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Fundamental observables describing the distribution of charge 
and magnetism in the proton and neutron

Determined by quark structure of proton,will be calculable in 
lattice QCD, also important input

for  GPDs analysis (quark orbital motion) 

Experimentally, data satisfactory described by an exponential 
spatial fall off of nucleon charge and magnetism ~ e-µr => 
dipole form form factor 

GD

 

(Q2) ~ (1 + Q2/0.71)-2

 

,
 

with node in time-like domain 

Commonly expected that  μpGE(Q2)/GM(Q2)≈1

Proton elastic form factorsProton elastic form factors
 ((traditional, before JLAB data)traditional, before JLAB data)
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with node in time-like domain

Commonly expected that  μpGE(Q2)/GM(Q2)≈1
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OUTLINE
Theoretical introduction

Rosenbluth (LT) separation

JLAB polarization experiments

TPE mechanism as possible explanation 
of LT separation/polarization 
disagreement

Experiments to measure e+/e- asymmetry,
OLYMPUS et al

Conclusion
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Rosenbluth
 

separation (L-T separation)
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Extraction of Extraction of FFsFFs
 

from  Unpolarized Elastic from  Unpolarized Elastic ee--pp
 

ScatteringScattering

Proton magnetic form factor
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Under study   
  
Note that   

 while   

problems to extract 

at high  

σ = ε + τ
<ε <

< τ ≡ <

⇒

Extraction of Extraction of FFsFFs
 

from  Unpolarized Elastic from  Unpolarized Elastic ee--pp
 

ScatteringScattering

Proton electric form factor

Additional problem   →
cross section normalization
uncertainty (included in error
bars)
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Extraction of Extraction of FFsFFs
 

from  Unpolarized Elastic from  Unpolarized Elastic ee--pp
 

ScatteringScattering

Proton electric form factor

S.Belostotski

 

Seminar HEPD, May 05 2009

It was commonly accepted  that 



JLAB measurements of recoil proton polarization in
contradiction with Rosenbluth

 
(LT) separaton

 
results
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JLAB  Polarization Transfer experiment 
(V.Punjabi, C.F.Perdrisat, et al. Phys.Rev. C71, 2005)
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JLAB  Polarization Transfer Results 
(V.Punjabi, C.F.Perdrisat, et al. Phys.Rev. C71, 2005)

This experiment

O.Gayou

 

et al. phys.Rev.Lett. 88, 2002 

disagreement with LT separation results

Fits to LT separation world data
subset of world (LT)  data
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Rosenbluth
 

(LT) separation and polarization measurement data compilation
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Rosenbluth
 

(LT) separation and polarization measurement data compilation

Christy, Segel→recent
 

LT data
Arrington →reanalized

 
older LT data

Punjabi,Gayoy…
 

→ recoil proton
polarization measurements

LT separation

Recoil polarization
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+ +....

Contribution of  Two Photon Exchange Contribution of  Two Photon Exchange 
Effects Effects ????
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P.G. Blunden et al.,
Phys. Rev. C 72, 034612 
(2005)

Estimation of TPE effect on LT and polarization data

significant effect on LT  separation  results
a few per cent effect on polarization data
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TPE

ep ep e pM e e→ =

Radiative
 

Corrections & TPE graphs 
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Contribution from two photon exchange  diagram not taken into account   in traditional analysis   may 
be an explanation
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ep ep e pM e e→ =

Radiative
 

Corrections & TPE graphs 
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Calculable standard
radiative

 
correction

Contribution from two photon exchange  diagram not taken into account   in traditional analysis   may 
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Change  sign
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P.A.M. Guichon and M. Vanderhaeghen, PRL91, 142303 (2003)

P.G. Blunden, W. Melnitchouk, and J.A. Tjon, 
PRC72, 034612 (2005), PRL91, 142304 (2003)

M.P. Rekalo and E. Tomasi-Gustafsson, EPJA22, 331 (2004)

Y.C. Chen et al.,PRL93, 122301 (2004)

A.V. Afanasev and N.P. Merenkov, PRD70, 073002 (2004)

……….

