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Two Photon Physics  at e+e- colliders 
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Light by Light  

big uncertainty in (g-2)m 



Dirac Schwinger 
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(g-2)e  :   Experiment v Standard Model 

Dam  [10-11] 

QED  O(a    a5) 115965218.007                          0.007    

Electroweak                        0.003                    0.001 

Hadronic                             0.168                     0.02   

Experiment 115965218.073   

Theory Total 115965218.178 0.02   

0.028 

Dae 

1/ a (87Rb) 137.035999049 (90) 

ae [10-11] 
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am is  proportional to the difference between the 

     spin precession and the rotation rate 





(g-2)m  :   Experiment v Standard Model 

Dam  [10-11] 

QED  O(a    a5) 116584718.95                        0.04  

Electroweak                       156.0                    1.0 

Hadronic Vac Pol             6851                     43   

Hadronic LbL                     116                     40 

Theory Total 

Experiment 

116591839   

116592089   

59 

63 

am  [10-11] am Dam 



(g-2)m  :   Experiment v Standard Model 

Dam  [10-11] 

QED  O(a    a5) 116584718.95                        0.04  

Electroweak                       156.0                    1.0 

Hadronic Vac Pol             6851                     43   

Hadronic LbL                     116                     40 

Theory Total 

Experiment 

116591839   

116592089   

59 

63 

am  [10-11] am Dam 



Light by Light  

am 

projector 



Light by Light  



Light by Light  

g* 
g* 

g* 



Light by Light  

g* 
g* 

g* 



Light by Light  



Light by Light  



Light by Light  



Light by Light  



Light by Light  

q3 q3 q3 q3 

q4 q1 

k n 

m l l 

q2 



Light by Light  

pp, ph, KK, … 

q3 q3 q3 q3 

q4 q1 

m l 

k n 

l m l 

q2 



Brodsky, Kinoshita & Terazawa 

e 

e 

e 

e 

g 

g 

Two Photon Physics  at e+e- colliders 



p+ 

p- 

p0 

p0 

p0 
g 

g 

q2 

q1 

K+ 

K
- 

K0 

K0 

p0 

h 

p0 



g 

g g 

g 



g 

g g 

g 

 input discontinuity into dispersion relation for  Pklmn 
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To perform a partial wave separation need 

to know the partial waves at low energy accurately 
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j = d  (+np) Watson’s final state interaction theorem: 
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For   J = l = 0,  consider    ( F (s) – B (s) )  W-1(s)   with  I = 0,2 

along left hand cut 

with subtraction 

constants  bI 



Consider    ( F (s) – B (s) )  W-1(s)   sn (s - 4mp
2)J/2 

   with  n = 2 – l/2,      and    J > 0,  l = 0,2,  I = 0,2 
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    Dispersive calculation of  
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