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The asymmetries (0. . =7/2) for the reaction 2H(y,n)p have been measured with use
of a monochromatic and linearly polarized Y-~ray beam, obtained by backward Compton
scattering of laser light against high-energy electrons. Contributions from meson ex-
change currents must be included in the theoretical calculations to reproduce our data.

PACS numbers: 25.20.+g

Considerable attention has been given over the
past few years to the deuteron photodisintegra-
tion process where contributions from meson ex-
change currents and isobar configurations have
been recogrized to intervene quite appreciably.
This paper reports on neutron asymmetry meas-
urements in such a process as a function of the
photon energy, obtained with the Ladon photon
beam at the Frascati National Laboratories.!

The center-of-mass (c.m.) differential cross
section for the reaction *H{y,»n)p induced by lin-
early polarized y rays can be written in the form?

do

Eﬁﬂo(&‘) +PI,(0) cos2¢

=I,0)[1+P2(9) cos2¢], (1)
where 6 is the angle between the neutron and pho-
ton momenta in the c.m. system and ¢ is the an-
gle between the polarization and reaction planes;
P represents the degree of linear polarization of
the photon beam and

2(0)=1,(6)/1,(6) (2)
determines the asymmetry of the differential
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cross section.

Almost all the experiments performed till now
have measured the total cross sections and sets
of I,(9) values only in the angular region 25°< 6
< 150° in the laboratory (see Refs. 3—5 and refer-
ences quoted therein). Exceptions are the recent
measurements of 1,(0) and I,(r) carried out by
Hughes et al.® and by Gilot et al.,” besides a few
measurements of = (9) that we will comment on
later. Calculations carried out in the nonrelativ-
istic limit have shown that the bulk of the existing
data at photon energies between about 10 and 50
MeV can be reproduced reasonably well employ-
ing standard deuteron wave functions and charge-
current operators (see Refs. 2, 8, and 9 and ref-
erences quoted therein), For a more accurate
description, meson exchange currents (MEC) and
isobar resonance admixtures (IC) must be taken
into account. In particular, Arenhodvel® has point-
ed out that these contributions sensibly affect the
theoretical calculations of (9) above about 50
MeV.

As is clearly shown by Eq. (1), the asymmetry
(6) and I,(0) are not accessible to experiments
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with unpolarized photons (P=0): They can only
be measured with linearly polarized y-ray beams
(P+0), The existing measurements of =(8) are
those of Liu'® obtained with photons ranging from
75 to 230 MeV, those of Barbiellini ef al.** from
200 to 400 MeV, and the recent result of Del
Bianco et al.'? at 20.3 MeV. Our experiment fills
the gap in the available experimental data exist-
ing at low y-ray energies by measuring >{9) at
the neutron angle 6 =7/2 in the energy range 10
SE, S 70 MeV.

The source of monochromatic and linearly po-
larized y rays was the Ladon facility recently
developed at Frascati' and obtained by Compton
scattering of laser light against the high-energy
electrons circulating in the Adone storage ring.
The properties of the beam are summarized in
Table I for the energies of the experiment.

The photoneutrons were detected with a 30,5~
cm-diamx 15.2-cm-long NE-213 scintillator; a
6.3-cm-diamX 6, 3-cm-long NE-232 deuterated
scintillator was used both as a deuterium target
and as a proton detector. In a subsequent series
of runs the target was replaced with a 3.8-cm-
diamX 10.2-cm-long NE-230 deuterated scintil-
lator that was made available in order to improve
the background rejection by pulse-shape discrim-
ination. The consistency of the two sets of data
so obtained has been checked and proved to be
fully satisfactory. Both the proton energy and
the neutron time of flight were measured in coin-
cidence with the electron bunch in the storage
ring. The photon flux was monitored with a 12.5-
cm-~diamX 15.4~cm-~long NaI(T1) crystal placed at
the end of the photon channel. Data were taken
in a series of alternating runs at ¢ =0 and ¢ =7/2
in the same experimental conditions.

A typical time-of-flight spectrum for protons

TABLE I. Photon beam characteristics during data
taking and experimental values for X(6. . =7/2).

