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We have determined the *H(e, €’p)n cross section for neutron recoil momenta between 295 and 5010 MeV/c. In this re-

gion the 3Dy state contribution is predominant in the deuteron wave function. The high excitation ensrz
MeV) and the small momentum transferred ( gopy 2 = 166 fm™2 ) ermphasize the influence of nbar oon

y ELR =179
ratioms (1),

Experimental data are compared with calculations in cluding isobar contributions, mesoric exchange currents and final state

interactions.

In the last two decades a great effort has been
done to put experimental constraints on the available
realistic nucleon—nucleon (N—N) potentials, both to
possibly discriminate among several proposed interac-
tions and to elucidate the role of nonnucleonic de-
grees of freedom in the framework of OBE and derived
potentials. In the few-body systems, the non-nucleonic
effects are often important and the deuteron, even if
it is loosely bound, is one of the best candidates be-
cause complete calculations can in principle be per-
formed. Mesonic degrees of freedom have clearly
shown up in various electromagnetic processes. In
electron scattering, for example, compelling evidence
for mesonic exchange currents (MEC) was given by
experiments on deuteron electrodisintegration near

threshold [1]. A review of these inclusive experiments
and of their interpretation has recently been done by
Leidemann and Arenhdvel [2]. Isobar contributions
(1C) effects have been observed in some photodisinte-
gration experiments [3].

Through the proton angular distribution of the
2H(e, e'p) experiment ‘it is possible to measure the
neutron recoil momentum |n'| distribution which, in
plane wave impulse approximation (PWIA), is a direct
measurement of the deuteron wave function. A few
years ago, we performed a measurement up to |n'| =
340 MeV/c {4] to get information on the poorly
known deuteron D state wave function. Nevertheless,
firal state interactions (FSI) and meson exchange cur-
rents (MEC) have to be taken into account in addi-
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Fig. 1. The deuteron momentum density p [4] defined as
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for different nucleon—-nucleon interaction models: RSC {71,
Paris [8], HM2 and HM3a [9]. The D state admixture prob-
ability Pp is respectively 6.47%, 5.77%, 4.32%, 5.18%. u(r)
and w(r) are the radial wave functions for the S and D states
respectively,

tion to the direct knock out. An elaborate theoretical
analysis done by Arenhével [5] is in good agreement
with the experimental results.

It is in the momentum region from 300 to 500
MeV/e, where the D-state is dominant [6], that the
deuteron wave functions computed from various
nucleon—nucleon potentials have the largest differ-
ences (fig. 1). To explore this region with reasonable

counting rates, it is necessary to perform the measure-

ments at small electron scattering angles. This leads to
work at high excitation energy but low momentum
transfer, that is in kinematical conditions where the
contributions from the A-isobar exchange current
(IC) are quite substantial [5,10].

The experiment was performed using the Saclay
ALS accelerator and the two-spectrometers set-up of
the HE1 end station [11]. Electronsof 560 MeV were
incident on a liquid deuterium target consisting of a
15 mm diameter vertical stainless-steel cylinder, of
wall thickness 0.02 mm. Electrons, scattered at 25 e
were detected in the “900” spectrometer operating at
a fixed field corresponding to a momentum of 360
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MeV/c. These kinematical conditions give an excita-
tion energy of the neutron—proton pair 1P = 179
MeV and a transferred momentum (g, 12 = 1.66
fm—2. Protons were detected in the “600” spectrom-
eter at seven different angles and central energies (cf.
table 1) in order to measure the neutron recoil mo-
mentum distribution. A scintillation counter array
was added in the transverse plane of the proton spec-
trometer, in order to improve the horizontal angular
resolution and the missing energy resolution (the gain
was about 30% for the latter).

The target could be filled with either hydrogen or
deuterium. Hydrogen (ee’) elastic cross section meas-
urements allowed determination of the spectrometer
solid angle variations due to the extended target, as a
function of the scattering angle. These measurements
confirmed previous results obtained by displacing a
thin 12C target along the beam. The relative proton
detection efficiency, as a function of the proton
energy, was determined by measuring the hydrogen
elastic (ep) and (ee') cross_sections in several kinemat-
ical conditions. The results showed a 6% variation
between the two extreme values of the detected pro-
ton energies. By comparing (ee’p) and (ee) elastic
cross section values from hydrogen, we were also able
to estimate the absolute proton detection and coinci-
dence efficiencies. This renormalization factor was
1.05 £0.05. Elastic scattering measurements on the
deuteron, when compared to the data of Simon et al.
[12] resulted in a 1.11 £ 0.02 correction factor to the
product of detector efficiency and nominal target
thickness in the electron arm (there was no local
measurement of target density). Therefore the abso-
lute cross sections were obtained by introducing a
normalization factor K = 1.16. The uncertainty on
this factor is 7% including uncertainties on dead time
and absolute measurement on the proton solid angle.
The relative variation of the target thickness, due to
pressure or beam intensity variations, was accounted
for by measuring the electron single arm yields, the
relevant spectrometer having been kept at fixed angle
and field during the whole measurement.

