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The nucleon emission asymmetry in a(e, pn)e’ reaction was measured using the tensor-polarized deuterium jet target in the
VEPP-2 electron storage ring. At the present experimental accuracy, the results for the proton energy interval £,=12-100 MeV

do not contradict the nonrelativistic calculations.

The structure of two-nucleon systems is a problem
of vital interest on the borderline of particle physics
and nuclear physics. From the current-day point of
view [1], even the understanding of a deuteron as a
lightest bound nuclear system is insufficient. One
needs both the “classical-type” information (more
accurate determination of S- and D-waves of the two-
nucleon wave function, especially for high-momen-
tum components, separation of monopole and quad-
rupole form factors and so on) and the information
on a deeper level, namely connected with relativistic
effects [2] and with the manifestations of meson
exchange currents [3], isobar configurations and
subnucleon degrees of freedom.

Polarization experiments, in particular with elec-
tromagnetic probes [4-6], could serve as a powerful
tool for studying those problems. First polarization
measurements [7-9] have been carried out in the
elastic (ed) channel with the main goal to determine
the quadrupole deuteron form factor. New experi-
ments of the same kind are in progress [10].

Related information can be obtained from the ine-
lastic process of deuteron electro- (or photo-) disin-
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tegration. Below we report on the results Pf the first
measurement of the asymmetry in the d(e, pn)e’
reaction of electrodisintegration of tensor-polarized
deuterons by 180 MeV eclectrons. Like our previous
experiments [8,9], the measurement has been per-
formed in the Novosibirsk electron storage ring
VEPP-2 using a gas jet of polarized deuterium atoms
as an internal target.

Since the main part of the total electrodisintegra-
tion cross section is concentrated near small electron
scattering angles, the measurement of the energy and
the emission angle of the proton is actually sufficient
to determine correctly the reaction kinematics in
most cases. To extract the events of the process of
interest from numerous triggerings of the proton
detector, the registration of the proton and the neu-
tron in coincidence was performed. Both time and
space p—n correlations were used to identify a pair of
nucleons with the disintegration event.

In inelastic electron scattering at small angles the
virtual photon absorbed by a deuteron differs only
slightly from the real one. Therefore for a qualitative
understanding of the main features of the process one
may consider the photodisintegration of a tensor-
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polarized deuteron instead of its electrodisintegra-
tion. Then in the simplest plane-wave approxima-
tion the cross section can be written as follows:

do _po
"~ M
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x[(psm()p) W, + (psme) Wem+Wm]-
a) )

4y

Here w is the photon energy; M, p, and 8, are the
proton mass, momentum, and emission angle,
whereas W, and W, are proportional to the squared
matrix elements of the pure electric and magnetic
amplitudes, respectively. W., is the interference
term. Assuming for simplicity the neutron charge
form factor to be zero, one obtains for the main term
W.

W.=(f)*(F§+8F3)

xX[1—-4 P,,P,((n/n)-h)
X Fy(Fo +F,)/(F§+8F3)],

Fy= Jjo(nr) u(r)rdr,
0

Fy= jjz(nr) [w(r)//8]rdr. (2)
(4]

Here P, is a Legendre polynomial, f; is the proton
charge form factor, » is the momentum of the neu-
tron spectator, n=|n| and A is the unit vector in the
direction of the deuteron polarization. The polari-
zation degree is defined by P,,=1 — 3b,, b, being the
fraction of atoms with the nuclear spin projection
m,=0, F, and F, are connected with the neutron
momentum distributions for S- and D-waves,
respectively, u(r) and w(r) are the corresponding
wave functions.

It is seen from eqs. (2) that the azimuthal asym-
metry with respect to the photon momentum g arises
for the nonzero angle between & and ¢. The measure-
ment of this asymmetry taken together with data from
unpolarized experiments makes it possible to deter-
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Fig. 1. The experimental scheme for the a(e, pn)e’ reaction. I
and II correspond to different registration systems, H, and H,
stand for two directions of the magnetic field fixing the polari-
zation direction.

mine the deuteron inelastic form factors F, and F,
separately. In a more consistent description taking
into account the final state interaction of nucleons,
the observed asymmetry can be expressed in a more
complicated way in terms of the deuteron bound state
and final continuum state wave functions. Therefore
the physical information obtainable is richer.

The experimental arrangement is given schemati-
cally in fig. 1. The electron beam with an average
current of 0.5 A and a diameter of 5 mm crossed a 7
mm diameter jet of polarized deuterium atoms of
about 10'! at/cm? thickness. Two identical detection
systems, placed symmetrically with respect to the
electron beam axis, were used for registration of pro-
tons with emission angles 6,=40°-50° and
|¢,| <10° in coincidence with neutrons.

