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Abstract

The cress section for the d(y,p)n reaction was measured up to a
photon energy of 4.0 GeV at the Thomas Jefferson National Accelerator
Facility (TINAF, formerly CEBAF). The cross section at a photoproton
center-of-mass angle of 90° exhibits a scaling behavior consistent with
the constituent counting rule in the photon energy range from 1 to 4
GeV. The results at a proton center-of-mass angle of 37° are suggestive
but inconclusive about the onset of the same scaling behavior at photon
energies above 3.0 GeV,

We propose to extend the forward angle differential cross section
measurements for the exclusive d(v,p)n reaction up to a photon energy
of 5.5 GeV. This work will provide the first data for this reaction above
4 GeV, and permit a test of a threshold effect in the observed scaling at
angles smaller than 90°. The proposed experiment must be performed
in Hall C because of the need for the HMS, a spectrometer which can
exceed a momentum of 4 GeV/c. This experiment is compatible with
the t30 apparatus and could run during breaks in the £i9 schedule.

1 INTRODUCTION

One of the interesting questions in nuclear physics is whether nuclear reactions
exhibit any quark effects at high energies. Traditionally, quarks in particle
physics have manifested themselves as a rather abrupt change in the momen-
tum transfer dependence of the cross section, eg. Bjorken scaling. A possible
method to search for a scale change in photonuclear reactions is to search for
such a change in the cross section as a function of the incident photon energy.

Deuteron photo-disintegration at high energies is an excellent process for
addressing the question of whether the onset of quark effects can be observed in
nuclear reactions because the photon is a relatively well understood probe and
because the deuteron is the best understood nucleus theoretically. In addition,
a relatively large momentum transfer ! to the constituents can be obtained in
exclusive photonuclear reactions at photon energies of a few GeV, because the
absorbed photon delivers all of its energy to the constituents.

Interestingly, high energy exclusive photoreactions from the nucleon ? as
well as other reactions involving the nucleon ® have exhibited an energy de-
pendence consistent with the constituent counting rule. Although the quark
counting rule behavior has been observed in the exclusive reactions, the un-
derlying reaction mechanism governing the onset of scaling behavior is not
understood.

The question that this proposal addresses is whether a nuclear reaction
adheres to the quark counting rules or exhibits some scaling feature at high
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energies. In particular, we propose to measure the differential cross section for
the exclusive d(vy, p)n reaction for photon energies of 4.0, 4.4, and 5.0 GeV at
center of mass angles of 37° and 53°. Further, we propose to measure the cross
section at 37° at 5.5 GeV. The 4.4, 5.0 and 5.5 GeV data will be completely
new and the 4 GeV data will provide a cross check with the previous E89-012
data.

2 PHYSICS MOTIVATION

The traditional meson-exchange theory describes the vyd — pn rather well
below a photon energy of 800 MeV as shown in Fig. 1. The data"5%7 from
experiments NE§, NE17 and CEBAF E89-012 are summarized at 6., = 90°
in Fig. 1. Here, the sclid curve is the calculation of Led and the short dashed
curve is from Laget’. However, 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'?, given by
the long dashed curve, in Fig. 1. This is especially surprising since this analysis
works'? very well for electron-deuteron elastic scattering above a momentum
transfer of 1 (GeV/c)?. More recent attempts to describe the data in terms of
an asymptotic meson exchange model'® have led to a reasonable agreement with
the energy dependence at 90°, although this model is arbitrarily normalized to
the data at 1 GeV.
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Figure 1: The preliminary TINAF data together with the existing date as a function of
the photon energy at fe.m. = 90°. The solid circles are the TINAF data with statistical
uncertainties only. The curves are described in the text.

3



Exclusive scattering processes at high energy and large transverse momen-
tum, can be described by the quark counting rule 131415, This rule predicts
the following scaling law for the differential cross section:

(do/dt)aBscp ~ 827" f(cosh*) (1)

Here n is the total number of elementary fields, 8* is the center of mass
angle, and ¢ and s are the Mandelstam variables. For the vd — p n, the total
number of elementary fields are 13. So the quark counting rule gives:

(do‘/dt)AB_,cp A~ s“”f(cosﬂ‘) (2)

The recent results from TINAF at 0., = 90° are consistent with this
scaling behavior. (See Fig. 1.) The TINAF results are shown as the closed
circles in the figure. The results are in excellent agreement with the SLAC
experiments below 3 GeV and continue to show the 1/s!! behavior up to the
maximum energy of experiment E89-012, 4 GeV,
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Figure 2: The preliminary TINAF dats together with the SLAC NE17 data as a function
of the photon energy at ... = 37°. The solid circles are the TINAF data with statistical
uncertainties only.

