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Coulomb distortion in high-Q? elastic e-p scattering
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Recently, there has been a significant amount of activity to try and understand the discrepancy between
Rosenbluth and polarization transfer measurements of the proton form factors. It has been suggested that the
standard use of plane-wave Born approximation in extracting the form factors is insufficient, and that higher-
order terms must also be included. Of the corrections missing in standard prescriptions, Coulomb distortion is
the most well understood. In this paper, we examine the effect of Coulomb distortion on the extraction of the
proton form factors.
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I. INTRODUCTION contribute to the small electrig.e., non-spin-flip term. In-

The determination of the proton charge form fac@  de€d, some exploratory calculatio10 support this sce-
recently has received extensive attention. The determinatio@ro. Tjon has calculated the second-order contribution with
via the traditional “Rosenbluth” separation of the longitudi- the proton magnetic momeng,,, reduced from 2.79 to 1.
nal (L, charge and transvers€T, magneti¢ contributions to This modification greatly reduces the second-order effect, the
the electron-proton elastic cross section disagrees at lardeftover contribution being of the order of what is expected
momentum transfeq with the results obtained via measure- from Coulomb distortion alone. This qualitatively can be un-
ments of the proton recoil polarizatiqi]. It was immedi- derstood in terms of the above model; if two successive mag-
ately suspected that this could come from the fact that ametic scatterings were the only process, the contribution
large g the magnetic cross sectiar, becomes much larger Would be expected to scale wigk.

than the electric cross sectiar:. Therefore, small correc- Coulomb distortion is an established effect and fairly
tions to the cross section yield significant corrections to thestraightforward to calculatg8,9]. More difficulties arise for
small contribution proportional tG&z. the case of the exchange of two hard photons. Here not only

A reanalysis of the available data @mp scattering with ~ the proton ground statéreated in[4]), but also the proton
careful consideration of the systematic errors has confirme@xcited states come in. These dispersive effects are much
the presence of the discrepan@]. A recent experimeni3] more difficult to calculate. In this paper we study the effect
exploiting a technique less sensitive to systematic errors —of Coulomb distortionalone Among the various second-
recoil detection in the./ T separation — has also confirmed order contributions, this is the one which is best established.
the discrepancy between the valuesGyffrom L/T separa-
tion and recoil-polarization measurement [l. COULOMB DISTORTION

Traditionally, Gg andG,, have been determined using the
Rosenbluth technique and the plane-wave Born approxim
tion. Several papers have recently pointed out that secon
order effects could play an important rqié—6]. Among the
second-order effects two particular ones can be singled ou

(1) The effect of the proton charge to Coulomb distortion
of the ingoing and outgoing electron waves. This distortion

We have calculated the Coulomb distortion correction for
3|lectron-proton scattering using the second Born approxima-
ion, following the approach presented in RgB] for
electron-deuteron scattering. This serie€inis expected to

be very accurate fofa~ 0.01 of interest for hydrogen.

The corrections have been calculated using an exponential
charge distribution for the proton, in accordance with the fact
"hat the proton charge form factor is close to a dipole. The

deviations from the dipole shape found at very highre not
. - . . expected to have consequences on the Coulomb distortion,
sorbed into the form factors. Fa=1, Coulomb distortion which is a long-range effect. One finds that the effect of the

has been shown to have significant effects on the proton "M8oulomb distortion is of order 1% of the cross section. It is

radius[7,8) and tq remove a long-standing d|§crepancy formainly dependent on the angle, and thus does have effects in
the deuterorj9]. Diagrammatically, Coulomb distortion cor- Rosenbluth separations which compare data at the spme
responds to the exchange of one hard and @nesevera) but different angles

soft photon.
(2) The exchange of two hard photons. This contribution Il RESULTS

plays a role mainly at the largeys. Becauser, > o, one

could expect that the dominant term comes from two succes- Figure 1 shows the effect of the Coulomb distortion on

sive magnetic(i.e., spin flip interactions which therefore the cross section as a function offor several differentQ?

scattering experiments for nuclei with>1, but is almost
always neglected foZ=1 where it has been effectively ab-
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FIG. 1. (Color online Coulomb distortion to the elastic

. FIG. 3. lor online Rosenbluth extraction G -
electron-proton cross section. G. 3. (Color onling Rosenbluth e on OfyGe/ Gy be

fore (X) and after(circle) correcting for Coulomb distortion. The

] . solid line shows the parametrization of the polarization transfer
values. The effect is maximum ne@=1 Ge\?, and has @ measurements.

