR WAN
LO in 1ps=607 (51%) k= la;-\/ ‘\‘k
Decay=117 (3%), 1368 ns e e w50 i

i 22 TR )



4. The Tests of GS Samples of HCAL




4.1 The MIP response of GS Samples

CERN Muon-beam (10 GeV muon) DESY Electron-beam (5 GeV electron) | IHEP Cosmic-Muon- (3GeV muon)
I'1 glass tiles tested at CERN (2023/5) 9 glass tiles tested at DESY (2023/10) 4 glass tiles tested at IHEP (2024/4 )
CALICE-CEPC calorimeter prototypes Muon| Events
Beamparticles [N 44090 | 0 S s 0000000 0 7T
1
[ =7
Glass Tiles 0 g € oin dvicece
= EEEE e
(for Sc-ECAL + AHCAL) 1
.g 300 — RS U S , Eies 11816 | é 400 Entries 28800 | = - ‘ - [Eries 2679 | 32.482:;172
ek 1 vt S ' 1812 3 80— Eomon 9203
250:_ ' i:jd:,:l‘:)w 93-7: i %0 Underflow 11OG§ . 70; i;r'?-%f f: 11; /%%
B Overflow 736 300 Overflow 1345 | ; x‘:nv:m ;c:.ﬁigii
| s S S e < i | | oz | o = o
150; :',; 2 512&*,047;:35652 0::: | 200 :\Ar:a 4.945e+04 351?1;3;): . 40; é
E GSigm:a 9‘.2se:se-05:1..s?97e+01 150 : ‘°-3‘f‘4-35 : 30; é
100 FT T N 100 b .............. .............. 20; _i
50— 50— ...... ............... il i 10% —i
ok .5i0. . éo' T .15i0. % 2‘;0 £ 2éo iq 330 i 35\0 i .4(',0. e % 5o 100 150 200 250 300 350 400 450 500 Cleo S0 0 SO 00 R0 B0 el p.:(.m
P.E.
PE. . . . . . .
» Typical Light Yield: » Typical Light Yield: » Typical Light Yield:
500 — 600 ph/MeV 600 — 700 ph/MeV 600 — 700 ph/MeV
» Typical MIP response: » Typical MIP response: » Typical MIP response:
60 — 100 p.e./MIP 80 — 90 p.e./MIP 50 — 60 p.e./MIP

B 26




4.3 Study on the SiPM readout for GS

Pulse
Generator

power
Dark Room supply
O
~HUEghtSource M DT5751
TTL Synchronization

Entries

1005—

7001~
600~
500~
400/~
300/~

200;

channel =199.0

SiPM SH
Spectrun

B

0

O Ll

P (PSRRI IR NI IS i
500 1000 1500 2000 2500 3000

ADC [Channel]

O The SiPM readout design is being studied from different aspects:

» Intrinsic performance studies on different SiPMs -> select a proper SiPM type

single photon [Channel]

=
N
wn

250 A

225

200

175

150 -+

100 4

54 55 56
Voltage [V]

» The coupling design study of the SiPM and GS -> achieve good light output and response uniformity

i 27 TR '




5. Summary and Next Plan

i 2 TR )



5.1 Summary of GSHCAH R&D and Next Plan

» We have studied the PFA performance of the GSHCAL in the CDR baseline design, and the
impact of some key GSHCAL parameters on BMR was obtained.

» GSHCAL of nominal setup at CDR can achieve a BMR of ~3.6% (~5% improvement w.r.t
the AHCAL), which is a very promising alternative design.

» Design optimization of the GSHCAL at TDR is ongoing, in which the 4% Conceptual Detector
Design will be adopted

» To optimize the GSHCAL design for the TDR (currently the 4t Conceptual Detector Design

- 1s not ready in the simulation and reconstruction framework)
ext

Plan 3 The study of digitization process considering more parameters (transmittance, decay time and

non-uniformity etc.) 1s also ongoing and should be validated on test data.

» PFA performance combining the GS-HCAL & GS-ECAL will also be considered in next step.
i 22 TR )



5.2 Summary of GS R&D

goals goals
" "

Cost
Density g/cm3  7.13 7.5 6.6 6.0 5.9 6 ?
Hygroscopicity -- No No No No No No No
Radiation Length, X, cm 1.12 1.14 1.63 1.59 1.61 ? ?
Transmittance % 82 83 80 80 80 80 ?
Refractive Index -- 2.1 1.82 1.91 1.74 1.75 ? ?
Emission peak nm 480 420 520 390 390 ? ?

Light yield, LY ph/MeV 8000 3000 54000 1347 1154 1000 2000

AS-4 AS5 |

Energy resolution, ER % 9.5 7.5 5.0 253 254 25 ? Q9 \
. 60 80 90 = _f‘ i _“i_ P ro ' i'= f:_—-l_ 13 = LE=3 : : i=9 ‘a_n =%:—7- f,__
b 9 2 ?
Decay time ns 300 40 100 600 300 100 3007

O We need the truth requirment of the GS from the CEPC-HCAL to control the real cost of the GS.
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2.5 Preliminary Digitization Studies
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» The deposited energy is digitized based on the fluctuation from the p.e. number and the noise
» Readout threshold was set to 5*Sigma, ;.

» The noise, readout threshold and MIP light output are three correlated factors that impact the BMR; when the
noise fluctuation is better than ~10 p.e. (i.e. Thr. less than 50 p.e.) and the MIP light output > 80 p.e./MIP, the
impact of MIP light output on the BMR 1s not significant
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