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 Beam induce background

 Single beam; Lumi related

 Focus on incoherent pair production

 Dominant background in CEPC

 Simulated by Guinea-Pig

 Ihep-Vinca joint group for the GPig study

 Led by Ivanka from Vinca

 Validate this simulation tool

Introduction
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From Haoyu

https://gitlab.cern.ch/clic-software/guinea-pig
https://indico.ifae.es/event/2054/contributions/9377/attachments/2918/4577/BGStatus_CEPCWSEU2025_20250618.pdf


 Breit-Wheeler   (BW)

 Two real photons from beamstrahlung

 Bethe-Heitler    (BH)

 One real photon from beamstrahlung

 One virtual photon from electron

 Landau-Lifshitz (LL)

 Two virtual photon from electrons

 Real photons from beamstrahlung: Sokolov-Ternov formula for 
photon energy spectrum

 GPig: Virtual photon approximation for BH and LL

 To simplify the simulation

 Compare analytical and simulation result

Three processes for pair production

3TESLA-Report 1997-08 by Daniel Schulte(Authro of 
Gpig)

https://flash.desy.de/sites2009/site_vuvfel/content/e403/e1644/e1314/e1316/infoboxContent1932/tesla1997-08.pdf


Analytical cross section for three 
processes

4TESLA-Report 1997-08 by Daniel Schulte(Authro of 
Gpig)

Process Cross section

 BW: determined by the two real 
photons from beamstrahlung

 BH: determined by one real photon 
from beamstrahlung and one 
electron/positron(120 GeV for higgs 
mode)

 LL: determined by the electron-
positron pair(120 GeV for higgs 
mode)

https://flash.desy.de/sites2009/site_vuvfel/content/e403/e1644/e1314/e1316/infoboxContent1932/tesla1997-08.pdf


Sokolov-Ternov formula for beamstrahlung 
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 Real photons from beamstrahlung: Sokolov-Ternov formula(ST) 
for photon energy spectrum

 E: electron energy; ω: photon energy

 x=(ω/ωc)×E/(E-ħω)

 ωc: critical energy (beam property)

 ωc=3/2×γ3c/ρ; ρ: bending radius of the particle

 Simulation: calculate the ρ based on EM

 Analytical: Ɣ=2/3×ħωc/E; 

 The first integral term dominant

 σBW final = ∫σBW×ST 1×ST2 dω1dω2

 σBH final = ∫σBH×ST dω

 σLL final = σLL



Final cross section
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 LL depends only on the beam energy

 Dominant term

 Monotonic increasing(very slow)

 BH/BW depends on the beam property

 σLL>σBH>σBW

 Analytical vs simulation:

 LL: analytical ~ simulation

 BH: analytical > simulation

 BW: analytical >> simulation

 CEPC Sum: analytical: 31.7mb; GPig: 20.7 

 The difference between the simulation and analytical results for BH and BW may come from their different treatments of the ST formula

 Next: Compare the real photon energy spectrum between GPig and analytical

Analytical GPig BDK

Xsec LL(mb) BH(mb) BW(mb) LL(mb) BH(mb) BW(mb) LL(mb)

CEPC
(240 GeV)

18.5 9.3 3.9 16.1 4.3 0.31 ?

LEP1
(91 GeV)

14.3 0.42 0.0029 15.2 0.38 0.00066 12

LEP2
(208 GeV)

17.9 1.8 0.33 18.5 1.6 0.072 13.5



Next: WarpX
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 GPig: no active maintenance

 WarpX: an advanced open-source Particle-In-Cell code

 Multi-physics packages (incl. ionization, atomic, fusion and 
collisional physics, as well as quantum electrodynamics)

 Developed by an international multidisciplinary team

 May be used also for FCC in future

Beam-Beam simulations in 
WarpX

https://warpx.readthedocs.io/en/latest/index.html
https://indico.cern.ch/event/1600079/contributions/6750290/attachments/3157752/5609412/Beam-Beam%20simulations%20in%20WarpX.pdf


Next: LEP open data
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 One LEP(L3) paper measures the cross section for the ee→eeee
 BDK for generator(only for LL); LL>>BH/BW

 σLL total = 5×106×σLL measure

 Try LEP open data

 To compare the cross section and momentum/angular distribution

 GPig is a tool for beam collision, not for one electron/positron pair collision

 Need to modify the source code

Analytical GPig BDK

Xsec LL(mb) BH(mb) BW(mb) LL(mb) BH(mb) BW(mb) LL(mb)

CEPC
(240 GeV)

18.5 9.3 3.9 16.1 4.3 0.31 ?

LEP1
(91 GeV)

14.3 0.42 0.0029 15.2 0.38 0.00066 12

LEP2
(208 GeV)

17.9 1.8 0.33 18.5 1.6 0.072 13.5



Summary
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 Compare the analytical and simulation results

 LL is fine; BH (BW): analytical > (>>)simulation

 Next to do:

 Compare the real photon distribution for simulation and Gpig

 Try WarpX

 Compare with LEP2 data



Backup
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Simulation result
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 Number of event(electron/positron pair) and Lumi per bunch

 LL>BH>BW

 N = σ×Lumi

GPig
Nevent LL BH BW lumi(m-2)
CEPC 876 235 16.8 5.5E32
LEP1 3.87 0.095 0.00017 2.5E30
LEP2 45 3.9 0.17 2.4E31


