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Abstract

. At present, high-energy deuteron photodisintegration data exist
only at c.m. reaction angles of 90° or less. However, recent theoretical
developments indicate that a comparison of the cross section at small
and large angles would reveal new information about the dominant
reaction process for the D(-y, p)n reaction.

We propose to extend the existing differential cross section mea-
surements for the exclusive D(vy, p)n reaction to c.m. reaction angles
as large as 145° in the energy region of 1.2 to 3.2 GeV. The proposed
experiment must be performed in Hall A because of the need for spec-
trometer arms which can operate at large angles and which have a
large target length acceptance as well as excellent target reconstruc-
tion properties. This experiment is compatible with E89-019, and
much of it could run parasitically with E89-019 since E89-019 makes
use of only one spectrometer arm. However, new beam time of three
days is needed for the 3.2 GeV data.



1 INTRODUCTION

Recent measurements [1] of two-body photodisintegration of the deuteron
at high energy have shown an energy dependence that is consistent with
constituent counting rules [2, 3, 4] (CCR) at angles of 0., = 69° and 89°.
However, the data disagree with the constituent counting rules at smaller
angles. Furthermore, the energy dependence at all angles disagrees with the
reduced nuclear amplitude analysis [5, 6] (RNA). This is surprising since
this analysis is expected to exhibit scaling before the onset of constituent
counting and because the new A(Q?) for electron-deuteron elastic scattering
[7] agree with RNA.

Nevertheless, two recent theoretical calculations can explain the energy
and angular dependence of the D(v,p)n reaction. The asymptotic meson
exchange model [8] and the quark-interchange model [9] can explain the
energy and angular dependence of the high energy data. These two models
disagree on the angular and energy dependence for the backward angles for
which there are no measurements above a photon energy of 1.6 GeV.

Another theoretical calculation, the quark gluon string model [10] is in
reasonable agreement with the forward angles. However, this calculation is
based on Regge theory and is not expected to be valid at large angles.

The question that this proposal addresses is what power law energy de-
pendence is exhibited at backward angles in the D(v, p)n reaction. Thus, we
propose to measure the differential cross section for the exclusive D{v,p)n
reaction for photon energies of 1.2, 1.6, 2.0, 2.4 and 3.2 GeV at center of mass
angles of 115°, 130° and 145°. Also, several forward angle cross sections will
be measured as a cross check on previous E89-012 data.

2 PHYSICS MOTIVATION

The traditional meson-exchange theory describes the D(7, p)n reaction rather
well below a photon energy of 800 MeV as shown in Fig. 1. The data[l, 11,
12, 13] are from experiments NE8, NE17 and CEBAF E89-012. The solid
curve is the calculation of Lee [14], the calculation of Laget [15] is not shown
as it is limited to lower energies.

Above a photon energy of 1 GeV the traditional meson-exchange model
deviates remarkably from the data. Moreover, the data appear to disagree



with the reduced nuclear amplitude calculation [5], given by the dashed curve
in Fig. 1. This is especially surprising since this analysis works [6] very well
for eléctron-deuteron elastic scattering above a momentum transfer of Q* =
—t = 2 (GeV/c)?, which is reached by the photodisintegration data at all
angles except 36°. More recent attempts to describe the data in terms of
an asymptotic meson exchange model [8] have led to a reasonable agreement
with the energy dependence at 90°, as shown by the dotted curve. The model
appears to have the correct angular distribution as well. This model agrees
with the 1/s" energy dependence observed in the data. Unfortunately, no
data exist at center of mass angles larger than 90°, where the asymptotic
meson exchange model predicts that the energy dependence should continue
to scale as 1/s'l.

The quark gluon string model {10], described above, is shown as the dot—
dash curve.

More recently, Radyushkin has also predicted the correct energy depen-
dence observed for the forward angle measurements in the D(vy, p)n reaction.
It is especially interesting in that he predicts that the angular distribution
should be symmetric about 8., = 90°. Such forward and backward peaking
is typical of, for example, high-energy meson-photoproduction reactions.

Existing angular distribution data are shown in Fig. 2. Only in SLAC
NE-8 at 1.6 GeV were data taken at angles larger than 90g,,. At this lower
energy, there is an indication of an increase in the large-angle cross sections,
but the data are insufficient for a conclusive characterization.

The central point is that it is essential to measure a complete angular
distribution for the D(7y, p)n reaction in order to provide data to better un-
derstand the photodisintegration process at high photon energies, as well as
provide a stringent test of the models. It now appears feasible to measure a
complete angular distribution with the Hall A spectrometers up to a photon
energy as high as 3.2 GeV.