To detect protons, use was made of the electron
detectors of the previous experiment [9]. The direc-
tion and two coordinates of proton emission were
determined by four drift chambers (two nearby wires
per cell to remove the left-right ambiguity). The
anode voltage of drift chambers has been chosen so
as to reduce the efficiency of a chamber with respect
to electrons keeping the high registration efficiency
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Fig. 2. (a) Event distribution in the 4,~A4, plane of the ampli-

tudes for two proton counters. The proton energy is shown for

the bending points. (b) Event distribution in the A,~7 plane (4,

is the amplitude for the first proton counter and 7 is the time

interval between signals from the proton and neutron counters).

for protons with £, < 100 MeV. Specific energy losses
of particles were measured by proportional chambers.

To determine the proton energy, the amplitudes of
signals from two 11 mm thick plastic scintillators
were used. The distribution of events in the 4,-4,
plane (A4, and A4, being the amplitudes of the
counters) is plotted in fig. 2a. The events form a tri-
angle with sharp edges. The proton energies in the
vertex points were calculated taking into account the
energy losses in the counter material as well as in foils,
shields and gas volumes. These energies were used to
calibrate the counters. The dependence of the output
of light on the specific energy loss was taken into
account in the determination of the proton energy.

Neutrons were registered by 300 mm diameter
plastic scintillators with an efficiency of about
20-30%. Neutron counters were preceded by anti-
coincidence counters and 10 mm thick lead convert-
ers to reduce the photon background. The distance
between the neutron counters and the target was equal
to 60 cm.

The deuteron disintegration events were discrimi-
nated using the relation between E and dE/dX in
proton detection systems, the coordinate of proton
emission from the target region and the time interval
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7 between triggerings of proton and neutron counters.

Fig. 2b shows the event distribution in the 4,-7
plane. One can see the points corresponding to the
events with 4,=0 (e.g. the proton stops in the first
counter) and without a signal from the anticoinci-
dence counter. It is obvious that the time resolution
permits one to separate the background coincidences
of a proton with fast particles. Such background
events may happen, for instance, from the d(e,
n°p)e’n process as well as from the proton quasielas-
tic knockout d(e, e’ p)n if for some reasons there was
no anticoincidence counter signal.

The experiment was carried out at four different
states of target polarization. The polarization direc-
tion as well as the type of the radio-frequency tran-
sition between h.f.s. states determining the sign of P,,
were changed each 5-6 min during the 125 h data
taking period. The polarization direction was fixed
by a magnetic field of 0.37 kG being oriented alter-
natively at 8,=40° and 130° (H, and H, directions
correspondingly, see fig. 1).

The degree of the tensor polarization of a gas jet
(1P,.]), was determined from the analysis of the
deviations of atoms in a nonuniform magnetic field
[11]. Such measurements were repeated many times
during the experiment.

The average P,, values are equal to 0.92+0.09 and
—0.841%0.11 for different rf transitions. Note that rf
transitions devastating the substate with m.=0
(P.,>0) have a higher probability. The spread of P,.
values is, to some extent, due to measurement errors.
It is confirmed by the fact that in some measure-
ments values of |P,,|>1 were obtained, which is
impossible for the utilized types of rf transitions.
However, we below identify this spreading with an
error on the value of P,,.

The effective degree of deuterium polarization
P in the intersection region of the gas jet with the
electron beam is less than P,,. It is reduced because
of (i) the finite value of the governing field (the cor-
responding correction factor is C,=0.934) and (ii)
the nonpolarized target background. To determine
the unpolarized background use was made of the dis-
tribution of events with respect to the coordinate X
of proton emission from the target region along the
electron beam axis. The corresponding histogram of
events are plotted in fig. 3. The upper histogram was
obtained with the target switched on whereas the

183



Volume 188, number 2 PHYSICS LETTERS B 9 April 1987
Table 1 .
[ The asymmetry of the d(e, pn)e’ reaction cross section.
60 E, [MeV] o [MeV] n [MeV/c] o (X 100)
o 40 12- 24 22- 44 135-185 891t 4.7
z 24- 36 44- 64 185-222 192+ 5.7
S 20 F 36- 50 64- 86 222-257 18.1+10.2
) 50-100 86-164 257-348 424x11.6
z
v

L L}
N Mu\h
0 lown

Fig. 3. Histogram with respect to the X coordinate of proton
emission from the target region. The upper histogram corre-
sponds to the target switched on whereas the lower one corre-
sponds to the target switched off at the increased deuterium
concentration in the vacuum chamber of the storage ring. Arrows
indicate the X range covering the target location.

lower one is for the target switched off when the deu-
terium concentration in the vacuum chamber of the
storage ring is known.

