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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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In the following slides I calculate the Higgs production rate while varying 
,   , and , where

 = mean helicity of laser beam     | | 1
1 = mean helicity of electron beam   | |
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Now let's start increasing x (the energy of the Compton photon)
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XCC s-channel   @  125 GeVH sγγ → =
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XCC: XFEL Compton γγ Collider Higgs Factory

CAIN MC simulation
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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

0.12

0.30E-04
0.48
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non-linear QED  =15.2   ξ

x=4.8   adjust parameters to get ~ 100 % conversion w/ linear QED  



x=4.8   adjust parameters to get ~ 100 % conversion w/ linear QED  
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5 m   N =1 nC    120 nm    2 0.9              E 4400 J

 

0.034 eV  ( =36 m)     

−

−= ⇒ + = = =

= = = − =
FWHM

e x y c ee

x e a

P
γ γ

σ

γ λ µ σ

µ γε λ

2
non-linear QED

36 2 1

 not included

100% Compton conversion efficiency

Lumi 

 

20%  = 4.5 10  cm  s

  

− −

≈

×

ξ



19

z cp
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x=4.8   dial back Epulse to get ξ2 < 1  
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x=1.2 x 105 (try 1 keV XCC XFEL laser)  
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Abandon this config because 
   ,     +   ,     2,3,  ...

are not simulated by CAIN.  These processes
can be ignored for 1000 , but not for 1.2 10
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Ignoring these processes would be the equivalent of 
ignoring multiple 4,5,... W boson production in  or

 collisions.  This is OK at 0.2 TeV & 2.5 TeV due to 
phase space su

+ −

×

e e
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ppression, but not OK at 28 TeV.
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5 m   N =1 nC    120 nm    2 0.9              E 590

0.33 eV  ( =3.7

 

 m)    

J

 

 −

−= ⇒ + = = =

= = = − =
FWHM

e x y c ee

x e a

P
γ γσ µ

γε λ

γ λ µ

σ µ

2
non-linear QED

35 2 1

 =5.9

45% Compton conversion efficency

Lumi 20

 

%  = 4.8 10  cm  s

  

− −

≈

×

ξ

x=40

beam

beam
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x=40        use spreadsheet bunch charge of Ne=5x109

v05617
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z cp

z , pulse
9

40   7875 GeV   0.24 mm    270 m    d 0.82mm

5 m       120 nm    2 0.9              E 590 J
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x=40       Now turn on coherent processes  

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
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45% Compton conversion e
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Lumi 20%  = 0.42 10
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≈

×
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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.
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γγ Collider Ecm=15 TeV

- - - -

geo 34 2 1 2 geo 34 2 1 total 34 2 1 top 20% 34
e e e e

=Compton Conv Eff. 44%  for all configs                   Freq = 7725 Hz

config  (nm)  (nm) coherent L  (10  cm  s ) L  (10  cm  s )  L  (10  cm  s )  L  (10  cmy
x y

x
γγ γγ

κ
σ

σ σ κ
σ

− − − − − −

=

2 1 s )

v05617 0.483 0.483 1.00 N 657.9 127.5 301.8 29.9
v05706 0.483 0.483 1.00 Y 657.9 127.5 204.9 4.05
v05831 1.53 0.153 10.0 Y 657.9 127.5 107.4 4.32
v05832 4.83 0.153 31.6 Y 207.9 40.2 102.6 4.62
v05833 6.84 0.153 44.7 Y 147.0 28.5 102.3 3.

− −

69
v05834 8.37 0.153 54.7 Y 120.0 23.1 38.4 2.22
v05835 9.67 0.153 63.2 Y 104.1 20.1 52.8 2.22
v05836 10.8 0.153 70.6 Y 124.0 18 14.1 0.81
v05837 11.8 0.153 77.1 Y 84.9 16.5 47.4 2.19
v05838 12.8 0.153 83.7 Y 78.6 15.3 40.2 2.10

Bit surprised we didn’t get better results with asymmetric beams
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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

s
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γγ
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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
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*

ˆ the top 20% of the  distribution.

  First attempts at exploration of parameter space have not produced a satisfactory configuration at 15 TeV
  Next steps include:

            Back off 0.03 mm
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2 5

  0.15 mm
            Pay attention to same sign electron - photon helicity:  same (opposite) sign decreases (increases) 
            Revisit  values   10 10  ;  at what value of  do the 
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x x x

γγ + −

→

→
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                      ,     +   ,     2,3,  ...  become relevant?
            

          

N e e e e N e e Nγγ γ+ − − − + −→ × → × =


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	 Replace 62.5 GeV C3 e- beam w/ 7500 GeV PWFA e- beam  �    and simulate gg Collisions using CAIN MC
	x=4.8   adjust parameters to get ~ 100 % conversion w/ linear QED  
	x=4.8   adjust parameters to get ~ 100 % conversion w/ linear QED  
	x=4.8   dial back Epulse to get x2 < 1  
	x=4.8   dial back Epulse to get x2 < 1  
	x=1.2 x 105    (try 1 keV XCC XFEL laser)  
	x=40
	x=40        use spreadsheet bunch charge of Ne=5x109    
	x=40       Now turn on coherent processes  
	x=40       Now turn on coherent processes  
	 gg Collider Ecm=15 TeV  
	Summary 

