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Circular Electron Positron Collider (CEPC)

Proposed by the Chinese particle physics community in 2012 to
explore the aforementioned physics program
Double-ring collider with electron and positron beams circulated in
opposite directions in separate beam pipes, with two interaction
points (IPs)
Four different modes: Higgs, Z, W and t̄t
Higgs factory for precision measurements and searches for BSM
physics

Outline for this talk
Simulation and performance
Future and summary
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Physical Event Rate

Higgs mode (240GeV) bunch crossing rate: ∼1.34 MHz
Higgs boson production rate: ∼0.017 Hz
qq̄ rate: ∼5 Hz

Z mode (91GeV) bunch crossing rate: 12/39.4 MHz
Visible Z: 10/76 kHz

Very low physical event rates compared to the bunch crossing rate
Trigger: remove as much background as possible, and keep physical
events as more as possible

CEPC Accelerator TDR

CEPC Physics & Detector CDR

Boping Chen (中科院高能所 IHEP) CEPC workshop, Nov. 9, 2025 3 / 28

https://arxiv.org/abs/2312.14363
https://arxiv.org/abs/1811.10545


MC Simulation at Higgs mode

Signal
ee →ZH

Z→ ee, µµ, ττ , νν
H→ bb, WW, ττ , cc, ZZ, γγ, Zγ, µµ...

ee → qq, WW, ZZ...
Optional signal, di-photon: ee → eeγγ ( γγ → bb, γγ → cc )

Background
Beam induced background
Detector noise and other background(to be studied)
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MC Simulation: beam induced background

Single Beam
Touschek Scattering
Beam Gas Scattering(Elastic/inelastic)
Beam Thermal Photon Scattering
Synchrotron Radiation

Luminosity Related
Beamstrahlung
Radiative Bhabha Scattering

Combine 2 bunch crossings into one event: safety
factor 2
More detail was presented by H. Shi in the CEPC
2025 Barcelona workshop.

A. Natochii
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https://indico.ifae.es/event/2054/contributions/9377/
https://indico.ihep.ac.cn/event/11444/contributions/10435/attachments/5091/5763/CEPC_Workshop_2020_v9.pdf


Calorimeter trigger primitive

Basic module for EM Calorimeter
(ECal): ∼1.5x1.5x40cm3

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

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

Combine two in ϕ and split
into two in Z
20(Z)x32(ϕ) in Z-ϕ plane
(∼match ECal)
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Barrel energy distribution

Large energy
deposition(> 10 GeV)
for signal (photon, and
Jet)
Very tiny energy
deposition(<0.5 GeV)
for beam background,
mostly from pair
production

Z(νν)H(γγ) Z(νν)H(bb) Beam background
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Maximum energy distribution

Maximum energy distribution
Beam induced background contributes
little(<1GeV) on calorimeter, except ECal Endcap
A baseline set of energy threshold

Sub-detector Higgs mode Z mode
ECal Barrel >0.2 GeV >0.113 GeV
or HCal Barrel >0.023 GeV >0.017 GeV
or ECal Endcap >2.57 GeV >0.96 GeV
or HCal Endcap >0.16 GeV >0.059 GeV
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Efficiency vs. Calo. energy threshold

Threshold value can be modified for different physics
requirement

A group of sets is tested based on the baseline set, by
multiplying a “threshold factor”to all the four thresholds

For most of the processes, the efficiencies are higher than
99.9% even with larger threshold factor

Only the di-photon processes efficiencies decrease much
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Background tolerance factor study

Different tolerance factors (bunch crossings) are studied: 1, 2, and 10
Thresholds are higher with a larger factor
The tolerance factor of the overall trigger system can be at least 10

Tolerance factor 2 10
Threshold Higgs mode Z mode Higgs mode Z mode
ECal Barrel >0.2 GeV >0.113 GeV >0.39 GeV >0.14 GeV
or HCal Barrel >0.023 GeV >0.017 GeV >0.05 GeV >0.03 GeV
or ECal Endcap >2.57 GeV >0.96 GeV >9.6 GeV >1.9 GeV
or HCal Endcap >0.16 GeV >0.059 GeV >0.34 GeV >0.09 GeV
Efficiency Higgs mode Z mode Higgs mode Z mode
Beambackground 0.7% 0.7% 1.7% 0.8%
Z(νν̄)H(µ+µ−) >99.9% - 97.5% -
µ+µ− 99.6% >99.9% 94.1% >99.9%
τ+τ− 99.6% >99.9% 98.2% 99.7%

Boping Chen (中科院高能所 IHEP) CEPC workshop, Nov. 9, 2025 10 / 28



Muon detector

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)

dR=
√

dϕ2 + dθ2
Barrel: dR<0.05
Endcap: dR<0.02
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Number of hit distribution

Baseline cut for the number of hit:

Barrel: >2
Endcap (r > 1m): >3

Background efficiency: 0.1%

Z(νν)H(µµ) efficiency: 99.8%; µµ efficiency: 97.6%
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L1 global efficiency for baseline selection
L1 global trigger efficiency

>99% for most of the physical processes; <1% for beam background

High lumi Z mode using higher energy threshold:
ECAL Barrel>0.23GeV; ECAL Endcap>2.61GeV;
HCAL Barrel>0.027GeV; HCAL Endcap>0.14GeV;
Physics processes: >99.9%; Background: 99.3%
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Preliminary track trigger study