Intermediate state  contributions  →
 

model dependent calculations

Charge asymmetry

Charge asymmetry & TPE graph theoretical calculations 
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Measured and estimated  TPE effect on Measured and estimated  TPE effect on 
charge asymmetrycharge asymmetry

SLAC data

Θ=180o Θ=0o

At low ε
 

:  <Q2> ~ 0.01 to 0.8 (GeV/c)2

At high ε
 

: <Q2> ~ 1-5 (GeV/c)2

J. Arrington PRC 69, 032201(R) (2004)
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P.G. Blunden et al.,
Phys. Rev. C 72,
034612 (2005)

Measured and estimated  TPE effect on Measured and estimated  TPE effect on 
charge asymmetrycharge asymmetry
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ee++p/ep/e--pp
 

cross section ratiocross section ratio

P.G. Blunden et al.,
Phys. Rev. C 72, 
034612 (2005)
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Experiments planned to 
measure e+e- asymmetry  

at per cent level



VEPP-3 experiment
Ee

 

=1.6 GeV
 

(up to 2 GeV)
electron current  ~ 30mA, positron current limited to ~ 9mA 
HERMES type gas target     1015 atoms/cm2, L≈1031cm-2s

Planned for 2009-11
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JLAB  Polarization Transfer Results

Hall B, CLAS spectrometer,
primary 5.7Gev  e-beam 1ϻA→ γ-beam → e+e-

 
beam 250 pA→

thick hydrogen target→L=1.3x1033 cm-2sec-1

Major challenge hard background conditions related to e+e-
 production target
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The OLYMPUS ExperimentThe OLYMPUS Experiment
•

 
Electrons/positrons (100mA) in multi-GeV

 
storage ring DORIS at 

DESY, Hamburg, Germany

•
 

Unpolarized
 

internal hydrogen target (like HERMES) 3 x 1015 at/cm2

 @ 100 mA
 

→ L = 2x1033

 
/ (cm2s)

•
 

Measure elastic e+/e-

 
proton scattering to 1% precision at 2 GeV

 energy with ε
 

range from 0.4 to 1 at high Q2

 
~ 2-3 (GeV/c)2 using 

the existing Bates Large Acceptance Spectrometer Toroid

•
 

Experiment requires switching from e+

 
beam to e-

 
beam on 

timescale of ≤
 

1 day. 

•
 

Redundant monitoring of luminosity, pressure, temperature, flow,
 current measurements -

 
small-angle elastic scattering at high ε

 
and 

low Q2
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DORIS 4.45 GeV, 120 mA
DRIFT CHAMBERS

CERENKOV
COUNTERS

SCINTILLATORS

NEUTRON COUNTERS

TARGET
BEAM

BEAM

COILS

BLAST detector
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Control of  Control of  systematicssystematics

Luminosity monitors

BLAST @ DORIS

10o

•
 

Change BLAST polarity once a day
•

 
Change between electrons and positrons regularly

•
 

Left-right symmetry

θ→0o,

 

ε→1
TPE effects → 0
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Projected OLYMPUS uncertaintiesProjected OLYMPUS uncertainties
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Conclusion & outlook

Experiment Luminosity
cm 2 sec-1

Planned
for

Challenge

VEPP-3
1.6 1031 0.4 0.1-1.76

2010-
2012 Low lumi

JLAB 5.7 1.3x1033 0.2 0.5-2.1
2012-
….??

High bgr
level

Olympus 2 2.x1033 0.4 2-3
2011-
2012

Continuation 
after 2012

minεbeamE
GeV

2

Q GeV

Experiments designed to measure charge asymmetry at per cent level
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BACKUP SLIDES
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FF DEFINITION.    
FFs

 

are defined in context of one photon exchange
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FF DEFINITION.    
FFs

 

are defined in context of one photon exchange
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ep

'
ep '

pp
eθ

pθ

Lab frame



Jlab/Hall A 
Polarization data

SLAC 

Rosenbluth
 

data

Two
 

methods, two
 

different
 

results
 

!

Rosenbluth
 

vs
 

polarization transfer, data

OLUMPUS.
 

Study of  μp

 

GE

 

/GM

 

ratio in elastic    ep-scattering at DORIS
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Proton form factor ratioProton form factor ratio

Blunden et al.
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OLYMPUS LUMI CONTROL

efwd

 

p-coincidences, Q2<1 GeV2

 

ε≈1, TPE negligible

Forward  (10 deg.) GEM detector
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