Y-ray
E, AE, (FWHM) intensity
(MeV) (MeV) (y/sec) P Z(em.=m/2)
9.9 0.3 1.5%10* 0.999  0.97+0.01
14.8 0.4 2.2X10°  0.999  0.92+0.02
19.8 0.4 2.3%10% 0.999 0.92+ 0.01
29.0 1.0 3.4%X10° 0.999  0.81+0.03
38.3 1.8 3.8%10* 0.996  0.66+0.03
46.5 3.0 4.6%10° 0.994  0.57£0.04
54.5 4.5 4.8%10% 0.991  0.40%0.05
69.0 7.0 4.9x10% 0.986 0.27£0.07

from the reaction *H{y,n)p is shown in Fig, 1E,
=20 MeV; 6=7/2; ¢ =0). The ratio of events in
the photoneutron peak to the y-ray flux gives the
relative photoneutron yield Y(9, ¢) at the angles
6 and ¢. From this one can obtain the ratio R (9)
defined as follows:

R(0)=Y(0,7/2)/Y(0,0). (3)

This quantity does not depend on the neutron-
counter efficiency, on the geometry of the deu-~
terium target, or on the absolute beam monitor-
ing. The quantity > (0 =7/2) can be expressed!in
terms of R (9 =7/2) and is given by
 ov_ A1 1=ER(a/2)

Z(G—vr/&)—ngm'ij R @)
where C is a finite-solid-angle correction factor
whereas % corrects for the neutron multiple scat-
tering and absorption processes in the target and
has been evaluated by a Monte Carlo calculation:
Effects due both the *H and '*C have been taken
into account.

In Table I'and in Fig. 2 the measured =0 =7/2)
values are shown as a function of the incident y-
ray energy. The quoted errors are from courting
statistics only. In addition, a systematic error
of about + 0,02 has to be assigned to the measured
values, as a consequence of the uncertainties!in
the correction-factor evaluation, mainly 2. All
experimental points have been assigned to the y-
ray beam average energy,; the horizontal bars
show a conventional energy uncertainty, equal to
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FIG. 1. A typical time-of-flight spectrum obtained
at £,=19.6 MeV (1.6 nsec per channel).
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FIG. 2. Plot of the ratio Z (0., =7/2) vs £, for the
reaction/*H{y,n)p. Dashed and full curves are the
Arenhovsl caleulations in approximations I and II (see .
text), respectively. )

the full width at half maximum (FWHM) of the
beam. In the figure we also report the result of
the experiment of Del Bianco et al.” and the
points of Liu® at y-ray energies above 80 MeV.
Note the good agreement between our result for
> at 19.8 MeV and that obtained by Del Bianco et
al.** at'E, =20.3 MeV. Furthermore, the trend
of our experimental data around 70 MeV matches
quite well with Liu’s results at higher energies.*
Theoretical calculations have been performed
by Arenhovel® using the Reid soft-core potential
and including multipoles up to L =4. It has been
shown that Iarge MEC effects are present inthe
E 1 transitions, even though most of them are
covered by use of the Siegert theorem. Also the
M1 tesms carry appreciable contributions, but
for higher multipoles the effects are rather
small., N
In particular we report two curves following
two different approximations: The first (approxi-
mation I) follows the standard Partovi theory?
with the use of the Siegert theorem and Siegert
hypothesis in the expression of the multipole
operators (dashed curve in Fig. 2). In this way
the dominant part of MEC enters the calculation
_through the coramutator between the total nuclear
Hamiltonian and the one-body charge density. The
second (approximation ITI) has been obtained by
adding to the previous terms the contributions re-
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lated to the two-body current density associated
with the one-pion exchange and A-isobar excita-
tions (solid curve in Fig. 2).

The present determination of = is consistent
within errors with the Arenhdvel provisions in
approximation II. Therefore our experimental
data definitely confirm the need for a complete
inclusion of MEC contributions. More detailed
information for the understanding of the MEC
contributions in the deuteron photodisintegration
process can be achieved by measuring = at dif-
ferent angles. This experimental program is al-
ready in progress at Frascati with the Ladon
beam.

We would like to thank the Adone group for the
good operation of the accelerator and the techni-
cal staff of the Ladon group, E. Cima, A. Dante,
L. Passamonti, A. Pecchi, and L. Ruggeri, for
their assistance during the experiment.
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