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 TDAQ overall design:
 Level 1 hardware trigger(L1) + 

High level trigger(HLT)
 Provide both normal and fast 

trigger menu
 L1: Calorimeter+Muon+(Tracker?)
 HLT: Full detector information

Introduction
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 Higgs mode (240GeV) bunch crossing rate: 1.33 MHz
 Higgs boson production rate: ~0.017Hz
 qq rate: 5Hz

 Z mode (91GeV) bunch crossing rate: 12/39.4 MHz
 Visible Z rate: 10.5/41.9 kHz

 Cosmic ray: ~56 Hz

 Di-photon processes: relatively high rate

 Generated by BesTwoGam(only for Di-photon), 
Whizard(for all other processes)

 Detector simulation using CEPCSW tdr25.3.6

Physical event rate
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 Physical processes:

 Higgs: ee→ZH
 Z→ee, μμ, ττ, νν
 H→bb, WW, ττ, cc, ZZ, ƔƔ, ZƔ, μμ …

 2/4 fermions: ee→qq, μμ, ττ, ZZ, WW…
 Di-photon: ee→ee+ƔƔ→ee+bb/cc/qq

 Background:
 Beam induced background(10000 events by Haoyu)

 Each event contains 10 BX(safe factor 10)
 Detector noise and other background(to be studied)

MC simulation at Higgs mode
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 ZH sample presented in this talk

 Z→νν

 H→bb, WW, ττ, ZZ, ƔƔ, ZƔ, μμ 
 Final state: jet, photon, and muon
 bb, ƔƔ and μμ will be shown as example

 5000 events for each process

Signal MC simulation: ee→ZH
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 Basic module for ECal: 1.5x1.5x40cm∼ 3

 Cluster modules into 40x40cm2 supercell
 Use supercell as trigger input
 15(Z)x32( ) in Z-  planeϕ ϕ

 Basic module for HCal: Barrel-Box(240/280/320 x 646mm2)

 Combine two in  and split into two in Zϕ
 20(Z)x32( ) in Z-  planeϕ ϕ

Calorimeter module 
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ECAL module

HCAL module

https://indico.ihep.ac.cn/event/25365/contributions/182409/attachments/88236/113864/2025_0304_RefTDR_ECAL_Updates_v3.1.pdf
https://indico.ihep.ac.cn/event/25365/contributions/182403/attachments/88267/113923/HCAL-TDR-Review%20V1.0.pdf


 Large energy 
deposition(>10GeV) for 
signal(H→ƔƔ, H→bb)

 Very tiny energy 
deposition(<0.5 GeV) for 
beam background, mostly 
from pair production

 One beam background 
event contains 10 BX

Barrel supercell energy distribution 
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H→bbH→ƔƔ Beam background



 Similar to barrel for signal

 Relatively large energy 
deposition(~5GeV) for beam 
background

Endcap supercell energy distribution 
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H→bbH→ƔƔ Beam background



 Maximum energy for each sub-detector
 Beam induced background contributes 

little(<1GeV) on calorimeter, except ECal 
Endcap

 A baseline set of energy threshold

 Background efficiency is less than 0.5% 
when any single threshold is used alone

 A blue line shows the value for Endcap

Maximum energy distribution 
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Subdetector Threshold(GeV)

ECAL Barrel 0.38

ECAL Endcap 7.7

HCAL Barrel 0.05

HCAL Endcap 0.33



 Threshold value can be modified for different 
physics requirement

 A group of sets are tested based on the baseline 
set, by multiply a “threshold factor” to all the 
four threshold

 Only the ZH production with an efficiency below 
99%, the di-photon processes and background 
are shown 

 Signal processes are affected if the final state 
contains only neutrinos and muon

Efficiency vs threshold 
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 For most of the signal events, efficiency > 
0.99

 μμ too forward

 Efficiency up to 0.935 if at least one 
muon inside calorimeter

 Three 4-fermions contain only neutrinos 
and muon at final state

 Neutrinos energy > 200GeV

Efficiency for baseline threshold 
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 Top: signal Z(νν)H(μμ)
 Bottom: beam background

 Black hits: hits for all 2000 events
 Color hits: hits for single events

 Count number of muon hit inside a 
small cone(baseline radius)

 Barrel: dR<0.05
 Endcap: dR<0.007

Muon detector
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H→μμH→μμ

Beam background

Beam background



 Red line: baseline cut for the number 
of hit

 Barrel > 3
 Endcap > 5

 Background efficiency: 0.0119
 H→μμ efficiency: 0.9648

Number of hit
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H→μμ

H→μμ

Beam backgroundBeam background



 Z(νν)H(μμ): Combine: 0.994; Calo: 0.979; Muon: 0.965
 ee μμ: Combine: 0.96; Calo: 0.935; Muon: 0.854→
 Beam bkg: Combine: 0.030; Calo: 0.019; Muon: 0.012

Combine efficiency
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 Left: Z(νν)H(μμ); Right: Beam background
 Too many hits from beam bkg, difficult to use

Tracker: Vertex
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H→μμ

Beam bkg



 Left: Z(νν)H(μμ); Right: Beam background
 Less hits than vertex

 Only 3 layers(+1 layers for OTK), difficult to do tracking

Tracker: ITK
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H→μμ

Beam bkg



 Offline track reconstruction
 Build “CompleteTracks” from all tracking subdetector
 Beam background:

 ~1s / event for both ZH and Z mode
 Efficiency: ~20%(N track > 0)

Software trigger
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 Trigger simulation & algorithm results are shown in this talk

 L1: use Calorimeter&Muon(Track to be studied)
 HLT: apply offline track reconstruction algorithm

 Future:

 Detail calorimeter cluster algorithm: radius/depth/location/CoM…
 Tracking algorithm for L1
 ML(BDT, DNN, CNN…)
 Optimize different sets of threshold
 Detector noise
 ...

Summary and Outlook
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CEPC Electromagnetic Calorimeter

https://indico.ihep.ac.cn/event/25365/contributions/182409/attachments/88236/113864/2025_0304_RefTDR_ECAL_Updates_v3.1.pdf
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Review on HCAL TDR

https://indico.ihep.ac.cn/event/25365/contributions/182403/attachments/88267/113923/HCAL-TDR-Review%20V1.0.pdf
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