Trajectory of charge particle: helix

Circle in xy plane

Trigonometric function in xz(yz) plane

Equation in the cylindrical coordinate (r�z):
rκ
2 = sin(ϕ− ϕ0), z = tanλ · s

Assuming IP at origin
κ: curvature of the helix
ϕ0: azimuth angle of the track at the IP
λ: helix angle
s: helix arc length from the IP to the hit

s = Rθ = 2R(ϕ− ϕ0)
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Vertex

Left: one ZH→ ννµµ event
Right: one beam background event
Too many hits from beam bkg for the innermost two
layers
Use outermost four layers for track

Boping Chen (中科院高能所 IHEP) CEPC workshop, Nov. 9, 2025 15 / 28



ITK

Left: one ZH→ ννµµ event
Right: one beam background event
Less hits than vertex
Combine Vertex(outermost 4 layers)/ITK/OTK for
track
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Hough transform

Transform 3D spatial coordinates(cylindrical coordinate rϕz) into
parameter space

Each hit in 3D space corresponds to a curve in the parameter space

Get track candidate parameters with most number of hits

Assuming large track pT(pT>2GeV)

Small angle approximation:
rκ
2 ≈ ϕ− ϕ0, z ≈ tanλ · r

0 < κ < 0.0025,−π < ϕ0 < π,−π < λ < π

50 bins for each parameters

Background efficiency(two bunch crossing per event): 0.9%

Z(νν)H(µµ) efficiency: 94.9%; Z(νν)H(bb) efficiency: >99.9%

Boping Chen (中科院高能所 IHEP) CEPC workshop, Nov. 9, 2025 17 / 28



R&D following the TDR: background study

More simulation and research need to be done
Signal background mixing
Cosmic ray study
Electronic noise
...
Is it enough for the minimal trigger for L1 (Cal+Muon)

Beam background simulation study
Pair production is generated by Guinea-Pig++
Based on the paper by the GPig author, BDT can be used for comparison
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https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.9.034402


R&D following the TDR: trigger algorithm
Trigger algorithm study

Hardware algorithm: fast track reconstruction, calorimeter cluster, Muon track...
Software algorithm: track trigger(Offline tracking reconstruction), event size compress(for
TPC, Calorimeter), PID...
ML(BDT, DNN, CNN⋯)
Trigger for BSM (long life particle)

Identifying Regions of Interest in the ATLAS Calorimeter with Deep Convolutional Neural Networks Anomaly Detection in the CMS Global Trigger Test Crate for Run 3
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https://cds.cern.ch/record/2901655/files/ATL-DAQ-SLIDE-2024-212.pdf
https://cds.cern.ch/record/2876546


R&D following the TDR: trigger overall strategy
Trigger overall system strategy

Classical trigger(L1+HLT) vs. fully software trigger
Use GPU for acceleration，software algorithm

Back End Electronics

CEPC Reference Detector
Front End Electronics

CEPC 
Accelerator

Control

Fast signal

Data flow

High Level Trigger Online Analysis

Data Flow

Experiment Control System

Detector Control 
System

Control Units

Level-1 Trigger 
System

Trigger and Clock

Joint ControlIT Infrastructure Database

Data Acquisition System

Trigger and Data Acquisition System vs.

Upgrade trigger selection studies

Boping Chen (中科院高能所 IHEP) CEPC workshop, Nov. 9, 2025 20 / 28

https://cds.cern.ch/record/2688423/files/LHCb-PUB-2019-013.pdf


Summary

Baseline L1 trigger algorithm shows good efficiency for the current simulation result
Further R&D study need to be done for both simulation and algorithm
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Backup

Backup
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Physical event rate

Top priority for Higgs and Z production
Low priority for γγ events (hadronic final state, bb̄,
cc̄)
Event rate: ZH: ∼500Hz; Z: 10kHz
Data rate before trigger

1000 Gb/s for Higgs mode
1770 Gb/s for Z mode
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Time window
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Endcap energy distribution

Similar to Barrel for
signal
Relatively large energy
deposition(∼1 GeV) for
beam background
Use supercell energy as
input
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Endcap energy distribution with different factor

First row: 2
Second row: 10
Larger energy
deposition with larger
factor
The energy
distributions are not
identical for different
events
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Efficiency for baseline L1 Calo threshold
The baseline threshold is chosen to show the efficiency
Efficiency > 99% for most of the physical process
Higher energy threshold doesn’t affect the physical processes much, but reduce the background <1%
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Hough transform

Use only ITK+OTK (>2 ITK hits && >0 OTK hits)

Barrel(or)Endcap: Bkg: 69.6%; Z(νν)H(µµ): 96.5%; Z(νν)H(bb): >99
Only Barrel: Bkg: 27.7%; Z(νν)H(µµ): 91.1%; Z(νν)H(bb): 98.6

Use Vextex 4 layers+ITK+OTK (>2 VXD hits && >2 ITK hits && >0 OTK hits)

Barrel(or)Endcap: Bkg: 0.9%; Z(νν)H(µµ): 94.9%; Z(νν)H(bb): >99
Only Barrel: Bkg: 0.3%; Z(νν)H(µµ): 89.4%; Z(νν)H(bb): 97.7

Boping Chen (中科院高能所 IHEP) CEPC workshop, Nov. 9, 2025 28 / 28


	Introduction
	Trigger simulation and algorithm
	Future and summary

