
Light by Light  

Summer School on Reaction Theory 

Michael Pennington 

Jefferson Lab 



R 

p 

p 

g 

g 
resonances have 

definite quantum  

numbers   I, J, P (C) 

g 

g p 

p 

FJl (s)  YJl(J,j) S 
J,l 

= 

Amplitude Analysis 



R 

p 

p 

g 

g 
resonances have 

definite quantum  

numbers   I, J, P (C) 

g 

g p 

p 

FJl (s)  YJl(J,j) S 
J,l 

= 

Amplitude Analysis 

partial wave amplitudes 

resonances and backgrounds 

not separable within unitarity 



To perform a partial wave separation need 

to know the partial waves at low energy accurately 
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    Dispersive calculation of  

                        low energy partial waves 

M(pp)    (GeV) M(pp)    (GeV) 

Unusual feature: large D-waves near threshold, I=2 as large as I=0 



For   J = l = 0,  consider    ( F (s) – B (s) )  W-1(s)   with  I = 0,2 

along left hand cut 

with subtraction 

constants  bI 
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pp    pp pp   KK 

Sum of probabilities   =  S  Pi   =  1 
i 

Conservation of probability 
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The  K-matrix  has no physical significance (except in models). 

It is just a convenient way to implement unitarity. 

In particular poles in  K  are not poles of the S-matrix 
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What happens when the final state particles are hadrons,  

but the incoming particles are not hadrons,  eg  e+e- ,   gg  

Sum  n  only need include hadrons  

as initial state particles are suppressed by powers of  a 
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Unusual feature: large D-waves near threshold, I=2 as large as I=0 
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I=J=0 amplitudes 

KK     KK pp     KK 

pp     pp pp     KK 

Includes  

•    latest scattering information 

•    dispersive analyses (Roy-type)  

               Garcia Martin et al.,  

               Descotes-Genon et al., … 
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Heavy flavour decays 
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gg        p+p- , p0p0   

800 to 1050 MeV 

p+p- p0p0 
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gg       K+K- , KsKs :   cross-sections  



gg          KsKs :   angular distributions  
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G(0++     gg)  model predictions 



Shedding light on scalar mesons 
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G(0++     gg)  model predictions 
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800-1025 MeV 

gg      p+p- 

m+m-  contamination 



Integrated cross-sections 

Dai & P 

gg        p+p- , p0p0   



Integrated cross-sections 
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m+m-  contamination 



Integrated cross-section 

I II III 
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