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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

3



 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), 
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-  plane(~match ECal)ϕ 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→b
b

H→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→b
b

H→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



 Efficiency improve for Z(νν)H(μμ) and ee μμ→
 Beam background increase to 0.03 

Combine efficiency
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Calo only Muon only Combine

Z(νν)H(μμ) 0.979 0.965 0.994

ee μμ→ 0.935 0.854 0.96

Beam bkg 0.019 0.012 0.030



 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



 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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 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: isolation/depth/location(back to back)/CoM…
 Tracking algorithm for L1
 Optimize different sets of threshold
 Detector noise
 ML(BDT, DNN, CNN…)
 Trigger for BSM
 ...

Summary and Outlook
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Findings

• The requirements for the TDAQ system are dictated by the need to collect all ZH, WW and Z pole events and provide the bandwidth needed to store these 
data.  The data rates, before trigger, range from <1 TB/s for ZH running up to several TB/s at the Z peak with an expected event size below 2MB.  The 
storage rate after the trigger ranges from 0.1 for ZH to 100 kHz at the Z pole.  Contributions from beam-related backgrounds (for both single-beam and 
sources that scale with luminosity) are based on dedicated simulations and are included in rate estimates and preliminary trigger design.

• The baseline plan is to transmit the full raw data to the front-end electronics and connect the trigger to the back-end electronics.  This strategy is sound.  
Similar strategies have been successfully implemented in CMS and LHCb, where data rates are much higher.  A hierarchical trigger scheme is foreseen to 
bring event data rates down from ~3MHz to ~1kHz in HZ running and ~40 MHz to ~100 kHz at the Z pole.

• Early trigger studies are based on primitives from the calorimeter and muon detector which show promise for selecting desired physics at high efficiency 
while rejecting beam backgrounds.  These studies do not yet include any high-level trigger information, which should be very effective at further refining the 
selection.  

• The system design foresees a common hardware trigger board to collect trigger primitives from the BEE common boards and send trigger accept signals 
to the BEEs.  High-throughput DAQ and processing building on the RADAR framework used in previous projects will be extended to meet the requirements 
at CEPC.   Initial designs for the Timing, Clock, and Control Distribution System (TCDS/TTC), as well as the Detector Control System (DCS) and 
Experiment Control System (ECS), are currently under development. The hardware trigger scheme is also in progress, with a preliminary design already 
presented. As more detailed information about data volumes from individual detectors becomes available, several key design decisions will need to be 
made to ensure optimal system performance 

• The RDT has extensive experience in TDAQ and has designed and built hardware boards, firmware and software for several leading projects: BESIII, 
PANDA at GSI, Belle2 and CMS as well as several neutrino experiments, and have implemented machine learning (a NN for tau reconstruction) in the 
ATLAS global trigger upgrade.  Their expertise is consistent with providing the TDAQ for the CEPC reference detector, and they are planning to increase 
capacity by adding additional members.

TDAQ
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Comments

• The detailed (bottom-up) design of the TDAQ must await further details on the subdetector design.  

• Work on the trigger primitives is needed to bring the rate down to an acceptable input for the second-
level trigger, and to inform further planning for the processing farms in the DAQ design.  Should it be 
needed, a track trigger could provide a powerful additional primitive.  

• High-level triggering will also need to weigh the physics-versus-bandwidth tradeoff for lower-energy 
events, e.g. from gamma-gamma collisions.

• Agree. Especially background study and data rate estimation from each sub detectors.
• The beam background could be dramatically compressed using basic trigger primitives 

from Ecal/Hcal and a simple muon tracking algorithm. Offline tracking algorithm is studied 
for HLT.

• Based on the study from the generator and some theory papers, the event rate for gamma-
gamma is up to a few kHz. The current trigger algorithm is able to select about 50% of the 
hadronic gamma-gamma events. The algorithm also has freedom to veto more gamma-
gamma events if we don’t want them.

Feedback to 1st IRDC review
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Recommendations

1. Prioritizing a straightforward simulation of subdetector-based trigger inputs using robust algorithms is 
essential. The simulation should include an appropriate safety factor for beam-related backgrounds. 
This approach will enable a more detailed specification of the requirements for TDAQ hardware and 
help identify areas that require further attention.

2. Further work should include an evaluation of benefits of implementing a track trigger as a complement 
to the calorimeter and muon primitives, and to clarify the bandwidth foreseen for gamma-gamma 
events.

• We conducted simulations using this approach, yielding promising results 
and demonstrating good efficiency in both the calorimeter energy and 
muon track trigger conditions. A 10-fold safety factor for beam related 
backgrounds has been investigated.

• Muon tracking is studied for L1, and the offline tracking algorithm is studied 
for HLT. The current trigger algorithm can keep gamma-gamma events up to 
about 50%, or veto them if we don’t want them.

Feedback to 1st IRDC review
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Di-photon paper 2

 Single tag selection: one at lumi cal

 ƔƔ→cc: 2086fb, 0.16Hz

 ƔƔ→bb: 94fb, 0.008Hz

 ƔƔ→ττ: 570pb, 46Hz

Offline Software and Computing
+~80 +?

+~100 +?

https://indico.ihep.ac.cn/event/25524/contributions/183660/attachments/88711/114635/RefTDR_Offline_2025_v5.pdf


Backup
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MC name
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 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
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