Fast simulation of the CEPC detector
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CEPC overview 100k tunne;

20iab data in 240GeV, liab in 360GeV.

CEPC CDR:

Table 3.2: CEPC operation plan (@ 50 MW)

CEPC Fast simulation | B | Lperrp | Mntegratedl Total | Total no. of
Particle (GeV) | (10%cm s ) per year Years | Integrated L events
(ab”, 2 IPs) (ab”!, 2 IPs)
CEPC SnowmassReport H 240 8.3 ) 10 216 4.3 x 10°
Z 91 192* 50 2 100 4.1 x 10"
w 160 26.7 6.9 1 6.9 20 = 1P
F¥x 6
240 GeV, 20 ab~!|  360GeV, 1 ab™! s 360 08 02 2 L0 Loz R0
7H vvH ZH | vwwH | eeH * Detector solenoid field is 2 Tesla during Z operation.
** tf operation is optional.
inclusive 0.26% 1.40%| \ g
H—bb 0.14%| 1.59% |0.90%(1.10% |4.30%
H—cc 2.02% 8.80%| 16% | 20%
Eur. Phys. J. C (2017) 77: 591 Eur. Phys. J. C (2018) 78:464
Hogg 0.81% 3.40%[4.50% 12% fuf %]
R 2.80%|4.40%6.50% Vi = | ] Reconstruction overview:
H—ZZ 4.17% 20% | 21% e 2 } B
H = o7 0.42% 2.10%|4.20%|7.50% 1 1Iu 1; “;V \\‘:’ el B @@ Jet.
H — vy 3.02% 11% | 16% % N , Tr'ack.
H — pp 6.36% 41% | 57% : ? dE/dx:
HZg [Pl e A F Cluster time:
BrUPPBT(H — ?:'n;’U.) 0'07% %0 a0 100" 120 ‘\;\40 760 [N
PH 1.65% 1-10% Eur. Phys. J. C (2018) 78: 426
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https://arxiv.org/abs/1811.10545
https://arxiv.org/abs/1712.09517v1
https://arxiv.org/abs/2205.08553
https://arxiv.org/abs/1806.04879
https://arxiv.org/abs/2104.05029
https://arxiv.org/abs/2209.00397
https://arxiv.org/abs/2209.14486
https://arxiv.org/abs/2209.02932

Delphes

e Fast simulation framework

e Detector geometry information included.

* Reconstruction also handed;

 Why Delphes?
* Fast.

* Compact.

* Good enough.

* Evolving.
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~100 times faster than full simulation.

~100 times smaller than full simulation.

For most phenomenological study.

Optimized for agile CEPC development
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https://link.springer.com/article/10.1007/JHEP02(2014)057

Fast simulation: 2018 scheme CEFE,

CEPC

L —I—FullSimuIaliun e ZH. 75 qqilirq(:l | —I—Ful] simulation e eVTHL Zoovy, Hoo W'
—— Delphes - I —— Delph,
Layout nhame CEPC_v1 E P
3 E1000-
Magnet(T) 3.5 =
Track momentum (5(1/pP;), Gev-1) 2%107° . N e |
Impact parameter resolution 5um@10um ! >0 M ;?Ocev) 150200 ! > Mvisibll??(;ev)lso 200
Ecal resolution 20%/\E/Gev D 1%
Hcal resolution 60%/\E/Gev @ 1%
4% Boson Mass Resolution (BMR)
Mo-re details can be found in CEPC can be achieved in CEPC v1 fast
white paper —
simulation.
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https://arxiv.org/abs/1712.09517v1
https://arxiv.org/abs/1810.09037

Evolving layout

Ref-TDR

* Most2/Stitching layout vertex detector;

 ToF LGAD readout;

« SiW Ecal + Glass Scintillator Hcal: | 2024Scheme

Layout name Ref TDR
 TPC with dE/dx to 3% Vagnet(T ’
) TOF detector Included
Ecal resolution 30/0/% D 1%

...... Hcal resolution 40%/,/E/Gev P 1%
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Current results @Delphes CEPE

5 ><102
= + guﬁ)lslnult n
g ' * Based Delphes V3.5.0
E 2: b _ .
z ' '; * Maintained by Li Gang and Gao Xu.
v o | ————— * Delphes card available for analyzers &
T e theorists
E,s [GeV]
va(Jet Jet) _
i  Adapted for ee collision and easy for use.

* Simu&Reco, output as ntuple;

400
300
200

* BMR ~3.4%.

100
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https://github.com/oiunun/Delphes_CEPC

Adjustable variables

For Ecal and Hcal Detector geometry

ee-kt jet clustering
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Featuring ParticleNet

0.07: L ewGen o sweonssioacrowmgus e Confusion from shower fragments is
CEPC []zz—quq(ud) Cleaned 5 - ljzz* vqg Cleaned :
0-06:— []WW — uvqg (ud) Cleaned 0.06F %:’f:wg;“ciane ™ g . .
T _ oos. : the primary contributor to BMR.
g‘i 0.042 § 0.04/- E
5 oo 5 oo -« With ParticleNet, BMR can be
= o.ozz “ 002 ]
o0 00t reduced to 2.9% in latest result.
0=80 80 100 120 140 160 0= 80'{100 120 140160
m; (GeV) m; (GeV)
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https://arxiv.org/abs/1902.08570
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jet misid probability

jet misid probability
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Pcharge fiip for Delphes and GEANT4
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Summary

Delphes works well in current CEPC development

the Delphes framework and card is available

* On Ixslc: /cefs/higgs/gaoxu/delphes/delphes/cards/delphes_card CEPC_4th.tcl
* The full set CEPC SM sample set preparing.

* A tutorial website in the future with event display

e Current fast simulation consists with full simulation

* We are pleased to support: zhangkl@ihep.ac.cn
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Backup
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Jet Origin ID
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Delphes can not:

* Energy correlation
* Fake objects
e Particle interactions: ISR,

* Impact of detector design

Photon radiation
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