On the other hand, there is no clear evidence for the same scaling behavior
at #.m = 37° as shown in Fig. 2. The data are in excellent agreement with
the SLAC data below 3 GeV, but do not exhibit a 1/s*! scaling behavior. One
reason might be that there is a threshold effect in the transverse momentum.

4



In that case, one would not expect to see the scaling below a photon energy of
3 GeV. The existing data between 3 and 4 GeV would not be sufficient to show
up such a threshold effect. Data over a larger “lever arm” would be necessary
to show up such a scaling behavior.

Another issue is whether the scaling effect seen at 90° for the vd = pn
reaction is independent of the c.m. reaction angle. There is some indication
that the scaling should be independent over a large range of reaction angles.
For example, data? for the yp — 7% n show that the cross section follows the
quark counting rule prediction above a photon beam energy of 3.0 GeV and
the scaling behavior does not depend on the measured reaction angles.

3 PROPOSED MEASUREMENTS

We propose to measure the differential cross section for the exclusive d(v, p)n
reaction for photon energies of 4.0, 4.4, and 5 GeV at center of mass angles of
37° and 53°. Also, the cross section at 5.5 GeV will be measured at 37°. The
measurement at 4 GeV will provide a cross check with previous data.

4 EXPERIMENT

4.1 OVERVIEW

The experiment will employ the Hall C cryogenic liquid deuterium/hydrogen
targets and the Bremsstrahlung photon beam produced by the electron beam
striking the Hall C radiator. The maximum energy of the Bremsstrahlung
beam is essentially equal to the electron kinetic energy. The target, located
downstream of the radiator, is irradiated by the photons and the primary
electron beam. The kinematics are chosen for the exclusive d(v, p)n reaction.
The photo-produced protons will be detected in the Hall C HMS spectrometer.

4.2 RADIATOR

The radiator is Cu with a 6% radiation length. The Cu will be placed approx-
imately 1.2 m upstream of the target so that the spectrometer does not view
it directly at the smallest scattering angle. Energy loss in the Cu is about 75
watts for a beam current of 30uA. The radiator assembly will be the same as
that used for Experiment E89-012.



4.8 TARGET

We plan to use the Hall C liquid deuterium and hydrogen(2% r.l.) cryotargets.
The design heat load for Hall C cryotarget is up to 0.5 kW, much greater than
the 144 W load for this experiment. For a 12 cm long target cell, at an incident
electron beam current of 30 uA, the luminosity is £ = 1.1 x 10*® /cm?/s
for liquid deuterium at 20 K and operating pressure of 2 atm. The density
fluctuations were found to be negligible operating at these beam currents.

4.4 SPECTROMETER

We will use the Hall C HMS spectrometer in its standard configuration. The
highest momentum setting required for the spectrometer is 5.6 GeV/c and
the most forward angle is 14.0°. The highest singles rate in the spectrometer
is less than 1 kHz. As in experiment E89-012, the gas Cerenkov detector
will be loaded with an atmosphere of CyFip so that the relatively small pion
contamination can be elimicated above 2.5 GeV/c.

4.5 BACKGROUND

The dominant background process from this experiment is believed to be due
to two-step processes which produce protons which appear to have nearly the
same momentum as the photoprotons from deuterium. In this process, parti-
cles produced in the target scatter in the spectrometer magnet and show up
in the high momentum side of the detector. This background is most severe
at the highest energies and forward angles. Thus, the worst case is expected
to occur at 5.5 GeV and an angle of 37°. Based on experience from E89-012,
we expect the background to be approximately 40% of the signal in this worst
case. This background was taken into account in estimating the beam time re-
quest. Measurements of the shape of the background will be made by running
the LH2 target.

