Q R Institute of High Energy Physics Chinese Academy of Sciences

s Scing;,
\'a(’ /6, >
2 = / WEP | WY L A
1 o RARR

The Simulation of the GSHCAL for
CEPC

Peng Hu, Yuexin Wang, Dejing Du, Yong Liu, Mangi Ruan, Sen Qian

Institute of High Energy Physics, CAS
On behalf of the CEPC Calorimeter Working Group &
the Glass Scintillator Collaboration

The 2023 International Workshop on the CEPC @ Nanjing University, Oct. 2023



Outline

1. Motivation and Introduction
2. GSHCAL intrinsic performance and PFA fast simulation

3. PFA full simulation based on the GSHCAL

4. Summary

2023/10/26 The 2023 International Workshop on the CEPC



1.1 Motivation

Future electron-position colliders (e.g. CEPC)

« precision measurements of the Higgs and Z/W bosons

« Challenge: jet energy resolution < 30%/./E(GeV) &

Boson Mass Resolution (BMR) < 4% wacker _ECAL AL

PFA-oriented detector: baseline design — the 4t conceptual design | | T =

Yoke + Muon Scint Glass Advantage: Cost effective, high density
RPC or u-RWELL) Challenges: Light yield, transparency,

\radiation hardness, mass production

HTS Solenoid Magnet (3T /2T )
Magnet Between HCAL & ECAL, or inside HCAL

(3T/2T)

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

LumiCal

Transverse Crystal bar ECAL

Advantage: better %y reconstruction

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

S  PFAHCAL
(AHCAL or DHCAL)

Si Pixel Vertex A Drift chamber

PFAECAL that is optimized for PID

(Si/W or Scint/W)

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin enough

. . not to affect the moment resolution. Need a
TPC SET Muon+Yoke Si Tracker Si Vertex supplementary ToF detector
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1.2 The 4t Conceptual Detector Design

More details in This Talk

Drift chamber HTS Solenoid Transverse Glass Scintillator
for PID Magnet (ST / 2T ) @ Crystal bar ECAL HCAL

Advantage: Cost effective, high density

N |\ f = Challenges: Light yield, transparency, mass production

€ Further performance goal: BMR 3.8%—3%

€ Dominant factors in BMR: charged hadron
fragments & HCAL resolution

« Higher density provides higher energy
sampling fraction

« Doping with neutron-sensitive elements:
Improve hadronic response (Gd)

« Large 4, is beneficial for a relatively
compact structure

Muon+Yoke Si Vertex Si Tracker
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https://indico.ihep.ac.cn/event/19316/contributions/142740/

1.3 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

Standalone Single
GSHCAL KaonOL

Hadronic energy BMR from fast/full

- resolution simulation
Together with

Phyvsics l other detector A ¢
Mgdlels ‘ response Physics

L L Ob‘ t

Whizard+ \ Fast Simulation ’ec - Hig,,_.m.
Pythia . . Reconstruction
(parameterization) / gy

ucted

MCParticles N = _-— . - "
Particles

Simulated Tracks &
Detector Hits Calorimeter Hits

Detector Detector Hits

Full Simulation
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2.1 GSHCAL Intrinsic Performance Simulation

« Standalone GSHCAL module
 Similar to the AHCAL in CEPC baseline design
» Replace plastic scintillator with glass scintillator
 Glass scintillator material
« Composition: Gd-B-Si-Ge-Ce3*
« Primaries input: Single K¢

« GSHCAL nominal parameters

Total number of layers 40

Total nuclear

. . 54

interaction length
Glass tile size 40%x40%x10 mm?3 il \ ‘

. | CALICE AHCAL
3 [ s . : 3

ELEES ST 6g/cm | SiPM=on-Tile Design

Readout threshold 0.1 MIP
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2.2 PFA Fast Simulation based on the GSHCAL

O MCParticle input: 240 GeV e+e- - voH (H — gg)

