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Abstract. The first measurements of the cross-section asymmetry Y for the deuteron photodisintegration
process at a cm angle of 90° up to 1.6 GeV were performed at Yerevan Electron Synchrotron. These results
are in reasonable agreement with previous measurements at lower energy. Our data show agreement with
the asymptotic meson exchange model predictions in the energy range 0.8-1.6 GeV.

PACS. 25.20.Lj Photoproduction reactions — 24.70.4s Polarization phenomena in reactions — 21.45.4+v

Few-body systems

1 Introduction

The exclusive deuteron photodisintegration reaction is one
of the important processes to study the problems of nu-
clear and particle physics.

In the low energy region E., = 0.1-0.6 GeV the pro-
cess yd — pn has been investigated over many years.
Beginning from 1980 we study this process with polar-
ized photons, measuring the asymmetry X [1], as well as
in double polarization experiments [2] up to the photon
energy I, = 1.0GeV. The results were compared with
various theoretical models, based on the meson, nucleon
and isobar degrees of freedom [1].

During the last few years the interest in studying the
process yd — pn at energies above E, = 1.0 GeV is grow-
ing. This is mainly explained by the possible contribution
of new degrees of freedom (quark, gluon) expected already
at energies as small as E, = 1.4GeV.

Such assumption is followed from the results of mea-
surement performed at SLAC [3] and TINAF [4] in the
energy range E, = 1.4-4.0GeV, where at 6, = 90°
a scaling-like behavior for the cross-section of the pro-
cess vd — pn was observed. This result is in agreement
with the prediction of the constituent quark counting rules
(do/dt ~ S~ [5].
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Theoretical models have been developed also for ener-
gies B, > 1.0 GeV trying to describe the existence of early
scaling in the reaction yd — pn within the framework
of models based on meson-baryons [6-8] or quark-gluon
degrees of freedom [9-11]. Among these models only two
models, in the energy range up to E., = 4 GeV and the an-
gular interval 6, = 36°-90°, seem to explain the behavior
of the differential cross-section of the process yd — pn [3,
4], the asymptotic meson-baryon exchange model and its
modification [7,8], and the QCD rescattering model [11].

The authors of these two models note the necessity
of the measurement of spin observables, which can give
the possibility to discriminate between the single quark
counting rules and the theoretical models.

Until now the theoretical predictions are existing only
for the cross-section asymmetry X', of the process of photo-
disintegration of deuteron with linearly polarized photons
at an energy E, above 1.0 GeV, in the asymptotic meson
exchange model [7] and QCD model of nuclear reduced
amplitude [9], where three possibilities are mentioned.

— Within the framework of deuteron photodisintegra-
tion asymptotic amplitude model with gauge invari-
ance (GIAM) [7] based on the meson hadron degrees
of freedom, it was assumed that the deuteron wave
function, used for the computation, contains the nu-
cleon |[NN) and also resonance’s configuration |[NN*).
Together with some diagrams for the asymptotic am-
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Fig. 1. Diagrams corresponding to the contribution of NN (a)
and NN* (b) configurations.

plitude of deuteron photodisintegration with contribu-
tion of NN configuration, fig. 1(a), there are also in
fig. 1(b), the unique diagrams with contribution of res-
onance’s configuration. The ratio of the dNN to the
dNN* vertex form factor Gy~ in [7] is determined
by a single parameter a(a = Gy~ /Gy ). In case of only
NN configuration, o = 0.

The dependence of the cross-section asymmetry X' on
E., was calculated in the GIAM model [7] for 6,," = 90°
in the energy range F, = 1.0-3.0GeV and a = 0 to
30. In the model [7] there is also a prediction for the
angular dependence of X' in the interval 6, = 0°-180°
for two energies I/, = 1.5 and 2.5 GeV for a = 0 and
a = 10.

— Within the framework of the model based on deuteron
photodisintegration meson theory, providing GI and
the hadron helicity conservation (HHC) [7,9], the de-
pendence of the cross-section asymmetry X(90°) on E.,
was calculated in the energy range £, = 1.0-3.0 GeV
[7].

— The hypothesis of hadron helicity conservation (HHC)
[9], is an important assumption of perturbative QCD.
For the process vd — pn with polarized photons, HHC
at the scaling regime, independently of the deuteron
structure (description of the composite system), gives
the value X' = —1 (6, = 90° cms) for the cross-section
asymmetry [7,9].

In this paper we present the results of the measure-
ment, for the first time, of the cross-section asymmetry
27 of the deuteron photodisintegration process by linearly
polarized photons in the energy range F. = 0.8-1.6 GeV
and 6, = 90° in the cms [12].

