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Abstract. We present preliminary results from Rosenbluth separations for elastic p(e, p) scattering per-
formed at Q2=2.64, 3.20, and 4.10 GeV2. Several improvements were made in the technique leading con-
siderably higher precision than achieved in previous measurements. The electric (GE) and magnetic (GM )
form factors were found to approximately ”scale”, i.e. µpGE/GM ≈ 1, consistent with previous Rosenbluth
separation results but inconsistent with polarization transfer measurements which report µpGE/GM falling
linearly with Q2.

PACS. 25.30.Bf Elastic electron scattering – 13.40.Gp Electromagnetic form factors – 14.20.Dh Proton
and neutron properties

The Rosenbluth formula [1] expresses the cross section for
e–p elastic scattering in terms of the proton’s electric (GE)
and magnetic (GM ) form factors:
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where τ = Q2/4M2
p , ε is the longitudinal polarization of

the exchanged virtual photon, ε = (1+2(1+τ)tan2(θe/2))−1,
Mp is the proton mass and θe the electron scattering an-
gle. The form factors depend only on momentum transfer
and so Rosenbluth separations are performed by varying
the incident electron energy and the scattering angle so
as to leave Q2 constant and by varying ε extract GE and
GM . Such measurements have been reported from 1970
to the present day [2,3]. Both form factors were found to
follow the dipole form (Fig. 1) with the ratio µpGE/GM

appearing to cluster about its asymptotic value of unity
where µp is the proton magnetic moment in units of the
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Fig. 1. Values of GE/GD and GM/(µpGD) obtained in pre-
vious Rosenbluth separation experiments [2], where GD is the
dipole form, GD = 1/(1 + Q2/0.71)2
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Fig. 2. The ratio of electric to magnetic form factor as de-
termined in previous Rosenbluth separation [2,3] (black) and
polarization transfer [6,8] (green) experiments

Bohr magneton. This scaling behavior of µpGE ≈ GM is
supported by fits to the data [2,4] and came to be gener-
ally accepted.

An alternate method for measuring the proton form
factors was proposed by Arnold, Carlson and Gross [5] in
which the incident electron beam is longitudinally polar-
ized in which case the recoil proton is both longitudinally
and transversely polarized and the ratio of form factors is
proportional to the ratio of polarizations, i.e.:

GE

GM
= −Pt

Pl

Ee + E′
e

2Mp
tan (θe/2), (2)

where Pt and Pl are the transverse and longitudinal polar-
izations, respectively, of the recoil proton. This ratio has
been measured [6,7,8] with the result that GE/GM falls
off linearly with increasing Q2 and does not scale. Results
from the two techniques are shown in Fig. 2. The uncer-
tainties on the Rosenbluth derived ratios are much larger
and show a large scatter which led to speculation that at
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Fig. 3. Kinematic points at which proton spectra were mea-
sured

Q2 >∼ 2 GeV2, where the electric contribution is but a
small fraction of the total cross section, the Rosenbluth
determinations of GE were unreliable. The goal of the Su-
per Rosenbluth experiment was to measure GE/GM in the
Q2 = 2–5 GeV2 range with uncertainties comparable to
those obtained in the polarization transfer experiments.
This goal was achieved.

The experiment was performed in Hall A of Jefferson
Lab using a liquid hydrogen target and the HRS spec-
trometers to detect the recoil protons. This is in contrast
to all previous Rosenbluth separations where the electrons
were detected. Detecting the protons has several very im-
portant advantages:

1. The proton momentum is constant at constant Q2 thus
eliminating the effect of any momentum dependent de-
tection efficiencies.

2. The proton cross section (dσ/dΩp) changes by less
than a factor of 2 over the ε range covered here while
the electron cross section (dσ/dΩe) varies by almost 2
orders of magnitude. Furthermore, the minimum cross
section is twenty times larger for the proton. Thus by
detecting the proton count rate effects on the extracted
form factor ratio were negligibly small and yet it was
possible to obtain high statistics spectra at all points.

3. At the most sensitive points the sensitivity of the pro-
ton cross section to angle is half the sensitivity of the
electron cross section.

