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γγ Collider Basics



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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2  The  luminosity is  where  is the  luminosity and  is the Compton conversion efficiency. 

  0.2,  so XCC is basically an  c

4.2 km accommodates =380 GeV with  120 MV/m. 
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The XCC is very different from previous γγ collider concepts 
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ILC/C3 vs. XCC Physics Comparison
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XCC achieves model independence through measurement of  using 

monochomatic  electron in  during 380 GeV  run.e e H s
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XCC and P5
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The recent P5 report calls out C3 accelerator R&D but does not mention a C3-based collider 
concept. The report discusses a 2028 P5 Higgs factory review but doesn’t specify the initial state 
of the Higgs factory collider.  With respect to P5 then, the XCC should be considered primarily as 
an onshore Higgs Factory to be reviewed by the 2028 P5 subpanel. Secondarily it is a prototype 
for a 10 TeV pCM γγ collider.

3

   40% lower cost w.r.t C3
   Highly synergistic with SLAC XFEL program.
   XCC has a factor of 2 statistical advantage w.r.t. ILC/C  in double Higgs production, and may have additional 

      advant

• ≈
•

•

3

ages in the triple Higgs coupling measurement due to the simplicity of the HH final state vs. ZHH.
  Physics would be more complementary to CEPC than ILC/C , generally due to a  different initial stat• e, and 

      specifically due to enhanced ,   &  precision.
  If positron acceleration is a show stopper for a 10 TeV PWFA  collider then the PWFA must be operated in 

            mode

H H Z HHH
e e

γγ γ

γγ

+ −

∆ ∆ ∆

•
, in which case XCC would serve as a   collider prototype  (in this respect it may be possible for 

           the XCC to tap into some of the 10 TeV pCM collider R&D P5 support)
γγ

XCC advantages:
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XCC challenges:

XCC and P5

3

3

,

   accelerator with 70 120 MV/m   (common with C   collider)
  Polarized low emittance  injector (common with C   , except flat beams not needed)
  Focusing of  round  beams to 5.5

x y

e e e
e e e

e σ
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− + −

−

• −

•

• =  nm

  Production and focusing of 1 keV   XFEL with 700 mJ/pulse to 70 nm FWHM waist
  XFEL and  beamline layouts around the IP  
  Timing stability of the XFEL laser beam and  beam at Compton IP.

e
e

γ
−

−

•

•
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Simulation of 15 TeV γγ Collider
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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
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z cp

z , pulse

4.8   9100 GeV   2.1 mm    0.79 mm    d 2.4 mm

5 m   N =1 nC    120 nm    2 0.9              E 4400 J
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2
non-linear QED  not included

100% Compton conversion efficency

   

≈

ξ
2
non-linear QED  =15.2   ξ

x=4.8   adjust parameters to get ~ 100 % conversion w/ linear QED  
Start with x=4.8 because this was considered the typical γγ collider x value before this study was performed



x=4.8   ,  parameters with ~ 100 % conversion w/ linear QED  
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z cp

z , pulse

4.8   9100 GeV   2.1 mm    0.79 mm    d 2.4 mm
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non-linear QED  =0.91

22% Compton conversion efficency
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x=4.8   dial back Epulse to get ξ2 < 1  
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5 m   N =1 nC    120 nm    2 0.9              E 260 J

 

0.034 eV  ( =36 m)     

−

−= ⇒ + = = =

= = = − =
FWHM

e x y c ee

x e a

P
γ γσ

σ γε

γ λ µ

µ λ

2
non-linear QED

34 2 1

 not included

22% Compton conversion efficency

Lumi 20%  = 17.1 10  cm  s

No beamstrahlung/coherent pair

   

− −

≈

×

ξ 2
non-linear QED

34 2 1

 =0.91

22% Compton conversion efficency

Lumi 20%  = 11.4 10  cm  s

No beamstrahlung/coherent pair

   

− −

≈

×

ξ

x=4.8   dial back Epulse to get ξ2 < 1  

Eγγ (TeV) Eγγ (TeV)



22

z cp

z , pulse
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v05617

Eγγ (TeV)
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40   7875 GeV   0.24 mm    270 m    d 0.82mm
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γ γσ µ
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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

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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e- γ collisions at Eeγ=140 GeV    I.P. geometric  e- σx,σy=5.1 nm
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x=1.2x105 (1 keV γ) not affected as much by coherent processes   
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Eγγ (TeV) Eγγ (TeV)

15EM fields as high as 4 10  V/m× 18EM fields as high as 0.8 10  V/m 0.6 Schwinger× = ×
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x=1.2 x 105 calculation, however, is missing an important piece    

5

5

   ,     +   ,     2,3,  ...
are not simulated by CAIN.  These processes
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15 TeV γγ Collider Simulation Summary 

  Not surprisingly, it is not straightforward to extrapolate a Compton 125 GeV  collider to 15 TeV
  A value of 4.8 requires  Ecm=9100 GeV for Ecm=7500 GeV  and has very broad lumi spectr

s
x e e

γγ

γγ− −

• =

• = um
  A value   40 requires  Ecm=7800 GeV for Ecm=7500 GeV .  But when coherent 

       processes are considered, EM fields produced by the tightly focused  beams lead to significant 
       co

x e e
e

γγ− −

−

• =

herent beamstrahlung and  pair-production for moderate values of   This is excaberated by the 
      produced  which pinch the  beams leading to even higher EM fields.  These effects serve to 

e e x
e e

+ −

+ −

5

diminish 

ˆ      the  luminosity in the top 20% of the  distribution.
  A multi-TeV  collider with extremely large values of 10 ,  corresponding to soft x-ray Compton 

       scattering, does not 

s
x

γγ

γγ• ≈
suffer as much from coherent processes, gives a top 20% luminosity as large as an