The European Physical Journal A

2 Instrumentation and methods
2.1 Experimental setup

The experiment was carried out on the linearly polarized
photon beam generated by coherent bremsstrahlung of
4.5GeV electrons of the Yerevan Synchrotron, on a in-
ternal 100 um diamond crystal target [1]. The experimen-
tal setup is shown in fig. 2. The external beam is shaped
by a system of collimators and sweeping magnets and it is
(10x 10) mm? wide at the target position. The beam mon-
itoring system is based on the thirty-channel pair spec-
trometer (PS-30), which consists of a bending magnet, a
set of removable converters and eleven telescopes of scin-
tillation counters. The 6 x 5 unmixed combinations of the
coincidences between the electron and positron telescopes
of the PS-30 define the thirty measured energy points
with regular steps AE,/E, = 2.2% in the wide energy

range (E,™ — E,™")/E, = 0.7, which allows the full
bremsstrahlung spectrum above 0.15 GeV to be scanned
by five measurements. During the experiment a particular
emphasis has been placed on maintaining the stability of
the coherent peak position (checks of the coherent peak
were carried out every 40-50s). Figure 3 shows results of
a measurement of the coherent bremsstrahlung spectrum
for E. =~ 4.1GeV and E peax ~ 1.25GeV and the fig. 4,
the corresponding calculated distribution of the polariza-
tion. The calculated mean polarization for the peak energy
region is ]5.7 ~ 0.6.

In this experiment the new liquid deuterium target of
a 300 mm long has been used, that allows to increase the
detection yield as compared the 90 mm one, used in pre-
vious experiments [1]. The protons are detected by the
magnetic spectrometer (MS) consisted of a double focus-
ing system, a bending magnet, a telescope of four trigger
counters, three scintillation momentum hodoscope coun-
ters (Hy, Ho, H3), consisting respectively of 8, 14 and 16
elements with the width of 26, 22 and 35mm, allowing
the full reconstruction of the momentum and the trajec-
tory. The angular and momentum acceptances and corre-
sponding resolutions of the MS are Af2 = 7 x 1073 str,
AP/P =17% and o9 = 1.3°, o P/P =~ 1.8%, respectively.
The protons are identified by the time of flight on the 9m
flight base. Time resolution about 1ns is sufficient up to
1.8 GeV/c for (m — p) separation.

The neutrons are detected by a time of flight ho-
doscope detector (NS-18) fig. 2, which was a 3 x 6 ma-
trix (6 rows, 3 column) of scintillation counters, each
23 x 23 x 30 cm? viewed by a photomultiplier at the end.
Six anticoincidence counters (for the detection of charged
particles) are mounted in front of NS, each counter cov-
ering wholly one line of 3 counters of the matrix. For the
~v-quanta rejection a lead converter of the 2 cm thickness
is placed in front of the veto counters.

The time-of-flight method between protons and neu-
trons arms fig. 5 is effective for the subtraction of the
accidentals (the level of accidentals is below 25% in the
considered photon energy range).
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Fig. 2. Experimental Setup. In the frame, the neutron spectrometer NS-18 from the front.

2.2 Data analysis

The extraction of the vd — pn process from the back-
ground of multiparticle processes (yd — NA, vd — #NN
and yd — warNN), caused by the high energy range of
the bremsstrahlung spectrum fig. 3, is carried out based
on the spectra of neutrons in NS-18 within and out of the
kinematic region of the process vd — pn.

A Monte Carlo simulation was used to determine the
kinematical range of the detection of the neutrons from
the reaction vd — pn, and the shape of the multiparticles
background contribution, as a function of the neutron az-
imuthal angle ¢,,. The neutrons and protons were detected
by the neutron (NS-18) spectrometer in coincidence with
the magnetic spectrometer (MS) fig. 2, for the kinematics
of the yd — pn process at the cms angle 6, = 90°.

The simulation was carried out for the process vd —
pn, and for the background reactions yd — pA(A — nm),
vd — pnw and vd — pnnw, within phase space approach
(FOWL). Figure 6 shows the results of the calculation at
photon energy E, = 1.25GeV.

Figure 6 shows the distribution of neutrons calcu-
lated by the Monte Carlo (MC) method for the three-
multiparticle background and for the vd — pn reactions
detected in the 6 rows counters (each row containing 3
counters) of the NS-18 spectrometer, with the correspond-
ing SDP (second-degree polynomial) fits. The normaliza-
tion for the background has been carried out at the co-
ordinate Y = +60 cm of the neutron spectrometer, where
the effects of multiscattering processes (multifiring and
mixing [13], see below) from the neutrons of the reaction
vd — pn are minimal. The normalization for the (MC)
of the vd — pn has been done through the experimental
yield of the reaction yd — pn (see fig. 7).

As we can see in fig. 6 the measured value of the
background, in the experiment, in the 4 rows of counters
with the corresponding SDP fitted distribution, is closer
in the shape to the neutron distribution of the reaction
vd — pnm, than to the distribution of SDP fit of the re-
actions yd — pA(A — nr) and pnn.