- - 7 i i
O Modeling (based on basell_ne results except for the GSHCAL) 240GV wHoge
» Energy/momentum resolution gt nrinsic subdetector resolution |
> TraCker ~01% .3_Q. E 24 1+P§zo:on£é‘>ﬁ.2(;§ev
. g L 332 +C§’wrged§Pt> 0.??GeV
» Si/WECAL 17%/VE @ 1% S ST S cofson ||
» GSHCAL Energy resolution based on intrinsic performance 2 ) 5) 4+ Neutral Hadron E>29GeV | | |
. . = 46 S ATCeptance 1CosHf < 0.99 b L e
SImUIatlon § 74 6+C§mrgedéﬂadmmfmgmem.s +
> Enel’gy/momentum threShOId E 3: 38 f*‘rrffé'imufaf;fgﬂkewfr :
> Track P> 0.2 GeV f% SR NV O
> PhOtOﬂ E > 02 GeV 2:_.. ........ + ............. + ............. * ............................................... ............. B
> Neutral hadron E > 1 GeV SRR A
» Acceptance |cosf| < 0.99 b2 Ef?ectSS 6 7 8
Standalone Single
GSH_CAL Ka-onOL

¥ ¥ « Comparable results between
Hadronic energy BMR from fast/full the fast and full si lati
resolution simulation € Tast ana Tull simulation

et detoetor A for the baseline design

other detector
response Physics
Objects

Fast Simulation / ’
Reconstruction
cted

(parameterization) / gosesisy

——— Particles

Ph)}sics
Models

Whizard +

MCParticles

-
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2.3 Impact of Density .

Glass Cell Size 40x40x10 mm3

Total NIL 51
Readout Threshold 0.1 MIP
Energy Resolution vs. Glass Density
35 : : | T T | T T T T T ]
L : 4} Density=3gler?, 3—2‘,1E1% ® 10.04%, 42/ndf=87 64/9 L FastSimu 4
C il ) 3.1~ Thickness = 10 mm, 40 Layers —
] 0] L R S p— Density=4g/cn’, %@9.33%, Indf=138.53/9. L i
| i i
- + Density=5g/cr’, 2—8&% @ 8.62%, 3°/ndf=127.20/9 L -
o5 x ........................ e . - -
o) - 'l ' + Density=6g/cn’, 2—6&% @ 8.34%, y2Indf=157.24/9 — 3 —
o - 0 i |
c 3
© — Density=7glen’, 24322 & 7.95%, 42/ndf=109.40/9 — L 4
IS T —I- s (= :
% - Density=8g/cn’, Z—ZfE‘% ® 7.65%, 44Indf=226.17/9 % L i
X - . L —
S N M s — 2.9} _
L e P ——— . -
: : 28 — ]
5 B | | | 1 | 1 | 1 | 1 | | i | 1 | i | 1 | i - | | | —
0 20 40 60 80 100 : : : : : : :
Incident particle energy [GeV] 4 6 8

Glass Density [g/cm’]

O Higher density — higher hadronic energy resolution & better BMR
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2.4 Impact of Total Number of Layers
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Resolution [%]

35

30

25

20

15

10

O Increasing number of layers — higher hadronic energy resolution & better BMR

Energy Resolution vs. Layers

IIII|IIII|IIII|IIII|IIII|IIII
a

+

_ L 50layers, &\(EZ% @ 8.13%, ¥3/ndf=170.13/9

31.57%
30 layers, === @ 8.94%
= 0 X

40 layers, 26-\(5_0% @ 8.35%, ¥3/ndf=156.12/9

E

2Indf=149.71/9

— L 60layers, % @ 7.61%, ¥3/ndf=184.63/9

40

i
60 80

Incident particle energy [GeV]

3.1

BMR [%]

2.9

2.8

Glass Cell Size

40%40x10 mm3

NIL of Sampling

Layer 0.125 2
Glass Density 6 g/lcm?
Readout Threshold 0.1 MIP

FastSimu 4
Density = 6 g/cm®, Thickness = 10 mm —

Number of layers
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2.5 Impact of Glass Thickness
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Resolution [%]

