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l    A Higgs particle was found at the LHC 
            Is it the SM Higgs boson , a SUSY Higgs boson,  
                     a Higgs boson of a different model? 

                   
l    Future           colliders: 

 
 

l    Before  e+ beams  are ready,  
      other options  are possible: 

Ø         an                option   
Ø       an                option  
                 use   one e- beam  to produce high energy photons 

1. Introduction and motivations 

A.De Roeck:  hep-ph/0311138v1(2003)	
I.Gizburg, G.Kotkin, V.Serbo, V.Telnov	

V.Telnov: Photon2015	

CLIC, ILC 
FCC-ee, CEPC �
……	
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           collider based on             beams  
             

1. Introduction and motivations 

Compton backward scattering	

can transfer 80% of   
energy to	
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l    In two-photon fusion process for Higgs production  
      in e     collision, we may observe  
       the transition form factor of Higgs 
 
 
 
 
 
  
    in analogy of the                    transition form factor  
    observed at BaBar and Belle               

1. Introduction and motivations 



2  Higgs production 
    in e- and real     collision in SM�

Ø   Higgs are produced by loop diagrams 
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At one-loop level 
 
          -fusion diagrams 
           -fusion diagrams 
        W-related diagrams 
         Z-related diagrams	



2  Higgs production 
    in e- and real     collision in SM�

Ø   Calculation is done in unitary gauge�

Ø   Use of FeynCalc,         PaVeReduce[Oneloop[p,-----]] 

Ø   Amplitudes are expressed in analytical form 
������using the results of                                   
                                        Denner, Nierste, Scharf  (1991) 
                                        Keith Ellis, Zanderighi  (2008) 
                                        Denner, Dittmaier  (2010) 
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3. Two-photon and Z-photon fusion diagrams�
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3. Two-photon and Z-photon fusion diagrams�
  Contribution of two-photon fusion diagrams 

 
Ø  Top quark loops: 

Ø  W boson loops: 

 �
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3. Two-photon and Z-photon fusion diagrams�
  Contribution of Z-photon fusion diagrams 

Ø  Top quark loops: 
 
Ø  W boson loops: 

 
        The contribution of two-photon and Z-photon fusion diagrams 
         have the same transition form factors 

�
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4. W-related and Z-related diagrams�
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Ø  Other contributions to Higgs production in e -     collision	



4. W-related and Z-related diagrams�
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  4. W-related and Z-related diagrams�
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 Contribution of W-related diagrams�

where	

and	

: expressed as a linear combination of	

Note: 

Ø  When the initial electron is right-handed,  	



4. W-related and Z-related diagrams�
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l Contribution of Z-related diagrams�
�

where	

and	

: expressed as a linear combination of	

l  Collinear divergences appear in	

but they are cancel out when they are added	

Note:	



•  Linear Collider :      good polarizations for the initial colliding beams 

          Initial electron helicity:    
            Initial photon helicity: 

•  Differential cross section 

•  Angular momentum conservation in forward and backward directions 
Ø     In the massless limit of electron, its helicity is conserved 

                                     vanishes at  
       
                                      vanishes at  
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5. Differential cross section�



•  To obtain               : 

•  Contributions from      fusion,      fusion,           and         diagrams 
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5. Differential cross section�

In the frame where the initial 
photon is moving in the z-direction	
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5. Differential cross section�

We see                         	



•  Parameters 

•  t-dependence 
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6. Numerical analysis�

Black          Full 
Blue 
Red 
Green         W-related 
Orange       Z-related	



•  t-dependence 
 

Ø  The contribution from          diagrams is negligibly small  
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6. Numerical analysis�

Black          Full 
Blue 
Red 
Green         W-related 
Orange       Z-related	



l  t-dependence 
Ø  The case 
     for                 ,  a dominant contribution comes from the      fusion diagrams 
     for                         ,  the contributions from the      fusion,      fusion and  
                                              diagrams becomes the same order 
     for                 ,   the  contribution from            diagrams  prevails other two     
 

         The interference between        and        works constructively 
                                                             and         works destructively 
 

Ø  The case 
      No contribution from           diagrams 
      The interference between        and        works destructively 
      Its effect is large even at small  
                        decreases rather rapidly as           increases 
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6. Numerical analysis�
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6. Numerical analysis�

•  s-dependence	
Black          Full 
Blue 
Red 
Green         W-related 
Orange       Z-related	



6. Numerical analysis�
•   s-dependence 

            Higgs production cross section               

Ø   The case 
•  is very small at 
•  Increases rapidly to a few femtobarn at around                 
•  stays about the same from 
 
 

Ø  The case 
•                    is large even at small  
•  remains roughly flat at a few femtobarn �
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7.           collisions in       collider�
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A high-intensity photon beam is produced by laser light backward scattering  
off a high-energy electron beam	

Analysis of the cross section of Higgs boson 
production through the        decay channel  
in          collisions in        collider	

The       channel in          collisions 
has a substantial background 
 
A huge background appears at the Z-boson pole 



7.           collisions in       collider�
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Monte Carlo result	

The significance is calculated  
by taking samples in the region  
 
 
at the parton level	

The angle cuts	
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     8. Summary 

Ø  Higgs  boson production in            collision was investigated in SM. 
Ø  The EW one-loop contributions to the amplitude for  
      were obtained in analytical form. 
Ø  We find: 

•  Both the differential cross section                                           and  
     the cross section                                are significantly dependent on the 
     polarizations of the electron and photon beams  
•  The interferences between       and       -fusion diagrams and 
      between       and W-related diagrams are important factors affecting the  
      behaviors of both the differential cross section and cross section. 
•  Contribution of Z-related diagrams is extremely small and can be neglected 

Ø  The cross section of the Higgs boson production through the    
decay channel in        collision in        collider was analyzed.   

•  We obtained large values of the significance             for the Higgs boson 
production for both                              and  

Ø  Therefore we conclude that the Higgs boson will be clearly observed 
in            collision experiments 

        
         
         �
 
 



Build an         collider	

International Collaboration	
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  Collinear Singularities�
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l  They appear in combination of	