The observed increase of the measured background
compared with the calculated one, can be connected with
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Fig. 3. The coherent bremsstrahlung spectrum for F. =
4.1GeV and E_peax = 1.25 GeV measured with the PS-30.
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Fig. 4. The calculated energy distribution of the polarization
for the peak energy region E.pea = 1.25 GeV.

the multiscattering processes (multifiring and mixing) in
hodoscope neutron detectors [13].

It is known that the number of events from the effects
of multifiring and mixing is approximately proportional to
the number of incident neutrons registered in the neutron
counter. Consequently the contribution of multifiring and
mixing processes in the background can be considered as
being proportional to the yield of the reaction yd — pn.

Therefore, we note that the observed increase of the
background due to multiscattering effects cannot lead to
additional systematic error in the determination of the

100

80

Number of events

60

40

20

P P P P
100 120 140 160
Time of flight neutrons (ns)

o

[o2]
o

Fig. 5. TOF spectrum of the coincidence between the proton
and neutron arms (zero of the time scale is arbitrary).
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Fig. 6. Monte Carlo distributions of neutrons in the rows of
NS-18 for the process: 1 vd — pn,eyd — NA B ~vd — 7NN,
¥d — 7r NN and () experimental background.

cross-section asymmetry (X) of the vd — pn process (see
the formula of X'). This increase can only give, if there is
no correction of these effects (our case), a drop of the real
yields of neutrons.

Figure 7 shows (for E, = 1.25GeV) the measured dis-
tribution Y in 6 rows of neutron counters of the spectrome-
ter NS-18, and the SDP fit of the experimental background
contribution in the 4 rows of neutron counters. The back-
ground of the vd — pn process was obtain by integrating
this SDP fit curve in the interval —24cm <Y < 24 cm of
central rows counters.

The level of the background in the range of detection of
the process yvd — pn depends on the photon energy E,. In
the energy interval of our experiment E., = (0.8-1.6) GeV,
this background level has respectively, at maximum, the
value (10-50)% (with an error < 15%).
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This method of determination of the experimental
yields of the yd — pn reaction, is used in the cases of
incident polarized photons (perpendicular N 1, and par-
allel N — to the reaction plane).

The experimental normalized yields (N, T—) were ob-
tained from the photons intensity spectra (dN, T— /dE,)
for each orientation, and the photon energy acceptance of
the apparatus. The mean value of the photon polarization
P(E,) has been calculated from the energy distribution
of the polarization P, T— (F,) by the method described
in [14].

3 Results and summary

The cross-section asymmetry X' is determined using the
reaction yield N, — and N, T for photon polarization
parallel and perpendicular to the reaction plane:

2 =(Ny— —NaD)/(Py1 Ny —+P, — Ny 1), (1)

where P, 1, (P, —) is the mean value of the photon po-
larization in the F, acceptance.

The data obtained for the asymmetry X in the kine-
matic range E, = 0.8-1.6 GeV and 6," = 90° are pre-
sented in the fig. 8. The energy resolution RMS (E,) for
the photons varies from 40 to 140 MeV depending on FE,,.
The error bars include the statistical uncertainties and the
uncertainty of the calculated photon polarization (5%).

Our results are compared with the predictions of the-
oretical models (see the introduction).

— For X' we observe better agreement with the asymp-
totic meson exchange model predictions [7] in the mea-
sured energy range.
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Fig. 8. The energy dependence of the cross-section asymmetry
X for 6, = 90° in the cms.

— We note a possible increase for X at £, > 1.4GeV.
This increase, if confirmed in future measurements,
may indicate a change in the production mechanism for
these energies. In the model GIAM [7] N*-resonance’s
contribution is connected with the value of parameter
« (see introduction). The calculated values of X' in the
case where NN* configuration is absent (o = 0), are
for £, up to 2.5-3.0 GeV higher than those in the cases
of a > 0 (see in fig. 8 the values of X for @ = 0 and
a = 10). It would be interesting to see, if the observed
possible increase of X' is connected with the cancel-
ing of the N*-resonance’s contribution (o = 0) in the
amplitude of deuteron photodisintegration process for
E, >14GeV.

— Our results in the energy range £, = 1-1.6 GeV show
the values X' > 0, in strong disagreement with the
HHC hypothesis (X' = —1). This result is the first test
of HHC for exclusive photoreaction in the regime of
scaling (E, > 1.4GeV, for v4 — pn).

In future work, we plan to reduce the statistical errors
on X for energies higher than E, = 1.4 GeV and to make
a measurement of X' at £, = 2GeV. We plan also to
measure X at £, = 1.5GeV and 6, = 45° in the cms and
compare this value with the corresponding predictions of
the asymptotic meson exchange model [7].
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