35

30

25

20

Energy Resolution vs. Glass Thickness

=

Glass Thickness: 5mm, %SE% @ 9.13% ¢2ndf=125.25/9

Glass Thickness: 8mm, %&E‘% ® 8.61%, y2indf=121.68/9

Glass Thickness: 10mm, %5.;% @ 8.34%, y¥ndf=157.24/9

Glass Thickness: 12mm, 2434% & § 129, y2/ndf=121.710

Glass Thickness: 15mm, %%5% @ 8.08%, y%/ndf=125.31/9

0 20 40

60 80 100

Incident particle energy [GeV]

BVIK [Yo]

3.1

2.9

2.8

Total Number of Layers 40
Transverse Cell Size 40%x40 mm?
Total NIL 54
Glass Density 6 g/cm3
Readout Threshold 0.1 MIP
| T T | T T T T ]
FastSimu -
Density = 6 g/cm’, 40 Layers —
. _
| 1 1 | 1 1 1 1 ‘ N
5 10 15

Glass Thickness [mm]

O Thicker glass — higher hadronic energy resolution & better BMR
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3.1 PFA Full Simulation with the GSHCAL

O Setup
GSHCAL

« Based on the CEPCSoft framework and CDR baseline design _
SiI/W ECAL

but replacing the AHCAL with glass scintillator/steel HCAL
* Primaries input: 240 GeV e+e- - voH (H — gQ) '

* GS material parameters: as shown in right figure
* GSHCAL Nominal Parameter

Total Number of Layers 40
Combosition Density MIP Edep NIL
. 3 P (g/cm3) (MeV/mm) (mm/A)
Glass Cell Size 40x40%x10 mm
Simu-GS1 ~ Gd-B-Si-Ge-Ce3* 0.115 1226.5
Simu-GS2  Gd-B-Si-Ge-Ce?* 3 0.331 476.6
ol Rurel s 54 Simu-GS3  Gd-B-Si-Ge-Ce’* 5 0.573 286.0
. 1mu- -B-51-Ge- . .
Interaction Length (NIL) . THEE
Simu-GS4  Gd-B-Si-Ge-Ce?* 6 0.695 238.3
Glass Density 6 g/cm? Simu-GS5  Gd-B-Si-Ge-Ce3* 8 0.94 178.7
" _ R_Qq_ o 3+
Readout Threshold 0.1 MIP Simu-GS6  Gd-B-Si-Ge-Ce 10 1.188 143.0
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3.2 GSHCAL Geometry Barrel

Endcap

EndcapRing

Barrel

 In following slides, the volume of HCAL will be
calculated from the volume sum of Barrel, Endcap
and EndcapRing according to their geometry
parameters

The 2023 International Workshop on the CEPC
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3.3 Event Reconstruction and BMR Analysis

O Setup
« Arbor PFA s applied

» The readout threshold in each glass cell was set to 0.1 MIP

» Eventselection cut: Pt ISR<1 GeV && Pt _neutrino<l GeV && |Cos(Theta_Jet)|<0.8

« The BMR will be obtained from the total invariant mass distribution of all reconstructed

final-state particles

Physics
Parameters

Physics
Models

Physics

Objects
' High-level
Reconstruction

Tl Reconstructed
Particles
» The CaloHit digitization, I
including the scintillation Simulated -
i — Calorimeter Hits
process and readout time T e "1
window were not considered |
in the following results | S “y Deteciortis
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3.4 Impact of Transverse Size

E'Duggx-llnilllll
Total Number of Layers 40 E F ]
38- T = Glass Thickness 10 mm %ﬂ'%;— '

r ] 50.97F .
3.75— 3 Total NIL 521 E : :

B ] - NogE —%—%—%—8—%

C ] 3 i

3_7:_ = Glass Density 6 g/cm g : :
'33.65:— e Readout Threshold 0.1 MIP +0.85 0508040 50 60
;? E ] Transverse Cell Size [mm]

= 3'6? E #Glass ¢Steel gTotal 0 coxlIlf

355 A NI —F—F @ "
- ] —100 2 40 :

3.5 = E 9o S ]

- : 2 80 g 30 ;
3.45— = 5 70 E 20 ;

e v e e e e ey 14l :E En . . . . Z ;

10 20 30 40 50 60 50 = 10 .