3 PROPOSED MEASUREMENTS

We propose to measure the differential cross section for the exclusive D(vy, p)n
reaction for photon energies of 1.2, 1.6, 2.0, 2.4 and 3.2 GeV. We will measure
at center of mass angles of 115°, 130° and 145°. These angles are chosen to
be approximately symmetric about 90° with the existing forward-angle data
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Figure 1: Deuteron photodisintegration data from Jefferson Lab E89-12,
SLAC NE17, and SLAC NE8, as a function of the photon energy. Only
statistical uncertainties are shown. The curves are described in the text.
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4.3 TARGET

We plan to use the 15-cm Hall A liquid deuterium and hydrogen(2% r.1.)
cryotargets. The cryotargets have been operated at currents above 100 pA
with density fluctuations of only a few percent. At the requested 30 pA of
this experiment, density fluctuations are negligible. The luminosity is about
L =1.4x10% /cm?/s.

4.4 SPECTROMETER

We will use the Hall A HRS electron spectrometer with polarity reversed
for the parasitic measurements, and both spectrometers for the 3.2 GeV
measurements. Reversing polarity is a straightforward operation that should
take only a few hours. For the large angle data, the spectrometer momentum
range is 0.7 - 1.7 GeV/c and the angle range is 68 - 120°. The highest
singles rate in the spectrometer is less than 1 kHz, to be compared with data
acquisition capabilities of about 20% deadtime at 2 kHz (double this if the
two spectrometers are read out independently).

4.5 BACKGROUND

At forward angles, for this energy regime, previous experiments have shown
that real physics backgrounds are small, in agreement with simple kinematic
expectations. For these low momenta, background pion rejection is allowed
by a combination of an Aerogel Cerenkov detector and time-of-flight mea-
surements between scintillators.

The main difficulty in this experiment is background protons in the large
angle cross sections. At these angles, two-step processes involving scattering
off two nuclei in the target lead to backgrounds above the bremsstrahlung
endpoint. This phenomenon was both observed and simulated correctly dur-
ing SLAC experiment NE8. Similar measurements were attempted in Hall
C, but because of the background problem and the properties of the spec-
trometers, there are no good data above 1.6 GeV.

For these measurements in Hall A, we plan to use the y-target resolution
of the Hall A HRS spectrometers to help subtract out this background. The
technique is to divide the target into several regions of y-target. We plan to
~ take about 1000 photodisintegration events, so that each target cut will have



about one hundred photodisintegration events. The two-step background
should increase about linearly as one scans from upstream to downstream
y-target cuts. Since the photodisintegration cross section is the same for
each target bin - though the acceptance is different - one can extract from
the comparison of these bins both the two-step background and the photo-
disintegration cross section. Since the two-step background is roughly of the
same size as the photodisintegration events, subtraction of the background
roughly increases the statistical uncertainties to about 5%. Uncertainties in
acceptance in y-target will add an additional ~5% uncertainty in quadrature.
Our estimate of the uncertainties in this procedure will be further quantified
after analysis of recent y-target calibration data taken during E94-010.

4.6 SYSTEMATIC ERRORS

The main systematic uncertainties for this experiment are expected to be
similar to those found in the Hall C experiment E89-012. We start from a
consideration of recent work in Hall A. At this point, most cross sections
measurements performed in Hall A are coincidence measurements. An ex-
ample [7] is the ed coincidence measurements of experiment 91-026. These
measurements agree with previous SLAC data to a few percent; ep measure-
ments taken at the same time with spectrometer collimation agreed with
previous world data to about 0.3%, with overall systematic uncertainties of
about 5%.

As compared with these data, our experiment is easier in some respects.
One example is target boiling effects, the uncertainties of which are reduced
by our smaller beam current, of 30 vs. 100 nA. Another example is uncertain-
ties related to the beam energy, which has only been known to ~ 10~3. Both
beam energy measurement systems in Hall A, using a specialized ep measure-
ment system and an arc energy measurement system, are now operational
and should be able to determine beam energy to better than an MeV. Re-
cent measurments with these devices, as well as “spin-dance” measurements,
appear to indicate that the accelerator is typically lower in energy than the
nominal setting by about 1073; further studies of the absolute energy of the
accelerator are in progress.

The uncertainty is increased by two major factors, the background sub-
traction which has been described above, and the calculation of real photon
flux, which is good to =3%.[16, 17] The bremsstrahlung photon energy is
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reconstructed from the measured momentum and scattering angle of the fi-
nal state proton. The bremsstrahlung photon flux is calculated using the
procedure developed by Matthews and Owens.

