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Photon Collider Basics

Photons from a high powered laser are scattered off the high energy beam electrons of a linear collider between 
the final quadrupole and the interaction point.  The compton scattered photons acquire the momenta 
of the high energy electrons and collide at the i.p. with the compton scattered photons from the opposing beam.  
The  luminosity will be given by the geometric  e eγγ + − luminosity times the compton conversion efficiency squared.
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Replace 62.5 GeV C3 e- beam w/ 7500 GeV PWFA e- beam  
    and simulate γγ Collisions using CAIN MC

γγ PWFA
Round
15
7.5

0.12
1.4E+07

0.30E-04

7725
6.2E+09 then later switch to 5.00E+09

0.48

6.58E+36
5
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0.48
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x=4.8   adjust parameters to get ~ 100 % conversion w/ linear QED  
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e- γ collisions at Eeγ=140 GeV    I.P. geometric  e-  σx,σy=5.1 nm
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Halfway through the collision CAIN complains:

(SUBR.COHPAR) Algorithm of coherent pair generation wrong.
    Call the programmer prob,pmaxco=   8.309E-01  8.000E-01

Solution: 

number of macro particles produced per coherent beamstrahlung photon = 1    0.01
number of pairs of macro particles produced per coherent e+e- pair = 1    0.0001
number of macro particles produced per incoherent particle = 1  0.01

Return to 15 TeV and x=40       Turn on coherent processes  
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Coherent pair production eats up the 7.5 TeV photons and produces many e+ that 
pinch the e- beam leading to higher fields and even more coherent pair production.

Eγγ (TeV) Eγγ (TeV)

14EM fields as high as 2 10  V/m×
18EM fields as high as 0.8 10  V/m 0.6 Schwinger× = ×
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Does CAIN Simulate the Field of Coherent e+e- Pairs ? 

• In recent private communication with Spencer, CAIN author K. Yokoya says NO.

• CAIN manual is silent on the issue w.r.t. coherent pairs, but does mention incoherent pairs:

• In the FORTRAN code, incoherently produced particles are given names such as
     ‘IBW ’, ‘IBH ’, ‘ILL ’ , ‘IBR ’ , whereas all other particles -- including coherently produced e+e-  --
     are given 4 spaces:   ‘    ‘.  

• The FORTAN code that calculates the EM field is filled with loops like this
DO 300 N=1,NP
         IF(ISBIN(N).NE.IS) GOTO 300
         IF(KIND(N).EQ.1) GOTO 300
         IF(LOST(N).NE.0) GOTO 300
         IF(PNAME(N).NE.'    ') GOTO 300
         IF(TXYS(0,N).GT.T) GOTO 300
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Replace CAIN EM FFT EM Field Calculation with Bassetti-Erskine 2d Gaussian Expression 

(0,0)
CAIN

 center of charge distribution= (0,0)
CAIN

 EM field minimum=(0,0)
Bassetti-Erskine

 center of charge distribution=

/ xx σ / xx σ
/ xx σ/ yy σ / yy σ / yy σ

|E
| (

V/
m

)
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Replace CAIN EM FFT EM Field Calculation with Bassetti-Erskine 2d Gaussian Expression 

Bassetti-Erskine 1 Gaussian Bassetti-Erskine 2 Gaussians
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Replace CAIN EM FFT EM Field Calculation with Bassetti-Erskine 2d Gaussian Expression 

Bassetti-Erskine 1 Gaussian vs Bassetti-Erskine 2 Gaussian for γγ collision
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Replace CAIN EM FFT EM Field Calculation with Bassetti-Erskine 2d Gaussian Expression 

2 Gaussian Bassetti-Erskine vs CAIN EM Field  
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Wenlong Zhang Also Sees Pinching in e-e-  Collisions
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Summary 

  Not surprisingly, it is not straightforward to extrapolate a Compton 125 GeV  collider to 15 TeV
  The high EM fields produced by the tightly focused  beams lead to significant coherent beams
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• trahlung 
       and  pair-production.  This is excaberated by the produced  which pinch the  beams leading to 

      even higher EM fields.  These effects serve to wipe out the  luminosity in

e e e e

γγ

+ − + −

ˆ the top 20% of the  distribution.

  First attempts at exploration of parameter space have not produced a satisfactory configuration at 15 TeV
  I have presented evidence that the  from cohere

s

s
e e+ −

• =

• nt pair production are used in the EM field calculation in CAIN
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