Transverse Cell Size [mm] AP AW, U, UL, S o PRI A
10 20 30 40 50 &0 = 10 20 30 40
Transverse Cell Size [mm] Transverse Cell Size [mm]

« The transverse size of the glass cell is a very important factor for the granularity and total number of
readout channels of the GSHCAL

« Considering the PFA performance and total number of readout channels, a transverse size of 40 mm
will be chosen for current design

2023/10/26 The 2023 International Workshop on the CEPC




3.5 Impact of Glass Thickness
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'E x'-llqa'."|""|""|""|""|
Total Number of Layers 40 E 12F ]
o L
E I T 1 2 [} C
3.61 3 Transverse Cell Size | 40x40 mm LRR: ;
=3 E S
3'62 - Total NIL 51 < £ 1
3.50 E Glass Density 6 g/cm3 - {]95
33.58? E Readout Threshold 0LMIP | B g
=357 Homogenous = Glass Thickness [mm]
= 3.56 = #Glass  #Steel Total o x10f
3550 = 160 T T T e
TF 7 _5_,140 O
3.541 = E:ﬁg *E 3.2F ]
3.53 = 2 80 % af 1
= 3 = B0 3 [
3'52+_‘ | | | | | | | | | | | | | | | | | | ‘ | | | I_~[ ::E 40 Z :
5 10 15 20 25 30 20 o 2.8 .
Glass Thickness per Layer [mm] o I dor o e
10 15 20 25 = 5 10 15 20 25 30

Glass Thickness [mm)] Glass Thickness [mm]

A thicker glass cell is conducive to a higher sampling fraction and a better BMR, though the transmittance
and the position response non-uniformity will become worse; besides, the glass thickness will be also
limited by the total thickness of the GSHCAL

A glass thickness of 10 mm will be chosen for current design, considering the BMR improvement
provided by a thicker glass cell is not significant and the GSHCAL thickness is within a reasonable range

The 2023 International Workshop on the CEPC 15




3.6 Impact of Number of Layers

E ?:1Ind.llllll
E E'_ .
T | T T T 1T T T T T 1 T T 1 T T 1 T T 1 T GIaSS Ce” Size 40><40><10 mm3 E E
L i @ X
44— — ; 1.5F ]
B ] NIL of Sampling 0.125 1 -E :
- . Layer = ]
42— — Glass Density 6 g/cm?3 : -
L - < o ]
—_ i ] Readout Threshold 0.1 MIP o OSE® ]
X a4 N L 20 30 40 50 60 70 80
e - Total Number of Layers
< i i
@ 5g0 ] #Glass ¢Steel ¢ Total o xi0f
- - T 10 a
- ] Q 8
3.6— — h
r T o
- ] € 5+ .
3_4_|_| | | 11 | 11 1 | ‘ | | 11 | | | | | ‘ | | | | ‘ | | | | |_Y_ E
20 30 40 50 60 70 80 =
The Number of Layers 0 S £ te
20 30 40 50 60 70 80 = 20 30 40 50 60 70 80

Total Number of Layers Total Number of Layers

« The increase of sampling layers will improve the total nuclear interaction length and suppress shower
leakage, which is beneficial to achieve a better BMR