4. Radiative corrections are more than a factor of 2 smal-
ler and, most importantly, much less ε dependent.

Rosenbluth separations were performed at Q2 = 2.64,
3.20 and 4.10 GeV2. The kinematics of the experiment
are shown in Fig. 3. Figure 4 shows the spectra of “miss-
ing momentum” (δp), the difference between the measured
proton momentum and that expected at the measured
proton angle. The elastic peak clearly dominates the spec-
tra. The width of the peak is largely due to the angular
resolution of the tracking system and is well fit by the
Monte Carlo simulation. There is a background that ex-
tends over the entire δp region due to reactions, primarily
quasielastic scattering, in the target endcaps. This back-
ground could be accurately determined by taking data at
each point with a dummy target. The other significant
background is protons from the γp → π0p reaction initi-
ated by bremsstrahlung. This background, which cuts off

Fig. 4. Spectra at Q2 = 2.64 GeV2 at a small ε, small θp

and a large ε, large θp point. Shown are the decomposition
of the experimental spectra (black) into the simulated p(e, p)
elastic peak (blue), reactions in the endcaps (yellow), simulated
γp → π0p (green) and simulated γp → γp (purple)

below the elastic peak because of the finite pion mass, can
be accurately simulated by folding an s−7 cross section
dependence into a calculated bremsstrahlung spectrum.

The simulation used the Monte Carlo code SIMC and
took into account the acceptance, angular and momen-
tum resolution of the spectrometer, scattering and absorp-
tion of the protons, and incorporated radiative corrections
based upon the work of Mo and Tsai [9,10]. Coincidence
(e, e′p) spectra were taken and used to check the shape
of the calculated elastic peak. Cross sections were deter-
mined by subtracting off the backgrounds and then deter-
mining the factor needed to normalize the experimental
elastic peak to that calculated by the Monte Carlo.

While one spectrometer was analyzing the protons of
interest the other was set at Q2 = 0.5 GeV2. Here the elas-
tic cross sections are very large and the difference between
the polarization transfer and the Rosenbluth form factors
small. Furthermore, while a large range of ε was being cov-
ered at the high Q2 only a very small range (<0.1) was
covered at 0.5 GeV2 (Fig. 3) and thus the second HRS
acted as a luminosity monitor.

Absolute cross sections were determined to about 3%
and relative cross sections at the same Q2 to about 0.8%.
Figure 5 shows reduced cross sections:

σr = 1 + (ε/τ)(GE/GM )2 (3)

at 2.64 GeV2 plotted as a function of ε. The slope is close
to that expected for scaling and not consistent with that
predicted by the polarization transfer experiments. Simi-
lar results were obtained at the other two Q2 points. Fig-
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Fig. 5. Reduced cross section (see text) as a function of ε. A
linear fit to the data is shown as are the predictions of scaling
and of the polarization transfer experiments
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Fig. 6. GE/GM from all reported Rosenbluth separation ex-
periments including the present work
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Fig. 7. The present results compared to the results of the
polarization transfer experiments [6,8]. Also shown is a fit to
all previous Rosenbluth data [11]

ure 6 shows all of the reported e–p elastic Rosenbluth sepa-
ration values for GE/GM including those from the present
work. All of the experiments are basically consistent, with
the uncertainties in the present experiment the smallest
by far. The fact that the present experiment where pro-
tons were detected agrees with the experiments where the
electrons were detected demonstrates that the radiative
corrections are well understood. The present results are
compared to the polarization transfer results in Fig. 7.
They do not agree!

While there have been many Rosenbluth experiments
done at different labs by different groups the polariza-

tion transfer experiments in this Q2 range have all been
done by the same group using the same apparatus. An
experiment to measure the asymmetry in the scattering
of longitudinally polarized electrons by polarized protons,
which would provide an independent check, has been pro-
posed [12] and hopefully will be performed soon. In addi-
tion, there is an approved experiment for Hall C at Jef-
ferson Lab that will extend polarization transfer to larger
Q2 values using a different spectrometer and polarimeter
from the existing measurements [13].

Two-photon exchange is not fully treated in the Mo
and Tsai prescriptions and estimates [14,15,16,17] of the
effect of these neglected terms indicate that they could
change the cross sections enough to lower GE down to
close to what the polarization transfer experiments im-
ply while the effect on the polarization transfer is much
smaller. There are several other possible manifestations of
two-photon exchange terms, one of which is a non-linearity
in the ε dependence of the reduced cross sections. An ex-
periment to extend the techniques of the super Rosenbluth
experiment to search for such a non-linearity has been pro-
posed [18]. Another manifestation of two-photon exchange
effects would be an ε dependence of the polarization trans-
fer and an experiment has been approved to measure the
polarization transfer over a wide range of ε [19]. Until it
has been demonstrated that the difference between the
Rosenbluth and the polarization transfer GE/GM is due
to heretofore neglected two-photon exchange effect the dis-
crepancy must be regarded as an open issue that must be
resolved.
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