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Neutron charge form factor at large g2
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The neutron charge form fact@g,(q) is determined from an analysis of the deuteron quadrupole form
factor F¢,(q) data. Recent calculations, based on a variety of different model interactions and currents,
indicate that the contributions associated with the uncertain two-body operators of shorter range are relatively
small for F¢,(q), even at large momentum transfigrHence,Gg,(q) can be extracted frork,(q) at large
g? without undue systematic uncertainties from theory.
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Knowledge of the neutron charge form fac@g, is of  3He). Several experiments of this type have been performed
great importance for an understanding of its internal strucrecently[3—13). The resulting values foBg, still have rela-
ture. It is also crucial for the calculation of nuclear chargetively large errors; they are, however, mainly statistical and
form factors, since the latter depend on b@h, and the thus can be reduced in the future using better technology.
proton charge form factoBe,, . The limit in g2 is presently 17 fm?. Two experiments are

Unfortunately,Gg, is still rather poorly known. The dif- under way at JLab to extend t@ range[14,15. Within the
ficulties encountered in measurir@g,, are twofold: since error bars the available results from the double-polarization
there are no free neutron targeGg, has to be measured experiments agree with the values determined from the deu-
using composite systems, and this leads to complications dueron structure functiod(q).
to the presence of other nucleons. In addition, the electron- In this Rapid Communication, we again use elastic
neutron cross section is dominated by the contribution fromelectron-deuteron data to determi@e,(q) at high momen-
the magnetic form factoBy,,, thus making a determination tum transfer. The novel aspect of the present approach con-
of Gg,, very difficult. sists of exploiting thequadrupoleform factorF ,(q) rather

The traditional approach to determif®:,, uses the deu- than the combination of monopole and quadrupole form fac-
teron structure functio\(q), to which the deuteron mag- tors represented b#(q), as done in the past.
netic form factor, and therefoi®,,, contributes negligibly. When using elastie-d scattering, two sources of theoret-
After removing, via theoretical calculations, the effect of theical uncertainty must be considered, due to the model for the
deuteron structure and the contributions to the scattering praNN interaction and the contribution of two-body currents.
cess from two-body currents, subtraction of g, contri-  We address the two-body currents first.
bution then allows one to extracg,. This procedure is Calculations of,(q) based on a variety of model inter-
sensitive to systematic errors in the theory used, particularlactions and currents indicate that contributions from two-
those associated with the modeling of shorter-range twobody currents are relatively small, even at the high momen-
body currents, which are still not very well controlled. tum transfers of interest here. This is consistent with the

As a consequence, the resulting valuesGer, [1,2] have  naive expectation that, sind&:,(q) involves an integral of
fairly large uncertainties, and are limited to momentumthe product of deutero8 andD-wave components with the
transfers belowg?=16 fm™ 2. This poses serious problems spherical Bessel functiojy(qr/2), it is presumably less sen-
for the calculation of form factors of light nuclei, which one sitive to two-body currents, at least the short-range ones as-
would want to calculate for the region covered by data, asociated with vector-meson exchanges and/or transition
region that extends tq?=30-100 fm 2. To the extent that mechanisms such as, for example, they operator, whose
current parametrizations of nucleon form factors providecontributions are quantitatively rather uncertain. This is illus-
sensible extrapolations faBg, at largeq?, one must con- trated in Fig. 1 where we show separately the contribution
clude that the contribution d&g,,, which seems to fall off associated with the-exchange two-body charge operator, as
with increasingg? much more slowly tharGg,, becomes well as that including, in addition, the-meson andpy
very important at these large momentum transfers. charge operators. Themeson ancp 7y contributions have

More recently, the exploitation of a new technique to de-opposite sign, and tend to cancel each other. As a result, the
termine Gg, has become practical: when performing antotal two-body contribution td=¢,(q) is dominated, up to
(e,e'n) coincidence experiment usingolarized electrons  ¢2=40 fm 2, by the long-ranger-exchange operator.
and when measuring ttpolarizationof the target nucleus or In this context, it is worth noting that, while modern re-
recoil neutron, it becomes possible to measure an interfemlistic interactions are essentially phase-equivalent — they
ence termGg,Gy,. This approach removes the difficulty all fit the Nijmegen database with)& per datum close to 1
associated witlis),, dominance, and is much less dependent— they do differ in the treatment of nonlocalities. Some of
on the nuclear structure of the target nuclédsuteron or them, such as the Argonngg model[16], are local(in LSJ
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2O T T T tions for Fco(q), Fm1(q), andF¢,(q) [45]. The statistical
1 errors of the data are calculated using the error matrix. The
systematic errors, which in general are the largest ones by
far, have been evaluated by changing each individual data set
by the quoted error, and refitting the complete data set. The
changes due to systematic errors of the different independent
sets of data are evaluated separately, and added quadratically.
1 The resultingFc»(q)is used below.
- In order to extractGg, we compare the predictions for
] Fco(q)from a number of theoretical calculations. These cal-
1 culations all useNN potentials that provide reasonably good
] fits to the modern scattering database, and consistent two-
body currents. We employ calculations using the Paris and
1 Bonn-B potentials by the Hannover groj#6,47, the calcu-
e lation of Forest and Schiavillg8] based on the Argonneg;g
q (fm™) NN potential, and the results obtained recently by the Mainz
group[49] using the Bonn OBEPQ-B potential. We also em-
FIG. 1. Effect of them-exchange two-body charge operator ploy the results of the calculation by Van Orden, Gross, and
(dashed lingand that obtained by including the remaining, shorter Devine [50] who use an OBE interaction directly fit to the
range, two-body contributionsolid line). NN scattering data.