« 40 sampling layers will be chosen for current design, considering the BMR improvement provided by
more sampling layers is not significant and the GSHCAL thickness is within a reasonable range
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3.7 Impact of Number of Layers After Merglng
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E'EI E}’Q?{ T T T T T
Total Number of Layers 40 E
:I T 1T 1T T T T 1 1T T T T 1T T T 1 1T 1T T \: ) ﬂmj{]lgg_ -
378 = Glass Cell Size 40x40x10 mm3 | @
- - 20.97F ]
3.761 E Total NIL 52 il
3.74— = Fn agE #H—# &
3.72— = Glass Density 6 g/cm? g
X 3.7 = Readout Threshold 0.1 MIP 10 95t 10 15 20 25 30 35 'J;ij'
o 3.68° — #Layer After Merging
o 3'662_ é #Glass  #$5Steel gTotal T
3.64— E 110pFF—— T E L s e
3.62 — —100 = 25F
36— E E 90 Sk
- E @ 80 8 2% :
38 | | | | | E E 2o E sf umber of ;
[ 1| | N | | | | | I |11 | | N | | — : . - - -
10 15 20 25 30 35 40 £ 60 * N Electronics ;
The Number of Layers After Merging 50 - & Lé' Channels %
10 15 20 25 30 35 40 = 10 15 ED ‘25 30 35 40
#Layer After Merging #Layer After Merging

By merging the signal in the cells from adjacent layers into one channel, the BMR will suffer from
degradation to some degree but the number of electronics channels can be saved

Merging two layers are found to be a effective way to save the number of electronics channels and
has little influence on the BMR
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3.8 Impact of Glass Density

'E 3"7::"1'13:.'“ T IRRARE RRRRE T T
Total Number of . E 1.2F .
- . Layers % s ;
- - Glass Cell Size 40x40x10mm3 | = F
3.8 = [& C
C ] E 1 .
B ] Total NIL 521 -
3.75 - Z 09F 3
C ] 2 T TP T TP P PO i 3
;o a7t E Readout Threshold 0.1 MIP T PSR ETTE
= L ] Glass Density [g/cm’]
Z 3.65— — #Glass #Steel @Total a xi0f
- - 1 B S e
3.6 B 5 ]
- ] b
[ ] £ _
3.55: - = ]
= | | ‘ I | ‘ | Y | ‘ | L1 1 ‘ | Y | || | [ | I I | ‘ | E -
i 2 3 4 5 6 7 8 < ]
GlaSSDenSIty[glcmS] 4ﬂ [T T ETETE PETTE PRV ST, E --I....I....I....I....I....I....I....
12 3 4 5 68 7 B = 12 3 4 585 6 7 B

Glass Density [g/em’] Glass Density [g/em’]

» The glass scintillator with a higher density is beneficial to a better BMR and more compact design,
but the scintillation performance will also degrade to some extent

« glass density of 6 g/cm3 will be chosen for current design, considering a balance between the
scintillation performance and the BMR
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3.9 Baseline Design vs. GSHCAL

Readout Analog Analog Digital 0'065 Vs = 240GeV E
Number of layers 40 40 40 005 ZH,Z-vv, H-gg —
0.125lambda  0.125 lambda  0.12 lambda 20 04i B
Layer thickness (3mm GS (3mm PS (3mm RPC ST ]
+18.8mm Steel) +20mm Steel) +20mm Steel 2 0_03:_ DHCAL BMR: 3.68% E
Total Nuclear S - AHCAL BMR:3.77% :
Interaction Length 5 lambda 5 lambda 4.8 lambda < 002 -
e - GSHCAL BMR: 3.70% ]
. 40x40 mm? 40x40 mm? 10x10 mm? 0.01— —
Cell Size C ]
S e e 6 g/cm? 1 glom? \ Q050" 809005 110 120 130 140 150 160
Density M, GEV
3 3 3
ALV 13 mS(GS) 14 m3(PS) 14 m gRPC) and AHCAL
81 m(Steel) 91 m(Steel) 91 m*(Steel) - Gaussian fitting range: Mean + 2 RMS
Number of Cells 2.7x106 2.8x106 4.5x107 B

