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Rosenbluth separation of the form factors
Differential cross section of the elastic scattering in one-photon
approximation can be written as:
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Mσ - Mott cross section, θ - electron scattering angle,
2

2

Q= ,
4M

τ
One can re-write the above formula as:

- longitudinal virtual
photon polarization

can be defined by measuring cross sections at different initial EG MGand
electron energies and scattering angles while keeping Q the same.
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Form factors measurements through 
polarization transfer experiments

A.I.Akhiezer et al.,
JETP v.33(1957)765,
in Russian

In the mid-nineties, it became possible to use polarization transfer 
experiments to study nucleon electromagnetic form factors. 
In this case the ratio of proton form factors can be extracted by: 
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E′andE - electron energy before and after scattering, tP lPand -
transverse and longitudinal polarization of recoil protons from elastic
scattering of longitudinally polarized electrons.
The results of polarization transfer experiments were unexpected, 
indicating the ratio of form factors depends strongly on Q2.



D. Nikolenko           
Dubna-2007

Two - photon exchange and elastic 
scattering of electrons  /  positrons on 

the proton

4

Figure: comparison of form factors ratio, obtained by Rosenbluth technique 
(hollow squares) with data of polarized measurements (full circles).

Data and possible explanations for different results for values GE/GM

J.Arrington et al.,
Phys. Rev. C68 (2003);
arXiv:nucl-ex/0305009

At present there are two
physical reasons why 
these two methods would
give different results:
- radiative corrections;
- two photons exchange 

contributions.

Yu.M.Bystritskiy et al., arXiv:hep-ph/0603132:“the results of numerical estimations show that the
present calculation of radiative corrections can bring into agreement the conflicting experimental 
results on proton form factors and that the two photon contribution is very small”.
The another group of theorists said that it’s not a correct to use the one photon approximation in 
Rosenbluth technique and contribution of two photon exchange is considerable. (J.Arrington, Phys.
Rev. C69(2004)032201;P.G.Blundend et al., Phys.Rev.Lett. 91(2003)142304;Y.Chen, arXiv:hep-ph/0403058)
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Two photon exchange contribution in elastic e-p scattering
J.Arrington, V.F.Dmitriev, R.J.Holt, D.M.Nikolenko
I.A.Rachek,  Yu.V.Shestakov, V.N.Stibunov, D.K.Toporkov,
H. de Vries
Proposal for a comparison of electron-proton and 
positron-proton scattering at VEPP-3.
E-print: nucl-ex/0408020

Complications arising in the calculation of
the two photon exchange corrections are 
connected with difficulties in accounting 
for proton excitations in the intermediate
state.  

The Born amplitude is proportional to the lepton charge, e, while the two photon exchange
(TPE) amplitude is proportional to e2. The Born cross section is proportional to e2, while the
interference term to the cross section goes like e3. Hence the interference term, which is the
dominant part of the TPE contribution (since the TPE amplitude is small compared to the 
Born amplitude) changes sign with respect to the Born cross section and can therefore be 
Determined by comparing electron-proton and positron-proton scattering.    
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Figure: theoretical predictions (square points and curves) and
experimental data (circles) for the ratio                       as 
a function of 

Existed data on e+- - p elastic scattering

K.Joo et al., Letter of Intent
to PAC 25, TJNAF, 2004 

Attempts to measure the TPE 
contribution were made in the
1960s, but either the accuracy
of the measurements was 
insufficient:              were 

,or scattering 
angles were too small and 
therefore        - where most
theories predict R=1 (see Fig.)

/ 5%R Rδ ∼
( )/ ( )R e eσ σ+ −=

ε

( ) / ( )R e eσ σ+ −=
.ε

We propose to perform a measurement of R at the VEPP-3 storage ring at an energy of
electron/positron beams of 1.6 GeV and at electron/positron scattering angles approximately
250, 650 (corresponding to )     = 0.90, 0.45 and Q2 = 0.3, 1.5 GeV2/c2).ε
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VEPP-3 storage ring and internal target

H2

In previous experiments at VEPP-3 a polarized
deuterium target was used. It consists of the 
ABS and storage cell was used to increase the
target thickness.
In the new unpolarized H2 target we are going
to use a similar storage cell: having elliptical 
cross section 13x24 mm, length 400 mm, cooled
by liquid nitrogen.
Hydrogen flux directed to the cell is going to be 
1018 at/sec, providing a target thickness of about
1015 at/cm2. 
The luminosity (defined by positrons) will be:
L=I*t=0.009*6*1018*1015=5*1031 , t – target
thickness, I – average positron current. 

Storage cell
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Side view of the detector for experiment

The detector for the measurement of (e+p) and
(e-p) elastic scattering will be build on the basis
of the detector used in the previous experiment. 
Scattered electron and recoil proton will be 
detected in coincidence, which allows to use 
kinematical correlations between their 
emission angles and energies. This is important
for separation of the events from the process
Under study from those of various background
processes. 

The detector consists of two identical systems
placed symmetrically in median plan of the 
storage ring. Azimuthal angle acceptance of 
each system is 600. Regarding the polar angles 
– electron/positron scattered at angles close to 
120, 250, 650 will be detected. Application of 
two detector systems not only increases the 
detecting solid angle but also allows to 
suppress systematic errors related to instability
of the electron/positron beam position
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R =   (e+) /   (e-),  N- = 2 N+

eθ
D

2 2( / )Q GeV c

N events+

/R RΔ

10 –12     0.98 0.08–0.11 8.7.106 ----

19 – 27    0.91 0.26–0.47 3.1.106 0.7

60 – 80    0.40 1.40–1.76 1.5.104 1.00

e        Q2(GeV/c)2 N+ events R/R %

Systematic errors
•Different energy of e+, e- beams ( for three intervals 0.1, 0.2, 0.2 % / MeV)
•Different position of beams ( for three intervals 5.0, 1.4, 0.9 % / mm)
•Drift of the efficiency over the time of experiment (~ 1% during one time cycle)
•Drift of the target thickness during the experiment (           )
•Difference of the radiation corrections for electrons and positrons 
The total systematical error for the largest Q2 is expected to be  

σ σ

Δεθ

Δσ/σ
Δσ/σ

/ 0.1%R R ≤+

/ 0.3%R R+ ∼
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Figure: Projected uncertainty (combined statistical and systematic) 
for the proposed measurement (blue circles), compared to previous
data (red “x” – J.Arington, Phys.Rev. C69, 2004). Note that the 
previous measurements have an average Q2 value of approximately
0.5 GeV2 for the data below     = 0.5, and thus should have a 
smaller TPE contribution than the proposed measurement.

ε

Expected results of the measurement
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