4.6 SYSTEMATIC ERRORS

The main systematic uncertainties for this experiment are expected to be simi-
lar to those found in E89-012. The main sources of systematic error for E89-012
are given in Table 1 for the HMS data at 4 GeV in the first column. The esti-
mated systematic errors for the 5 pass runs in the right column are based on
the E89-012 experience.

One of the important systematic error comes from the uncertainty in the
spectrometer acceptance. Presently, the HMS acceptance for a 15 cm target is
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known to 5%. This acceptance is likely to be better known next year, but it is
not the limiting uncertainty.

Table 1: Major contributions to the overall systematic uncertainty for experiment E89-012
given in relative percentage of the quantity, #11 % for the d(+, p)n reaction.

sources 4.pass 5-pass
actual(E89-012) projected
4.045 GeV

acceptance 5.0% 5.0%
proton absorption 1.0 1.0
background subtraction 8.0 10.0
beam current 2.0 1.0
beam energy 0.8 1.0
photon flux 3.0 3.0
tracking 3.0 3.0
target thickness 3.0 - 3.0
particle id. 1.0 ‘ 1.0
Total 11.1 12.1

The bremsstrahlung photon energy is reconstructed from the measured
momentum and scattering angle of the final state proton. The bremsstrahlung
photon flux can be calculated from the reconstructed photon energy using
the procedure developed by Matthews and Owens. The uncertainty 1617 in
calculating the bremsstrahlung flux is on the order of 3%.

We plan to run at an electron beam energy of 30 wA. The uncertainty
in the electron beam current should be 1%. The main uncertainty in target
thickness is due to cuts placed on the target to eliminate background from the
windows, which give a target thickness uncertainty of 3% in the worst case.
The main uncertainty of background subtraction should be of order 10% in the
worst case based on previous studies of the background for E89-012,

5 BEAM REQUEST

Count rates have been calculated based on the following assumptions. The
cross sections for d(-y,p)n reaction are exirapolated from the 4 GeV data
from E89-012 using the 1/s'! scaling law. We assume a 12-cm target length
which corresponds to a 2.0 (gm/cm?) target and a 30uA electron beam. The
bremsstrahlung photon flux is calculated for a thick (6%) copper radiator. A
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solid angle of 6.0 msr was assumed for the HMS spectrometer in calculating
the rates. A tracking efficiency of §5%, a proton attenuation factor of 0.9, and
a computer dead time of 20% were assumed in estimating the counting rates.
The aim is for an overall statistical accuracy of 10% except at 5 GeV and 53°
where the goal is 15%.

Table 2: Kinematics and Rates

[ Blab Pp do/d{l; Rate (in) Rate {out) time
(deg) (deg) (GeV/c) (pb/sr) (min~!) (min~1) (days)
E,= 4.0GeV

37 15.8 4.27 210 8.1 24 0.4

53 23.3 3.01 56 2.2 0.7 1.2

70 32.1 3.43 32 1.2 0.4 1.8
E,= 44GeV

37 15.3 4.64 106 3.6 1.2 0.9

53 22.5 4.24 28 1.0 0.3 2.6
Ey,= 5.0GeV

37 14.6 5.18 41 1.3 0.4 2.6

53 21.5 4.72 11 0.3 0.1 3.3
E,= 55GeV

37 14.0 5.64 20 0.6 0.2 2.6

Data Time 15.4
Overhead 0.9

checkout 0.3
Energy meas. 0.3
Total 16.9

The rate and beam time estimates are given in Table 2. The rates (in/out)
refer to the proton rates with the radiator in/out. In addition to the 15.4 days
of beam time necessary for the measurements, there is an additional 9 hours for
target, radiator changes, 12 hours for energy changes, an additional 8 hours for
the beam energy measurement, and 8 hours for checkout at 3 GeV. The total
requested beam time with overhead, but without contingency for the facility
operation is 16.9 days.



6 COLLABORATION BACKGROUND AND RESPONSIBILITIES

This experiment requires the Hall C cryotarget, HMS and bremsstrahlung ra-
diator which have already been commissioned in Hall C. Many members of the
current collaboration were involved in the SLAC deuteron photodisintegration
experiments NE8, NE17, and the Jefferson Laboratory E89-012 experiment
which includes cornmissioning of the Hall C equipment, particularly the cry-
otarget. The collaboration would provide the necessary personnel for operating
the experiment and analyzing the data.
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