
Bremsstrahlung simulation with Geant4

LUXE Meeting
February 4, 2019 

Oleksandr Borysov 



2

Preliminary estmates!
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Target 2 m, 5 m and 12 m upstream of IP 

● 2 m:  x = 19 m;σ μ
● 5 m:  x = 43 m;σ μ
● 12 m:  x = 100 m;σ μ
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Number of photons

Z, (m) Z^2 N_Gamma Z1^2 / Z2^2 N2 / N1 Z1^2 / Z2^2 N2 / N1

2 4 2.89E+05 6.25E+00 5.8746 0.94 36 33.2565 0.924

5 25 4.91E+04 5.76E+00 5.6611 0.983

12 144 8675

N∼
1

l2
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Geant4 simulation with different step, different physics 
lists, different beam

● Gaussian beam, focused on IP; 
● Tungsten target 1%X0 (35um) thickness
● 5 m from IP;
● 6.25 M electrons (BX/1000);
● Production cut: 1 μm.

Number of photons inside 
|x|<25um and 
|y|<25um; 

Different step

Different physics listsDifferent beam settings
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γ angular distribution for different 
physics lists

Number of photons inside 
|x|<1.5 m and 
|y|<1.5 m

● Angular distribution is the widest for option_4 
physics list and the narrowest for the local 
one. 

● Angular distribution explains bottom right plot 
on previous slide. 

● Total number of photons in forward region is 
identical for all physics lists.
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Polar angle distribution

Unidirectional beam: 
x=y=px=py=0
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Spectra for different physics lists
● Gaussian beam, focused on IP; 
● Tungsten target 1%X0 (35um) thickness
● 5 m from IP;
● 6.25 M electrons (BX/1000);
● Production cut: 1 μm.

Number of photons inside 
|x|<25um and 
|y|<25um and
5GeV < Eγ < 18GeV; 
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Geant4 reference physics lists



  

Physics list comparison
Option 3

Option 4



  

Multiple scattering studies



  

Multiple scattering studies



  

Test of tracks end points

Distribution of track 
end points



  

Transverse beam dynamics

If K=0 (no field) β(z)=β
*
+

z2

β
*

with z=0 at IP
β

*
=σ*2

ε



  

Dependence between σ(z) and σ*
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* √1+( zε

σ
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Different σ*, z = 5m
σ* = 3 μm σ* = 5 μm σ* = 15 μm



  

Different σ*, z = 5m

σ* = 30 μm
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