       40  collider, and has an XCC-like luminosity spectrum with a relatively narrow peak near the 
       maximum 

x γγ=

5

center-of-mass energy
  But,    ,     +   ,     2,3,  ...  are important for 10  and must be 

       included in beam-beam simulations to properly evaluate a 15 TeV  collider w
N e e e e N e e N xγγ γ

γγ

+ − − − + −• → × → × = ≈
5ith 10

          

x ≈
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Backup
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33
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.
Low integrated lumi concentrated in one spike.
Produce Higgs bosons and not much else
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XCC: XFEL Compton γγ Collider Higgs Factory

CAIN MC simulation

XCC s-channel   @  125 GeV

                        @  380 GeV
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γγ

γγ

→ =
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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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Machine Detector Interface at XCC

Backgrounds from , ,  produced at Compton IP's and primary IP:

(1)  Vertex detector inner radius (incoherent  pairs from 
          primary IP - same situation as  linear colliders)
(2)   Beam

e e

e e
e e

γ+ −

+ −

+ −

0
pipe X  (moderate soft X-ray flux from Compton IP's | cos | 0.95)

(3)   Forward boundaries of the main tracker/calorimeter and solid angle coverage
          of  forward detector (large hard X-ray flux fr

θ <

om Compton IP's | cos | 0.95)
(4)   Aperture of final quad ( , ,  from primary & Compton IP's must pass through 
         this aperture) 
 

e e
θ

γ+ −

>
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Vertex Detector Inner Radius

3

Incoherent  pair production
                C -250

e e+ −

( ) vs. R  at  6.25 cm E e z± =

 from Compton IP
               XCC
e e+ − Incoherent  pair production

                XCC
e e+ −

Incoherent  pair production
                XCC

e e+ −

3

Incoherent  pair production
                C -250

e e+ −

CAIN  Simulation  assuming 5 T Solenoid 

( ) vs. R  at  6.25 cm N e z± =

R(cm) R(cm) R(cm)

R(cm) R(cm)

SiD Vtx Inner Rad=1.5 cm
XCC Vtx Inner Rad=1.9 cm
should be OK 
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X-rays from Compton IP's

cosθ

/0
.0

1
N

γ

810

610

210

410

010

1010

CAIN  Simulation

(mrad)
γ

θ

(k
eV

)
E γ

010

210

410

610

810

| cos | ( , 0.95, )00.99 0.9θ =0

0

X-rays handled by adding 0.1% - 1.0% X  heavy element to Beampipe for | cos | 0.8

Required absorber increases to 5.0% X  at | cos | 0.93

Complicated design for 0.95 | cos | 0.99 ;  probably can't instrumen

θ

θ

θ

<

=

< < t for | cos | 0.99θ >

Moderate flux of soft (few keV) X-rays in central region
Number and energy of Compton IP X-rays increases rapidly in the forward region
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 at 380 GeVHH sγγ → =

XCC

LHC

  At 0.4 fb, the cross section for  at =380 GeV 

     is twice that of   at =500 GeV, so that the 
     XCC Higgs self-coupling measurement starts out with a 

    2  statistical advantage 

HH s

e e ZHH s

γγ
+ −

• →

→

invisible

over 500 GeV  colliders.

  The  final state is simpler than .  N.B., the associated 
       boson in  production of the Higgs is great for 
      measurements such as   &  , b

ZZ

e e

HH ZHH
Z e e

+ −

+ −

•

Γ Γ ut can be a  

      complication in other instances. 

  Interesting interference between box diagram and s-channel: 
      constructive at XCC vs. destructive at LHC
•



KB Mirror Focusing 
for 𝜸𝜸𝜸𝜸 Collider



Some Possibilities for ≤70 nm FWHM Focal Size (Round Equivalent) 

• KB pairs are needed to focus the beam
• If source is round, then KB mirrors will create an elliptical focus
• Round equivalent = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 ∗ ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
• Things improve with photon energy for the KB optics:   (probably forces 1 keV  2 keV)

• Damage
• Reflectivity --> less absorbed power
• Focal size
• Rayleigh range     



Summary of Initial γγ Collider KB Mirror Study

• Large mirrors (> 1 m) are needed for 1 J per pulse energy
• 1 m FEL quality substrates produced today
• 1.5 m substrates produced for synchrotrons
• > 1 m FEL quality substrates would require development with industry but not R&D

• > 1 km source to KB optic distance is desirable
• FEL average power is a new regime (6.5 kW)

• This requires an engineering study 
• Very grazing angles help since the most straight forward approach is to absorb less in the 

substrate
• Another reason to consider beyond state-of-the-art substrates sizes (e.g. 2 m or beyond)
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Final Quad Aperture
CAIN  Simulation from IP to Face of Quad,  Assume 5 T Solenoid
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0.1 kW /bin

QD0 12 cm diameter aperture
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