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Magnetic electron scattering from deuterium at low-momentum transfer
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The elastic and inelastic cross sections of deuterium for 56.4 MeV electrons scattered at 180', have been
measured up to an excitation energy of 19 MeV. The experimental cross sections are compared with those
calculated by Miller, by Durand, and by Arenhovel and Fabian, and also with the sum rules of O' Connell.
The results indicate that the contribution of meson exchange currents at this low-momentum transfer is
significant.

NUCLEAR HEACnoNS 'H(e, e'); e=~80., E=56.4 MeV; measured o. for E„=0'
to 19 MeV. Deduced elastic magnetic form factor.

I. INTRODUCTION

Although considerable attention has been given in
recent years to studies of electron scattering from
deuterium at high-momentum transfers, "there is,
nevertheless, an abiding need for low-momentum
transfer data. Some earlier electron scattering
work at 180' has been done in this momentum re-
gion. However, it was of relatively low resolu-
tion. The work reported on here' constitutes a
higher resolution study in which the measured
cross sections for elastic and inelastic scattering
are compared with theoretical calculations' ' and
with sum rules. ' Of particular importance is the
comparison with the work of Arenhovel and Fabian'
which indicates the presence of significant meson-
exchange effects at the low-momentum transfer
used in this work.

II. EXPERIMENTAL CONSIDERATIONS

The elastic and inelastic spectra of electrons
scattered at 180' were obtained using 56.4- MeV
incident electrons from the Naval Research Labor-
atory 65-MeV Linac. The inelastic spectrum was
taken up to an excitation energy of 19 MeV. The
deuterium target gas was contained in a cylindri-
cal stainless steel chamber 5.08 cm long, 1.90
cm in diameter, and with 12.7 p, m thick titanium
foil windows, 0.952 cm in diameter, at each end.
This chamber-, which was in turn inserted into the
target vacuum chamber, was cooled to liquid ni-
trogen temperature and pressurized to 4.4 atm.

Under these conditions a target thickness of 14.4
mg/cm' could be achieved for the experiment.
The details of the 180' electron scattering facility, '
as well as of the gas target system" and its use, "
can be found in earlier reports.

The collected data wire corrected for mag-
netic spectrometer dispersion and detector effi-
ciency variations. Because the magnetic spectro-
meter has a finite solid angle of 1.64 msr, charge
scattered electrons at angles near 180' will be
counted. If multiple scattering is also considered,
the effective scattering angle is 178.9 . Also there
is background from the gas chamber windows plus
and overall background due to some electrons
striking the beam pipes, collimators, slits, and
other parts of the beam handling system. To sub-
tract this overall background including that due
to charge scattering, 'He at the same pressure as
'-H was used, since it has no magnetic moment.

Ca].ibraiion of the gas target system was accom-
plished by measuring the 'H elastic scattering
cross section and comparing it to accepted values
in the literature'2 to obtain a correction factor
which could then be applied to the 'H cross section
measurements. Details of the procedure used in
doing this, as well as that used in the radiative
unfolding of the spectrum, are given in an earlier
report. "

III, RESULTS AND DISCUSSION

The radiatively unfoMed experimental cross
section values for 56.4-MeV electrons scattered
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at 180' from the above-described gas target are
presented in Fig. 1. Shown also is the calculated
cross section curve of Miller' for the small in-
elastic region between about 2.4- and 3-MeV exci-
tation, which was based on the impulse approxi-
mation calculation of Adler. " Above 3-MeV ex-
citation the curve is based on the theory of Dur-
and. ' In addition, the dashed curve in Fig. 1 pre-
sents the results of a recent calculation based on
the work of Arenhovel and Fabian' which uses a
Beid soft-core potential and includes meson-ex-
change (MEC) and isobar configuration (IC) effects.
The latter curve clearly is in much better agree-
ment with the experimental data. The recent high
energy experiments of Simon et a/. "when also
compared to the calculations of Ref. 7 indicate
the presence of MEC and IC effects. Our results
show that even at low-momentum transfers,
especially the MEC effects can stiQ play a sig-
nificant role in the interaction.

In an earlier work, Peterson and Barber, ' using
a 41.5 MeV incident beam, also measured the
electrodisintegration cross section of 'H at 180 '.
Their experimental values were compared with
the point-nucleus calculation of Jankus. " This
calculation was found to be about 50% below the
experimental points at the higher excitation ener-
gies. Although this early experiment was per-
formed with considerably lower resolution than the
present work, there is good agreement between
the two measurements.

The value of the magnetic form factor, 5'«G, for
the elastic scattering found in this work i.s plotted
versus q' in Fig. 2 along with values measured by
other investigators. "" The experimental point
contributed by this work is E«G=0.89+ 0.06 at q'
=0.308. This was determined by taking the square
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FIG. 2. Magnetic form factors for elastic electron
scatterirg from 2D from different experiments plotted
vs q . The solid line is a calculation of IM„G using the
Reid soft-core potential with 6.5'% D state (Ref. 18).

root of the ratio of the experimental to the Mott
cross section values. Shown also is a calculated"
curve for the form factor using a Reid soft- core
potential with a 6.5% D state contribution. Al-
though there is general agreement with the shape
of the calculated curve, it is consistently lower
than the experimental points. Since the relatively
large amount of D state causes the calculated static
magnetic moment to be somewhat low, the entire
curve is shifted downward, particularly. in the low
q' region.

%e compare our experimental results with the
sum rule of Q'Connell, ' which is derived for the
spatially symmetric part of the ls shell nuclei.
This comparison, along with the details of the
theoretical sum rule expressions, also was given
in an earlier report. " Therefore, it is sufficient
here to note that O'Connell's basic expression
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essentially consists of two terms, J and M. J rep-
resents the transverse convection current contri-
bution, while M is the spin magnetization contribu-
tion (for the precise definition of all quantities in
Eq. (I) see Ref. II). In Table I are presented the

TABLE I. The factor J+M of the sum rule expression
of O' Connell (Ref. 8) is compared with experimental val-
ues of the factor corresponding to the. elastic, inelastic,
and total cross sections. The errors shown on the J+M
total are chieQy due to the inelastic part. The experi-
mental sums were taken up to 19-MeV excitation energy.

FIG. 1. Cross section values for 56.4-MeV electrons
scattered at 180' from H. The soli.d curve is based on
the calculation of Miller (Ref. 5) up to 3-MeV excitation
and Durand (Ref. 6) above this energy. The dashed curve
is the result of a calculation of Arenhovel (Ref. 7}
which includes meson-exchange and isobar configuration

,effects.

elastic
inelastic
total

Experiment

J+M
0.0042
0.0535
0.0577 + 0.0033

Theory

J+M

0.078
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values of @+M for the elastic, inelastic, and total
cross sections to be compared. It will be noted
that the experimental value for the total cross sec-
tion up to 19-MeV excitation is about 74% of the
theoretical value which includes all excitation
energies. The sum of the inelastic experimental
values exhaust 69% of the theoretical sum. This is
to be compared with 60% exhausted by the inelastic
cross section sum calculated from Arenhovel and
Fabian' (not included in Table I).

In conclusion it is judged thai this work provides
a higher resolution low-momentum datum needed
in arriving at any overall understanding of deuter-
on structure. In particular this work shows that

meson-exchange effects are present to a significant
extent in the interaction at low-momentum trans-
fers.
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