» 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
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3.10 Different GSHCAL Design

""" BERRRREE RN R RN AR AR RN RS
Readout Analog Analog Analog 0'06§ Vs = 240GeV B
Number of layers 40 40 40 0.05 - ZH,Z—-vv, H—=gg ]
0.125 lambda  0.125 lambda > T .
Layer thickness (3mm GS (10mm GS (02.;275r:1arrr?tc)5d§a) & 004 B
+18.8mm Steel) +13.9mm Steel) ' Ig 0 03:_ GSHCAL1 BMR: 3.70% _:
Leiel NI 5 lambda 5 lambda 5 lambda S F  GSHCAL2 BMR: 3.59% .
Interaction Length < 0.02— ] =
- GSHCAL3BMR:3.37% ¢ ]
Transverse 40%x40 mm? 40x40 mm? 20x20 mm? 0.01— -
Cell Size b -
Sensitive Material e e ]
Densit 6 glcm? 6 g/cm? 6 g/cm? %o 70 80 90 100 110 120 130 140 150 160
ensity M,icie GEV
HCAL Thickness 873 mm 962 mm 1218 mm _ _ _ ]
13 M(GS) 46 m(GS) 3 « Comparing different GSHCAL design option
HCAL Volume 81 md(Steel) 64 m3(Steel) 159 m3(GS) _ o
« Gaussian fitting range: Mean + 2 RMS
Number of Cells 2.7x106 2.9%x1068 5.4x107

» The GSHCALZ2 design is slightly thicker (+30 mm) than the AHCAL, but the BMR can reach
~3.6% and be improved by ~5%

» The GSHCALZ3 is a homogenous design, with which the BMR can reach ~3.4% and show
~10% improvement, but the total volume and readout channel will also increase significantly
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Summary

O The PFA fast and full simulation based on the GSHCAL with different setup
was studied, together with its intrinsic performance; significant discrepancy
between the fast and full simulation needs further study

O The GSHCAL of nominal setup will slightly increase the thickness, but the BMR
can reach ~3.6% and show ~5% improvement w.r.t the baseline AHCAL design
(~3.8%), which is a very promising alternative design

O Fine tuning of the PFA parameters is needed and will be further studied; the
study of digitization process is still ongoing

O Investigate the overall PFA performance combining the GSHCAL and crystal
bar ECAL will be considered in next step
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The Boson Mass Resolution

O In order to avoid the complexity induced by the jet clustering algorithm in events with hadronic final
states, the Boson Mass Resolution (BMR) defined as the mass resolution of these hadronic systems is
Introduced to quantify the detector performance

O The BMR is a very important index for the achievement of the major scientific goals in the CEPC

« BMR < 4% is necessary to achieve a separation larger than 2o between W and Z bosons in
their hadronic decays!!]

« BMR < 4% is generally required in the Higgs width measurement via e+e- — voH(—bb)Z,
the measurement H -» 777~ via e+e- — Z(- qq)H(— vt 7) and the study of the Higgs
invisible decay via e+e- - Z(- qg)H(- invisible)ll

R VR B TR LR R R ik :
1.5"— 1.4 E ]
_ [ _12f #‘M“H‘—
£ = | S i e
= g 1 &t ~
g g F S gt ',4/'
3 1 < | i ] <ogfi 1 S : 1
o(wH, H = bb) | L o(qqH, H — 77) ]| taly bat? o(qqH,;H — inv) |
T ] [ ] oob 11 5 ] [1] CEPC Conceptual Design Report: Volume 2,
M Ll g lzses sheacleidole s alonis ‘ i L 4 arXiv:1811.10545.
0 5 10 15 20 0 5 10 15 20 -
S 0 i [2] H. Zhao, arXiv:299 1806.04992

[3] D. Yu, doi:10.1140/epjc/s10052-019-7557-y
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Digitization for Readout Time

- ]

