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not separable within unitarity 



To perform a partial wave separation need 

to know the partial waves at low energy accurately 



Amplitude Analysis 

Morgan & P 

Lingyun Dai & P 2014 
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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 



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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pp    pp pp   KK 

Sum of probabilities   =  S  Pi   =  1 
i 

Conservation of probability 



I = J = 0 
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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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Universal:  process independent resonance pole Universal:  process independent 
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    Dispersive calculation of  

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



   Born amplitude modified  

                        by final state interactions 

0.6 0.5 0.4 0.3 

E   (GeV) 

   0  

200 

400 

600 
c

ro
s

s
-s

e
c

ti
o

n
  
 (

n
b

) 

p+p- 

p0p0 



Datasets 

- 0.8 



gg       p+p- :  Mark II, Belle  
s

 (
n

b
) 

M (p+p-)   GeV 



gg       p0p0 : Crystal Ball, Belle  
s

 (
n

b
) 

M (p0p0)   GeV 



gg        p+p- ,  p0p0      added  
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I=J=0 amplitudes 
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pp     pp pp     KK 



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., … 



I=0,2, J=0,2  phases & Omnes functions 
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Heavy flavour decays 

Ds      (MM) p   decay 



M(p+p-)   GeV M(p+p-)   GeV 

D      p(pp)   decay s 
pp  S-wave in 



D      p(KK)   decay s 
KK  S-wave in 
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gg          p+p-  :   angular distributions  
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gg          p+p-  :   angular distributions  
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gg          p0p0  :   angular distributions  



gg          p0p0  :   angular distributions  



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  



gg        p+p- , p0p0   Integrated cross-sections 
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gg        pp   partial wave cross-sections 
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gg        pp   partial wave cross-sections 
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 input into dispersion relation for LbL 
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gg        pp   S-waves 
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f0(500) 
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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 

gg        p+p- , p0p0   

m+m-  contamination 



Integrated cross-section 

I II III 
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g* g 

g 

g* 

e 

e 

Q2 



g* 

g 

p- 

p+ 

Light by Light*  GlueX: E12-13-008 

Hall D@JLab 

Pb 



Stanley Brodsky 

David Horn 

Michael Pennington 

Peter Landshoff 