Assuming the same shape of the distribution of
background events for both histograms we found the
polarization correction factor C,=0.73+0.04 for
events from the interval of X which contains the tar-
get (see fig. 3). Finally, we have that P$T=P,.C,C,
is equal to 0.63+£0.07 or —0.57+0.08 correspond-
ingly, for two types of rf transitions.

The high level of the nonpolarized background does
not correspond to the deuterium partial pressure
(10-3Torr) established in the vacuum chamber when
the target is switched on. It can be explained by the
effect of ion confinement in the electrostatic field of
the electron beam, assuming the complete compen-
sation of the beam charge by deuterium ions alone.
The nonlinear dependence of the p—n coincidence
counting rate on the deuterium pressure in the cham-
ber when the target is switched off can be regarded as
a confirmation of such an explanation. For pressures
of 2x 108 Torr and 2 X 10~ ¢ Torr the counting rates
differ by one order of magnitude only, rather than by
two orders, so just the ion confinement determines
the counting rate at small pressure.

Let us denote the counting rate of the first system
as R!, for the case when P,,>0 and the direction of
the polarization is fixed by the magnetic field H, (see
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fig. 1). Here and below the upper index labels the
detection system while the lower one coincides with
the field index in the notation H; and the sign index
is simply the sign of P,,. According to eq. (2), R,
should exceed the similar quantity R, for the sec-
ond system at the same polarization state of a target.
The situation reverses when the sign of P,, or the
direction of the magnetic field are changed. There-
fore we define the average cross section asymmetry
for the four polarization states of a target as follows:

a= 1<R‘1+ —Ri. Ri_-Ri
" 4\Ri.+R. Ri_+R}

4

I I
Rz+ —R3.
1 I

2+ +Ra,

R 'Rg") (3)

R:_+RIL

Note that the asymmetry, defined according to eq.
(3), is insensitive, in the first approximation, to the
systematic errors due to the difference of the effi-
ciencies and the solid angles of the detectors,

The values of asymmetry measured for the differ-
ent regions of the proton energy E,, are listed in table
1 and plotted in fig. 4. The energy transfer w and the
neutron momentum # in the table are calculated for
the two-body break-up of a deuteron, and the elec-
tron scattering angle 6,=0°.

The averaged asymmetry (multiplied by 100) for
the events from the tail of the X-distribution (the
upper histogram in fig. 3) and for the events obtained
at the switched-off target with a deuterium pressure
in the vacuum chamber of 2% 10~¢ Torr is equal to
—2.0%4.3 and 0.6 + 3.5, respectively, e.g. within the
error bars it is zero.

Fig. 4 shows the experimental points together with
theoretical predictions. Curve 1 is the result of a cal-
culation in the plane-wave approximation for the
final state using the Hamada-Johnston potential for
the bound initial state. One can naturally ascribe the
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Fig. 4. The cross section asymmetry (see eq. (3) in the text) for
the d(e, pn)e’ reaction of the disintegration of the tensor-polar-
ized deuteron. Experimental data are shown by dots with error
bars. The curves are theoretical results for: the final state plane
wave approximation with the Hamada-Johnston initial bound
wave function (curve 1); the relativistic impulse approximation
with the RSC potential (calculations by the authors of ref. [6]
according to the method of that reference) (curve 2); the non-
relativistic calculation by H. Arenhével with the final state inter-
action effects [12] for the RSC potential (curve 3), the dashed
curve corresponds to the addition of meson exchange currents
and isobar excitations. E,, is the proton energy,  is the transfer
energy and » is the neutron momentum.

excess of the predicted asymmetry compared with the
experimental one for small proton energies to the final
state p—n interaction. Curve 2 is obtained by the cal-
culation in the relativistic impulse approximation [6]
using the deuteron wave function from the Reid soft
core (RSC) potential. Here the final state interac-
tion is partially taken into account (in the channel
with the deuteron quantum numbers). These results
agree with experiment for small E,, but underesti-
mate the asymmetry for E,~ 80 MeV.

Finally, curve 3 represents the results of a consistent
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nonrelativistic calculation [12] also using the RSC
potential with the final state interaction taken into
account exactly. The dashed line includes, in addi-
tion, the contribution of mesonic exchange currents
and isobar excitations [12]. Experimental data are
reasonably described by these curves. The improve-
ment of the accuracy of the experiment will give the
possibility to discriminate distinctly between differ-
ent theoretical models.
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