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◼ TDAQ overall design:

− Data fully read out from front-end 
electronics

− Level 1 hardware trigger(L1) + High 
level trigger(HLT)

− L1: Calorimeter+Muon+(Tracker?)

− HLT: Full detector information

◼ Simulation manpower: 

− Boping Chen

− Dong liu (Graduate student)

Introduction
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◼ MC sample simulation (CEPCSW)
− Physical processes simulation
− Signal background mixing
− Cosmic ray study
− Beam background study
− Di-photon process
− Electronic noise

− ...
◼ Trigger algorithm study

− Vertex, Tracker(ITK, OTK), TPC, Calorimeter, Muon
− L1 algorithm: fast track reconstruction, calorimeter cluster, Muon track...
− HLT algorithm: track trigger, event size compress(for TPC, Calorimeter), ... (PID?)

◼ Hardware firmware/HLT development
◼ Trigger efficiency (Higgs/background/... rate)

Simulation study
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Challenge: track trigger(page 17,18), 
TPC (page 19)

https://code.ihep.ac.cn/cepc/CEPCSW


◼ Basic module for ECal: ∼1.5x1.5x40cm3

− Cluster modules into 40x40cm2 supercell

− Use supercell as trigger input

− 15(Z)x32(ϕ) in Z-ϕ plane

− Left&middle: single event ECal Barrel energy distribution

− Right:  Maximum ECal module energy distribution

ECAL Calorimeter module 
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ECAL module

H→bb
Beam background

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


◼ A set of energy threshold applied to ECal/HCal, Barrel/Endcap

◼ Very good efficiency for most of the physical process

Calorimeter energy threshold 

efficiency
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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 with R>1m: dR<0.01

− Endcap with R<1m: too many background, need further 
study

Muon detector
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H→μμH→μμ

Beam background

Beam background



◼ Blue line: baseline cut for the number of hit

− Barrel > 1

− Endcap with R>1m > 1

◼ Efficiency: 

− H→μμ=0.998; ee→μμ=0.979; Background=0.016

Number of hit
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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

− May be able to reconstruct 2D track, need further study

◼ Combine ITK/OTK and Muon doesn’t improve Muon efficiency

Tracker: ITK
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H→μμ

Beam bkg



◼ Reads all TPC raw data, and 
uses trigger info to integrate 
34 µs data segments sent to 
DAQ

◼ Data is packed in blocks by 
Trigger ID for parallel 
processing

◼ Need to study the algorithm to 
match the TPC data using 
other subdetector information, 
and compress the TPC data

◼ New physics/low energy event 
may also need TPC to trigger 

TPC
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By Xu Zhang



◼ L1 Trigger simulation & algorithm results are shown in this talk

◼ Future:

− Detail calorimeter cluster algorithm: isolation/depth/location(back to 
back)/CoM…

− Tracking algorithm for L1

− Detector noise

− ML(BDT, DNN, CNN…)

− Trigger for BSM

− ...

Summary and Outlook
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Backup
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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: 4kHz ~ 9kHz

◼ Generated by BesTwoGam(only for Di-photon, need 

further study), 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)

⚫ Need further study for the background process

− 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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◼ 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

◼ Use supercell energy as input

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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◼ Offline track reconstruction

◼ Build “CompleteTracks” from all tracking subdetector

◼ Beam background:

− ~1s / event for both ZH and Z mode

− Efficiency: ~20%(N track > 0)

− Other tracking information(pT) will be studies

− Need more background events for HLT 

Software trigger
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MC name

21



◼ CEPC software & Sample generation for CEPC

◼ Sample generated by Kaili

Cross section
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http://cepcsoft.ihep.ac.cn/guides/Generation/docs/ExistingSamples/#240-gev
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Bhabha cross section from generator

◼ From babayaga，remove energy cut，add theta cut [8, 172] 

⚫ Higgs: ~1000 pb，～100Hz;    Z: 6593pb，～2kHz

◼ From Whizard：

⚫ Higgs: 743 pb;     Z: 13147pb，～6kHz

◼ BesIII bhabha from babayaga：800Hz, 800nb
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Bhabha cross section from theory 

paper
◼ Large-angle Bhabha scattering, Link

− 10<θ<170（CEPC: 8-172）

− Z pole: ~6000pb=6nb，close to babayaga result

◼ Naive calculation:

− σ~1/CoM2

− ZH pole bhabha xsec = Z pole bhabha xsec *91GeV*91GeV/240GeV/240GeV

− =Z pole bhabha xsec（~6nb）*0.144~0.9nb

https://www.sciencedirect.com/science/article/pii/055032139190328U
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Di-photon from Guinea-Pig

◼ Beam background：electron pair production(ƔƔ→ee)

− Generated using GUINEA-PIG by Haoyu

− For higgs mode: ~1000 collision for one BX

◼ Hadron final state(ƔƔ→qq) using GUINEA-PIG：

− Total hadron final state: 2 kHz, 25 nb

− Minijet (ƔƔ→jj): 33 Hz, 413 pb (pT>2GeV)
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Di-photon paper 1

◼ Top: di-photon cross section vs energy

◼ Bottom left: di-photon energy distribution, theory 

calculation by prof.代建平

◼ Integrate to get the final cross section:

− From 0.1GeV to 200GeV

⚫ Higgs: 850pb (68Hz)

⚫ Z: 917pb

− From 0.01GeV to 200GeV 

⚫ Higgs: 4150pb (~300Hz)

⚫ Z: 4560pb;

2016 Chinese Phys. C 40 053001

https://iopscience.iop.org/article/10.1088/1674-1137/40/5/053001
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Boost Decision Tree

◼ Choose two leading energy supercells for Ecal/Hcal; Barrel/Endcap

− Totally 8 values(input features)

− Signal: Z(νν)H(γγ, γZ, bb, ττ , WW, and ZZ)

− n estimators=20, learning rate=1.0, max depth=3

− Background: 2000 beam background events

− Signal: 5000 for each process

− 80% for training, 20 for validation

− Total signal efficiency: 99.97%; background efficiency: <0.1%

− Z(νν)H(μμ) efficiency：99.45%
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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