5 BEAM REQUEST

Table 1: Kinematics and Rates

E, Ora Dp do /dQ Rate  time
(GeV) (deg) (GeV/c) (pb/sr) (k/hr) (hours)
0, = 115°

1.2 84.1 0.94 14500 99. (1)

1.6 796 110 3100 6. (1)

20 759 126 800 33 (1)

24  72.8 140 250 0.9  (2)

3.2 67.7 1.68 33 0.1 22
Gc.m. = 130°

1.2 100.7 0.80 11000 73. (1)

1.6 960  0.92 2200 1. (1)

2.0 92.1 1.03 550 2.2 (1)

2.4 88.8 1.13 160 0.5 (4)

3.2 83.3 1.32 21 <0.1 36
gc.m. = 145°

1.2 1203 0.68 7600 60. (1)

1.6 115.9 0.76 1500 8.2 (1)

20 1121 083 350 15 (1)

24 1088  0.90 100 04 (5)

3.2 103.3 1.01 12 <0.1 64

Data Time (days)  2.67
checkout(days)  0.33
Total (days) 3

Count rates have been calculated based on the following assumptions.
The cross sections for D(+y, p)n reaction are extrapolated from the low energy
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SLAC data using the 1/s!! scaling law. We assume a 15-cm target length
which corresponds to a 2.2 gm/cm? target and a 30 pA electron beam. The
bremsstrahlung photon flux is calculated for a thick {6%) copper radiator. A
solid angle of 4.0 msr was assumed for the HRS spectrometer in calculating
the rates; this is approximately the correct average for a target covering the
full y-target acceptance of the spectrometer.

An overall detection efficiency of 80% is assumed for the rate estimates.
The inefficiency results from inefficiencies in the spectrometer detectors, com-
puter deadtime, and proton attenuation. The Hall A data acquisition system
runs at 2 kHz with ~20% deadtime; using two independent DAQ systems
for the two spectrometers allows each to be run at this rate and deadtime.
Singles rates for this experiment are well below 1 kHz at the lowest beam
energy, and decrease with energy.

The rate and beam time estimates for the large-angle data are given in
Table 1. The lower energies, for which the times are marked by the paren-
theses, can be measured parasitically during E89-019, and do not require any
new beam time. These times are, for each angle, of order a tenth as long as
the time needed for the polarization measurement of K89-019. Since the time
needed for this experiment is significantly shorter, and the two spectrometers
can be operated essentially independently, we do not believe these parasitic
measurements will have any significant impact on E89-019. The overhead
time for changing spectrometer angle plus momentum is about 1 hour, and
does not add significantly to the time needed. Not shown in the table are the
angles at which cross checks will be made, 36° and 90°, and the additional
two angles of 52° and 69° that will be measured only at 2.0 GeV.

Dedicated time is requested only for the 3.2 GeV measurements. For
these data, we will measure the two forward angles with one spectrometer,
and the largest angle with the second spectrometer, to minimize the beam
time. The time given is sufficient to obtain roughly 1000 photodisintegration
events both with and without the radiator, to enable an explicit subtraction
of electrodisintegration events, and to enable the y-target dependence of the
two-step background to be analyzed. An additional shift of beam time is
requested for checkout, beam energy measurement, and current calibrations,
as we anticipate that the 3.2 GeV measurements will run separately. No
overhead is needed for spectrometer changes, since the largest angle setting
takes several hours more than the two smaller angles combined. The total
requested beam time with overhead, but without contingency for the facility

11



operation is 3 days.

6 COLLABORATION BACKGROUND AND
RESPONSIBILITIES

This experiment requires the Hall A cryotarget, both HRS spectrometers and
the bremsstrahlung radiator in Hall A. Many members of the current collab-
oration were involved in the SLAC deuteron photodisintegration experiments
NE8, NE17, and the Jefferson Laboratory E89-012 experiment. Also, this
collaboration has strong overlap with E89-019, during which the parasitic
measurements are requested. The collaboration would provide the necessary
personnel for operating the experiment and analyzing the data.

7 RELATED EXPERIMENTS

This proposal is similar to other D(v,p)n cross section measurements, as
indicated in the proposal above. There is also some overlap with Hall B
E93-017, which proposes measurement of angular distributions for photon
energies from 0.8 to 1.5 GeV. Our 1.2 GeV measurements are intended to
overlap these cross sections, as well as the 114° and 143° data of SLAC NES,
as a check on our two-step background rejection.
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