significante dependence. Note that the effect is very nearly

linear for theseQ” values, except for the very largestval-  |ower Q2 values. One can also use a different value for the
ues. ) . ) value of the Coulomb potential to increase or decrease in the
Figure 2 shows the results obtained in an effective mogorrection, but the overall agreement would not be any bet-
mentum approximatiofEMA) calculation. The EMA yields  ter, While the EMA prescription can be “tuned” to give good
similar results for Iarge: and IargeQZ, but is Significantly agreement for a range i or QZ, none of these approaches
different from the second-order Born calculation elsewhereyie|d an adequate approximation to the exact calculation.
The correction is calculated by increasing the energy of the The effect of the Coulomb distortion on the form factors
incoming and scattered electrons at the interaction vertex byt very low Q2 values has been studied in detgdl]. For
the Coulomb potential, and evaluating the cross section usin&rgeer values, the distortion grows wit@? until approxi-
using form factors at the modifie@? value, but leaving the mately 1 GeV, and then begin to decrease. HoweverQds
Mott cross section unchanged. For nuclei, the Coulomb pomcreases, the electric form factor yields a decreasinip-
tential is usually determined by assuming a uniform sphergendence in the reduced cross section, and so the effect of
with an rms radius that matches electron scattering measuréne Coulomb distortion 0iBg is magnified ag? increases.
ments, and then using the potential at the surfaceentey  Figure 3 shows the Rosenbluth extractionugGe/ Gy from
of the sphere. For the proton, the uniform sphere will tend tqhe global analysis of Ref11] before and after correcting
underestimate the effect since the charge is more highly corihe cross-section data for Coulomb distortion. Applying this
centrated in the center, so we use 1.9 MeV, the potential alorrection reduces the extracted form factor ratio, improving
the center. o . the agreement with polarization transfer results, but the ratio
Alternative prescriptions for the EMA use the modified js stjll well above the polarization transfer result. Figure 4
kinematics for the full cross section, rather than just the formgpows the change in the ratig,Ge/ Gy as a function ofQ2.
factors, or else include a focusing factor. However, in bothgecause the correction is not precisely lineaejrhe effect
cases one obtains a significant reduction in the size of thgp Ge depends somewhat on teeange covered at eacp?
correction at lowe, improving the agreement somewhat for yajye, and thus the correction shows a significant amount of
very largeQ? values, but making it significantly worse for scatter. For intermediat®? values, the change in the ex-
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FIG. 2. (Color onling Coulomb distortion to the elastic FIG. 4. The change in the extracted valuguyGe/ Gy resulting
electron-proton cross section in the EMA. from correcting for the effects of Coulomb distortion.
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I T Ty T ] section for a series of comparisons made in the 19668
i T J( ] Ref.[12] and references therginVhile the uncertainties are
z-l.lo A - large and the results consistent w1 (x°=23.9 for 28
b [ J T [ T [ ] data pointy the data are in better agreement with the values
\n‘ 1.05 § | l || i} . expected when including Coulomb distortiog?=14.7. In
p: 3 MR ¥ T )T ] particular, Coulomb distortion reproduces the systematic en-
5 100 f--f---------4--- } -- I—-{- E i—} 4 hancement of the ratio at lo®? ande.
I i Tl T 1
L X il
/& .98 [ l IV. CONCLUSIONS
0.900'0' — '0'2' — ‘5'4' — '0'6' — ‘0'8‘ — '1'0 In this paper we have shown that Coulomb distortion has
) ) ’ s ’ ’ ' a non-negligible effect on the proton elastic cross section.

The main effect is a change in thedependence of the cross
FIG. 5. (Color online@ Measurements of the ratio of positron- S€ction. Thes-dependent correction behaves approximately
proton to electron-proton scattering cross seciiblue X) along ~ as 1Q? for Q>>2 Ge\?, as does the contribution fro@g.
with the ratio predicted by the effects of Coulomb distortipged ~ Thus, the effect on the extraction &g decreases very
diamonds. slowly for large Q? values. While Coulomb distortion ex-
plains only a portion of the discrepancy and appears to be
tracted value ofu,Ge/ Gy can be as large or larger than the g4 compared to the effect of a two hard photon exchange

experimental uncertainties. Coulomb distortion has a smallef, its inclusion is rather straightforward and should be
effect on the extraction o6, approximately 1% for inter- elglor?]e 9

mediateQ? values, but this is comparable to the experimenta
uncertainties or,,.
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