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Introduction

• Beam induced background at CEPC

• Pairs production from beamstralung photon emitted from the beam particles

• Dominated by the electron pair

• Muon pairs and hadrons production are suppressed

• Beam particles with fraction of energy loss greater than acceptance(beam lost particles )

• Beam-gas scattering

• Beam-thermal photon scattering 

• Bhabha scattering 

• Radiation damage on the silicon tracker

• Lower the tracking efficiency 
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Detector Simulation

• Generation of background

• Guinea-pig++

• Pairs production 

• Beamstralung photons

• SAD

• Beam Lost particles

• Mokka

• A full simulation tool based on Geant4 and realistic description of detector (base 

line of CDR)

• Record the steps of primary and secondary particles

• Particle type, step length, momentum, position…
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• Production of electron pairs
• Tracking of electron pairs

• Deflection by the EM field of beam
• Until beam sperate from each other completely

• Longer bunch of CEPC (millimeter level)
• Produced electron pairs can reach to the region far away the IP
• Effect of external the magnetic field and interaction with the 

beam pip need to be considered 
• Guinea-pig is develop for Linear collider (micrometer level)

• Modification of the Guinea-pig
• Include the magnetic field from the solenoid
• Stop tracking of electrons before hitting the beam pipe



Estimation of background
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• Background estimators

• Hit density:
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑖𝑡𝑠

𝑎𝑟𝑒𝑎
[ℎ𝑖𝑡𝑠/𝐵𝑋]

• Detector occupancy  

• TID: Total Ionizing dose Dose=
𝐸𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑀𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟
= Σ𝑖

𝑑𝐸

𝑑𝑥

𝑖

𝑆𝑖

𝐿𝑖

Δ𝑀
[kRad/𝑦𝑒𝑎𝑟]

• Total energy deposited by the ionizing process  in a unit volume 

• Surface damage of silicon devices

• arXiv:1502.00289

• 1 MeV equivalent neutron fluence

• energy deposited by non-ionizing process  in a unit volume: 
𝑑𝐸𝑛𝑜𝑛

𝑑𝑥 𝜌

𝐿

𝑉

• 𝑁𝐼𝐸𝐿 1 𝑀𝑒𝑉, 𝑛𝑒𝑢𝑡𝑟𝑜𝑛 ×
𝑁𝐼𝐸𝐿 𝐸𝑘,𝑡𝑦𝑝𝑒

𝑁𝐼𝐸𝐿 1 𝑀𝑒𝑉,𝑛𝑒𝑢𝑡𝑟𝑜𝑛
𝐹𝑙𝑢𝑒𝑛𝑐𝑒

• Bulk damage of silicon devices 

• arXiv:1502.00289

A safety factor of 10 is always applied

https://arxiv.org/pdf/1502.00289.pdf
https://arxiv.org/pdf/1502.00289.pdf


Background from the Pairs production

• Pairs produced in beam-beam interaction

• With the Generator GUINEA-PIG++

• Low energy and in the very forward region
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Without interaction 



Pair Production

• Hit map of vertex detector at the Higgs mode
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Nearly uniform in the transverse view More dense in central of first layer



• Results of pair production in the vertex detector

• BKG decrease rapidly with increasing radius

Pair Production

2023/3/31 8Higgs (240 GeV), W (160 GeV) and Z (91 GeV)

                    

               

    

    

 

 
  

  
 

  
 

  
  

 
 
 
  
 
  
 
  
 
  

 

     

 

 

                    

               

  

   

 
  

 
  

  
 

  
  

 
 
 

 
  

 
 
  

 
  
 
 
 
  
  
 
  
  

     

 

 

                    

               

  

   

 
  

 
 
  

  
 
 

 
 
  

  

     

 

 



Radiation map tracker region

• Higgs mode

• Most particles are confined in the beam pip 

• Backscattering particles are produced in the 

region 𝑧 ∈ [90, 100] 

• LumiCal

• Transition from single pipe to double pipe
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Charge particles fluence(Z2T)
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Beamstrahlung photon for 2T mode

• Polar angles of most particles are very small

• Exit the detector with beam

• Energy is low but the number of photons is huge

• Number of photons per BX:𝑛𝛾 × 2 × 𝑁𝑒𝑙𝑒𝑐 = 2.82 × 1011

• Energy deposited per second per beam: 469.5 kW
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Y ≈
5

6

𝑟𝑒
2𝛾𝑁

𝛼𝜎𝑠 𝜎𝑥
∗ + 𝜎𝑦

∗

𝑛𝛾 ≈ 2.54
𝛼𝜎𝑠
᪄𝜆𝑐𝛾

Y

1 + Y2/3 1/2
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https://www.sciencedirect.com/science/article/abs/pii/0168900286911447


Generated beam lost particles

• Beam particles lose energy in scattering processes

• Radiative Bhabha scattering

• Negligible 

• Beam thermal photon

• Beam-gas scattering
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Beam direction

• Initial Position in z axis where the 
beam lost particles hit the beam 
pip
• Can enter the detector
• With the collimator in the 

upstream 

From Haoyu Shi



Off-energy Particles

• Hit map of vertex detector

• From beam gas  scattering for Higgs mode
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More hits in –X side More uniform in the z axis 
compared to pair production



Results

• Beam lost particles

• Beam-Gas scattering
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• Beam-thermal scattering



Radiation map in the track region
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• From the Beam-Gas scattering 

• for the Higgs mode

• Fluence is flat along the Z axis

• Secondary scattering particles

• Backscattering



Radiation map in the track region
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• From the Beam-Gas scattering 

• for the Z mode



Summary

• Pair production && beam lost particles
• BKG at fist layer of vertex detector (dominated by the pairs production)

• Large backscattering particles are produced in the region before LumiCal and transition 
from signal pipe to double pipe

• For the TDR, the TID and 1 MeV equ. Neu. Flu. can increase by a factor 50 according to the 
luminosity 

• Beamstrahlung photons 

• move along with beam 

• Without entering the detector

• Photon energy is low but photon number is huge: 2.82 × 1011 per BX

• Power for the beamstrahlung photons:469.5 kW per beam

• Can be deposited in the downstream
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H (240) W (160) Z (91)

Hit Density [hits/cm2∙BX] 2.3 1.7 0.63

TID [MRad/year] 0.93 3.65 10.47

1 MeV equ. Neu. Flu. [1012 neq/cm2∙year] 2.2 8.1 23.6



Next to do

•Next to do
• Extend background estimation to other sub detector 

• Stop recording the steps which don’t enter the detectors
• Speed up the simulation

• Save the space

• Complete simulation for the TDR

2023/3/31
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Backup



TPC 
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Pair production
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Pair Production

• Primary electrons flux without interaction 
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𝑑𝐸/𝑑𝑋 and Energy Spectrum
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Displacement damage
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