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OLYMPUS

pOsitron-proton and

eLectron-proton elastic scattering to test the

hYpothesis of

Multi-

Photon exchange

Using

DoriS

2008 ïFull proposal

2009 ïTechnical review

2010 ïFunding approval 

2010/11 ïTransfer of BLAST

2012 ïOLYMPUS Running

(inofficial logo)
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Outline

ÁReview of the physics case

ÁThe limit of one-photon exchange or: 

ÁWhat is Gp
E (Q2)?

ÁWhat is the nature of lepton scattering?

ÁDescription of the OLYMPUS experiment

ÁStatus and timeline
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In One-photon exchange approximation above form factors are 

observables of elastic electron-nucleon scattering

Form Factors from Rosenbluth Method

tGM
2

GE
2

Ȃ=180 o Ȃ=0o

Č Determine

|GE/GM|
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Double polarization in elastic ep scattering:

Recoil polarization or (vector) polarized target

Polarized cross section

Double spin asymmetry = spin correlation

Asymmetry ratio (ñSuper ratioò)

independent of polarization or analyzing power

1H(e,eôp),    1H(e,eôp)

Nucleon Form Factors and Polarization
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ÁAll Rosenbluth data from SLAC and 

Jlab in agreement 

ÁDramatic discrepancy between 

Rosenbluth and recoil polarization 

technique

ÁMulti-photon exchange considered 

best candidate

Jefferson Lab 2000ï

Proton Form Factor Ratio

Dramatic discrepancy!

>900 citations
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Kinematical invariants :

(me = 0)

Elastic ep Scattering Beyond OPE

k

kô

p

pô

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

Next-to Born approximation:

Three new complex amplitudes dep. on Ů& Q2 !



P.A.M. Guichon and M.Vanderhaeghen, Phys.Rev.Lett. 91, 142303 (2003)

M.P. Rekalo and E. Tomasi-Gustafsson, E.P.J. A 22, 331 (2004)
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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
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Two-photon exchange involving

interference of  one- and two-

photon amplitudes

Ą Measure unpolarized cross 

section ratio to 1% precision! 

Elastic Positron-to-Electron Ratio



E04-019 (Two-gamma)

GE/GM from Pt/Plconstant vs. Ů  

Č (1ï2ŮR/(1+Ů)) Y2ɔconstant  

Č with Y2ɔ = const.  Č Y2ɔ = 0?

M. Meziane, Sess. 5C (Wed.)

( = this session) 
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Empirical extraction of TPE amplitudes

J. Guttmann, N. Kivel, and M. Vanderhaeghen, Mainz preprint MKPH-T-10-06  



�µElectrons/positrons (>100mA) 
in multi-GeV storage ring
DORIS at DESY, Hamburg, Germany

�µUnpolarized internal hydrogen target 
storage cell with buffer system

�µLarge acceptance detector for e-p in coincidence
BLAST detector from MIT-Bates available 14

OLYMPUS: BLAST@DESY/DORISOLYMPUS: BLAST@DESY/DORIS