3.48— -

3.47— =

» Only the (G4)step whose time is within — . F E
the time threshold will be considered %3'46:— :
2345 e

> Threshold 0 means no time digitization 3a4F E
(i.e. all steps will be used) CF .
3.43— e

342 ]

| | | | | | | | | | | | ‘ | | | | | —
500 1000 1500 2000
Readout Time Threshold [ns]

o_

« The readout time threshold has an important impact on the slow signal (mainly caused by neutrons);
more slow signals will be rejected as the time threshold decreases, thus the energy resolution and
the BMR also become worse

« Ahigher readout time threshold is beneficial to obtain a better BMR but the improvement is not
significant, thus 1 us is considered to be enough
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Digitization for Detected Photoelectrons

- L T lb_415 rb_650
~ Entries 192418
a) PEgecteq =|Gaus( Poisson(Mean_pe)l, Sigma) 1000| - o o
o e e
b) Edepdetected = I:)Edetected/ MIPLO - 2EE:ggfna gziggigilz
*%' 600_— Pe.d_Sigma 31.67 +0.33
o Simga = 8 B i:];:\ 3.86e+13152iog.§9%f;:
Sqrt(Poisson(Mean_pe)*SPE_Sigma?+Ped Sigma?) a0~ [ -
Poisson sampling with consideration of the scintillation 200 .
process and the photon detection efficiency of the SiPM; e | | o ]
the Mean_pe is the mean detected p.e. for MIP (p.e/MIP) %0 200 400 600 800 1000
ADC channel
Gaussian sampling with consideration of the fluctuation of . neasured SPE spectrum of Hamamatsu
a given photoelectron signal, which is caused by the $13360-6050CS, fitted with convoluted
fluctuation of the pedestal (the electronics noise, denoted Poisson and Gaussian function mentioned
as Ped_Sigma) and the single photoelectron signal (from above to obtain SPE_Sigma and Ped_Sigma

the gain and the amplifier, etc, denoted as SPE_Sigma)
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Digitization for Detected Photoelectrons

3.48[ =
3.47° =

> The energy deposition is sampled based 3.461 E
on the method mentioned in last slide ;03-452 E
344 =

» Readout threshold was setto 5 p.e. Z3.43 ~
3.420 =

» 0 p.e./MIP means no digitization for 3415 E
detected photoelectrons (i.e. the energy 3.4F E
threshold of 0.1 MIP is used) S E N SR RN

0 50 100 150 200

MIP Light output [p.e./MIP]

« The MIP Light output will have a significant impact on the fluctuation of electronics signal and thus
a very important factor to the BMR

* MIP response of 50 p.e./MIP is enough to obtain a optimized BMR based on this preliminary
simulation
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Requirements of Detector for the CEPC

Key Specifications Key technology

Silicon vertex detector 0,4~ 3 um, X/X, < 0.15% (per layer) Spatial resolution and material
.- 1) _ 5 1x1073 1 ) -
Silicon tracker o (pT) 2x10° D oxsin20 GeV Large-area silicon detector
TPC/Drift Chamber Relative uncertainty 2% Precise dE/dx (dN/dx) measurement
Time of Flight detector o(t) ~ 30 ps Large-area silicon timing detector
I : :
Electromagnetic Calorimeter EM energy resolution ~ 3%/./E (GeV) High granularlt){
Granularity ~ 2 X 2 x 2 cm? 4D crystal calorimeter
Single hadron ¢34 ~ 40%/.,/E (GeV)
Hadronic Calorimeter Jet a;et ~ 30%/+/E (GeV) Glass scintillator HCAL
Support PFA reconstruction
Ultra thin Magnet field 2—-3 T
Magnet system High temperature Material budget < 1.5 X,
Superconducting magnet Thickness < 150 mm
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The Glass Scintillator

-~
:
HND-S2
BC418-_

Plastic Scintillator Glass Scintillator Crystal Scintillator
High light yield High light yield A 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
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