While the first three calculations are based on an essen-
channely while some others, such as the CD-Bonn modetially nonrelativistic framework (with relativistic correc-
[17], have strong nonlocalities. In particular, the CD-Bonntions), the calculatiof49] starts from a system of coupled
interaction has a nonlocal one-pion-exchaf@®E) compo-  nucleon and meson fields and, by means of the Foldy-
nent. However, it has been known for some tifd€], and  Wouthuysen transformation, derives the nonrelativistic limit
recently reemphasized by For¢$g], that the local and non- including all the leading order relativistic contributions. The
local OPE interactions are related to each other via a unitargalculation of Van Ordeet al. starts from the Bethe-Salpeter
transformation. Therefore, the differences between local andquation, which has been reduced to a quasipotential equa-
nonlocal OPE cannot be of any consequence for the predigion by assuming that one of the nucleons is on mass shell.
tion of observables, such as the deuteron electromagnetithis calculation is Lorentz covariant and gauge invariant. Al
form factors under consideration here, provided, of coursegalculations include the relevant two-body terms.
that two-body currents generated by the unitary transforma- |n general, these calculations have used proton form fac-
tion are also included. This fact has been demonstf@@H tors as given by the Hoehler parametrizatidi], which
in a calculation of the deuteron structure functidfg) and explains well thee-p scattering data up to thqu of interest
tensor observable(q), based on the local Argonnggand  here, including the recer, /Gy, data[52-55. The cal-
nonlocal CD-Bonn models and associateditarily consis-  culations of Refs[49,50 have been carried out using the
teny electromagnetic currents. The remaining small differ-dipole form factor for the proton, which only roughly repro-
ences between the calculata@q) andt,i(q) are due to the duces the proton data; here we use the calculation of Aren-
additional short-range nonlocalities present in the CD-Bonnhoevelet al. [56] performed with the Hoehler form factors,
The upshot is that, provided that consistent calculations — iqvhile the calculation of van Ordeet al. has been renormal-
the sense above — are performed, present “realistic” interized to the Hoehler proton form factor. All calculations use
actions will lead to similar predictions for deuteron electro-the Galster[2] neutron charge form factor, or the one by
magnetic observables, at least to the extent that these arehler, which is very close in the rangeqﬁ of interest.
influenced predominantly by the OPE component. This is |n Fig. 2 we show the ratio of these theoretical
especially true for theFc, form factor for which the F_,(q)form factors to the experimental ones. This figure
m-exchange contributions dominate. shows that for theC2 form factor the different theoretical

Because of these considerations, the theoretical uncertairedictions are quite close. The effect®f, is appreciable
ties for Fc,(q) are small[smaller than forA(q)], which  at the higher momentum transfers, large enough to be ex-
allows us to to determin€g,, with smaller systematic errors tracted despite the differences between the theoretical predic-
and extend our knowledge of it to larger The use of tions.
Fc2(q) has now become possible with the measurements of In order to determineGg,, we use the following ap-
the polarization observablg(q) in electron-deuteron scat- proach: As the “theoretical prediction” we use tlwerage
tering. Witht,, known up tog®=40 fm™2, the quadrupole of the five calculations discussed above. For the “theoretical
form factorFc,(q) can be experimentally determined up to error bar” we take the quadratically added deviation of the
that g value. individual calculations from the average. The deviation of

In order to determineFc,(q), we have analyzed the this average from experiment we then take as an indication
world data on electron-deuteron elastic scattefidB—44.  that the Galstefor Hoehley Gg, used in the calculation is
Some 340 data points oe-d scattering are available for not quite the correct one, and we determidg, to get per-
momentum transfers below 65 frA. The cross sections and fect agreement between experiment and the theory average.
polarization observables are fitted with flexible parametrizaThe resulting values dBg,,, together with the error bars that
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FIG. 2. The ratios of theoretical to experimen@?2 form fac-

tors as a function of momentum transfer. For the Paris potential, we A N, .
are the values obtained from double-polarization experiments, and

the Galster parametrization with its extrapolation into the region not
covered by previous experimer(gotted ling.

also give the ratio obtained setti@,,=0.

include both the spread of the theoretical predictions

and the experimental uncertainty df,, are shown in Fig.

3.

Figure 3 shows that the form factors extracted from th
C2 deuteron structure function are reasonably accurate in
results obtained from double-
polarization measurements, and they agree with them in th
g® region of overlap. In comparison to the mean values oft
Gg,, determined by Platchkoet al. from the deuterom\(q)
structure function, the present results are somewhat higher
the region abovey?=8 fm~2, but compatible with them
given the spread of the theoretical predictions available t
Platchkovet al. at the time. TheGg, extracted from theC2
data have larger uncertainties at lo\f, where theCO mul-
tipolarity dominates the cross section and where the avail-
ablet,q data are not very accurate. There, the usagk(ol

comparison with the

leads to superior results.

The determination o&¢from F, extends to larger mo-
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FIG. 3. TheGg,extracted from theC2 data (¢ ). Also shown

ments presently under way at JLab are expected to provide
Jdata in this higheg? region.
In this Rapid Communication, we have determined the
neutron charge form facto®Gg, starting from the data on
%Iectron-deuteron elastic scattering. Contrary to previous
nalyses, we use the deuterquadrupoleform factor, which
is less sensitive to the short-range two-body currents that are
ot well under control. We employ a representative selection
of both nonrelativistic and relativistic theoretical calculations
o predict deuteron structure functions and contributions of
wo-body currents, thus allowing us to produce a fair esti-
mate of the theoretical uncertainties involved in our proce-
dure. Using this approach, we for the first time provide data
(other than upper limit§57]) for Gg,, at largeq?.
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