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Kinematical invariants : 

(me = 0) 

Elastic ep Scattering Beyond OPE 
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s=1/2 lepton s=1/2 proton 

The T-matrix still factorizes, however a new response term F3 is generated by TPE 
Born-amplitudes are modified in presence of TPE; modifications ~α3 

Next-to Born approximation: 

New amplitudes are complex! 
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Born Approximation Beyond Born Approximation 

e+/e- x-section ratio 
CLAS,VEPP3,OLYMPUS 

Rosenbluth non-linearity 
E05-017 

E04-019 
(Two-gamma) 

Observables involving real part of TPE 

Slide idea:  
L. Pentchev 



E04-019 (Two-gamma) 

Jlab – Hall C 
Q2 = 2.5 (GeV/c)2 

GE/GM from Pt/Pl constant vs. ε   

 no effect in Pt/Pl   
 some effect in Pl  

Expect larger effect in e+/e-! 

M. Meziane et al., hep-ph/1012.0339v1 
submitted to PRL  
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Empirical extraction of TPE amplitudes 
J. Guttmann, N. Kivel, M. Meziane, and M. Vanderhaeghen, hep-ph/1012.0564v1   

 Q2 = 2.5 (GeV/c)2 



6 

Empirical extraction of TPE amplitudes 
J. Guttmann, N. Kivel, M. Meziane, and M. Vanderhaeghen, hep-ph/1012.0564v1   

εmin 

~6% effect for  
OLYMPUS@2.0GeV 

grows with Q2! 



40k events =  
1% stat. precision 

From the TDR (2009): 

~6% effect on R 

Unfortunately, Q2 is not quite at 2.5 (GeV/c)2 

(at E=2.3 GeV it would be! – price is a factor ~2 in rate) 



40k events =  
1% stat. precision 

      2x more at 2 GeV 

From the Letter of Intent (2007): 

~5% effect on R 
75% of the rate 

~10% effect on R 
9% of the rate 



1000 hours each 
for e+ and e- 

Lumi=2x1033 cm-2s-1 

Projected Results for OLYMPUS 

500 hours each 
for e+ and e- 

Lumi=2x1033 cm-2s-1 

Data from 1960’s 

Many theoretical predictions 
with little constraint 

OLYMPUS: 
   E= 2 GeV  
   <1% projected uncertainties 
   500h @ 2x1033 / cm2s 

   to be run in 2012 
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Other Experiments to Verify TPE 

Experiment proposals to verify hypothesis: 
e+/e- ratio:        CLAS/PR04-116  secondary e+/e- beam / ext. target    – 2010/11 

       (now firmly scheduled) 
    Novosibirsk/VEPP-3  storage ring / intern. target  – 2009 

       (preliminary result: large effect)  
   OLYMPUS@DESY  storage ring / intern. target  – 2012 

SSA:    PR05-15 (Hall A, trans. pol target); MAMI-A4 (trans. pol. beam) 
ε-dependence:  PR04-019 (polarized), PR05-017 (unpolarized) 

VEPP3 CLAS 
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(Unofficial) Novosibirsk Information 

D. Toporkov, VEPP-3 

Preliminary result for Re+/e− in comparison with calculations of 
P.G. Blunden et al. 

ε=0.50   Q2=1.43 GeV2 
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