The fivefold differential cross section, averaged
over the detection phase space can be written as:

d°0/dE" AR AR, = KRN/AE' AQq, NoNy

where NV, is the number of incoming electrons, Ny
the number of deuteron atoms per cm2, R is the ra-
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Fig. 2. Missing energy spectrum (full line) for the highest re-
coil momentum point |’} between 480 and 520 MeV/e.
Dashed line: accidental events only.

diative correction factor calculated as in ref. [4], and
N is the number of true coincidences. A2, is the
coincidence solid angle which factorizes, in our geo-
metrical conditions, into the product angular accept-
ances of the two arms. In the case of 2H, the kine-
matics is overdetermined; so the electron momentum
acceptance Ae’ was matched to the proton momen-
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Table 1

Kinematical conditions and experimental results. The kinemat-
ical values correspond to valuesin the center of the acceptances
for a coplanar reaction. The error bars are only statistical. An
additional 7% uncertainty on absolute normalization must be
taken into account.

E=560MeV, E =360MeV, 9o’ =25°

In'| op Tp d%o/dE'dQe dary,
(MeV/e) (degrees) (MeV) (pb/MeVsr2)
294 46.54 155 182.4 +8.2

320 6041 146.8 162 5.7

340 68.24 140 1204 *5.7

380 82.3 125.5 79.09+3.6

420 96.45 110 45.17+2.8

460 111.93 92.6 33 44

500 131.22 743 284 +1.8

tum acceptance in order to avoid coincidence losses.
Coincidence time and missing energy resolutions were
A7 = 1.5 ns, AE,, ~ 3.0 MeV; the missing energy
spectrum for |n'| = 500 MeV/c is shown in fig. 2. For
this point the true coincidence rate was 20 per hour,
and the true to accidental ratio was ~ 1. The beam in-
tensity was kept between 1 and 1.5 microamperes
during the whole experiment.

Experimental results are given in table 1. Fig. 3
shows the comparison of our results with Arenhgvel’s
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Fig. 3. Experimental resuits compared with Arenh6vel’s theoretical calculations [13]. (@) BA: calculation using nucleon plane
wave functions, N = BA + FSI, N + MEC + IC: “complete” calculation including explicit meson exchange currents and isobar con-
figurations. (b) Calculation for different potentials (with a reduction of 15% of the M1 A—N transition strength in comparison

with (a).
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non relativistic calculation. The BA curve also includes
the direct neutron knock-out with detection of the
spectator proton. At 500 MeV/c this contribution is
of the same order of magnitude as direct proton
knock-out. In fig. 3a, the different corrections to BA
are shown for the RSC potential [7] (P, = 6.47%).
FSI decrease the cross section by up to 60%, whereas
exchange currents increase it by up to a factor of 2
(+65% for IC, +25% for MEC). In spite of the relative
compensation of these interaction effects, the Born

approximation is clearly insufficient in this kinematics.

Nevertheless, there subsists a slight difference be-
tween the experimental and theoretical shapes of the
angular distributions. This is also the case if other po-
tentials are used, such as the Paris potential [8] (Pp, =
5.77%), which better reproduce the high momentum
part of the distribution (see fig. 3b). Comparing fig. 1
and fig. 3b one sees a reduction of the difference be-
tween the RSC and Paris potential predictions when
the complete calculation is performed. One must re-
mark that these two potentials give similar Ppy values.
A preliminary calculation by Laget [14], including
exchange currents and rescattering effects (in S-wave
only), shows significant difference between HM2 [9]
(Pp =4.32%) and RSC [7].

We have measured the deuteron electrodisintegra-
tion cross section with an accuracy of ~ 10% in a mo-
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mentum region where deuteron wave functions com-
puted with realistic N—N potentials differ substantially.
Discrimination among some of these potentials might
be possible when complete calculations, including re-
lativistic effects, become available.
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