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Introduction – CEPC MDI
• MDI stands for ”Machine Detector Interface”

• 2 IPs
• 33mrad Crossing angle

• Flexible optics design
• Common Layout in IR for all energies – TDR 
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Background Estimation

• One Beam Simulated
• Simulate each background separately
• Whole-Ring generation for single beam 

BGs
• Multi-turn tracking(50 turns)

• Using built-in LOSSMAP
• SR emitting/RF on
• Radtaper on
• No detector solenoid yet(except for Z)
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Background Generation Tracking Detector Simu.

Synchrotron Radiation BDSim BDSim/Geant4

Mokka/CEPCSW/FLU
KA

Beamstrahlung/Pair Production Guinea-Pig++

SAD

Beam-Thermal Photon PyBTH[Ref]

Beam-Gas Bremsstrahlung PyBGB[Ref]

Beam-Gas Coulomb BGC in SAD

Radiative Bhabha BBBREM

Touschek TSC in SAD

A. Natochii

Photon BG Beam Loss BG Injection BG

A. NatochiiSR

Pair Production

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

• Luminosity Related
• Beamstrahlung
• Radiative Bhabha Scattering

• Injection

https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://geant4.web.cern.ch/
https://ilcsoft.desy.de/portal/software_packages/mokka/
https://github.com/cepc/CEPCSW
https://fluka.cern/
https://fluka.cern/
https://accelconf.web.cern.ch/p07/PAPERS/THPMN010.PDF
https://acc-physics.kek.jp/SAD/
https://github.com/shyshi/cepc_bkg/blob/master/Source/BTH/CEPC_BTH.py
https://cds.cern.ch/record/703373/files/thermal.pdf
https://github.com/shyshi/cepc_bkg/blob/master/Source/BGS2/CEPC_BG2.py
http://ir.ihep.ac.cn/handle/311005/253688?mode=full&submit_simple=Show+full+item+record
https://acc-physics.kek.jp/SAD/
https://www.sciencedirect.com/science/article/pii/001046559490085X?via%3Dihub
https://indico.ihep.ac.cn/event/11444/session/11/contribution/213/material/slides/0.pdf
https://indico.ihep.ac.cn/event/11444/session/11/contribution/213/material/slides/0.pdf


Estimation of Impacts in the IR
• Noise on Detector(Backgrounds)
• Hit Density/Occupancy
• CEPCSoft(moving to CEPCSW , Same tool with physics)

• Methods: 𝐻𝐷 = !"#$%&	()	*+,-
.&%. [

!"#$
%&'(

/0 ]

• Radiation Environment(Backgrounds, currently no signal)
• Radiation Damage of the Material(Detector, Accelerator, Electronics, etc…)

• CEPCSoft(moving to CEPCSW, Same tool with physics), or FLUKA

• TID(Total Ionizing Dose): 𝑇𝐼𝐷 = !!"#$%&'"!
"!"'"('$)

= "#$%
&'

• 1 MeV equivalent neutron fluence: ()!*(!*,-&./)
()!*(1"/2,(/3-'45)

𝐹𝑙𝑢𝑒𝑛𝑐𝑒 

• Hadron Fluence(>20MeV)

• Take the highest bin result, the calculate results(max_average)
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Detector Impact – Preliminary Results
• Preliminary results for 1st Layer of vertex, mixing of scaling from CDR/simulation based on TDR, 

without safety factor
• No SR
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BG Source Hit Density(𝒄𝒎+𝟐 ⋅ 𝑩𝑿+𝟏) Hit Density(𝒄𝒎+𝟐 ⋅ 𝒔+𝟏)

Pair Production 0.54(electron/positron) 0.81M

Synchrotron Radiation 1.7(photon, av.e.~53keV) 2.6M

Take SR into account(Scale from previous results with some assumptions) on 1st Layer of Vertex, 
Higgs only

Background Hit Density(𝒄𝒎!𝟐 ⋅ 𝑩𝑿!𝟏) TID(𝐌𝒓𝒂𝒅 ⋅ 𝒚𝒓!𝟏)
1 MeV equivalent neutron 

fluence
(𝒏𝒆𝒒×𝟏𝟎𝟏𝟐 ⋅ 𝒄𝒎!𝟐 ⋅ 𝒚𝒓!𝟏)

Higgs Z Higgs Z Higgs Z
Pair 

production 0.54 0.2 0.08 2.8 0.03 5.3

Beam Loss 0 0.1 0 2.05 0 5.5

Total 0.54 0.3 0.08 4.85 0.03 10.8



Questions & Next Step
• Questions based on current simulation:
• Where is the vertex?(First one or two layers)

• Length
• Radius

• Which number you prefer?
• Hit Density per cms per BX or per second?
• TID/NIEL/Hadron Fluence per year or per what?

• Next Step:
• Moving to CEPCSW/Add more algorithms like hit distribution to 

occupancy(with huge help from Tianyuan)
• Layout Completion(Electronics? Other Materials?)

6



Backup
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Detector Impact – Preliminary Results
• Preliminary results on Higgs mode on layers of Vertex. Without safety factor
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Layer Hit Density(𝒄𝒎!𝟐 ⋅ 𝒔!𝟏)  TID(k𝒓𝒂𝒅 ⋅ 𝒚𝒓!𝟏)
1 MeV equivalent neutron 

fluence
(𝒏𝒆𝒒×𝟏𝟎𝟏𝟐 ⋅ 𝒄𝒎!𝟐 ⋅ 𝒚𝒓!𝟏)

Pair Be.Lo. Pair Be.Lo. Pair Be.Lo.

1 3.9e5 0 81.7 0 0.003 0

2 2.5e5 0 57.8 0 0.010 0

3 2.5e4 1.4e3 6.1 24.5 0.014 0.002

4 2.2e4 1.2e3 5.4 24.6 0.012 0.002

5 4.5e3 7e2 1.2 19.3 0.004 0.0008

6 4.5e3 6.5e2 1.0 13.3 0.003 0.001


