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abstract * *

Measurements of the tensor analyzing power T20 are in progress at the 2-GeV elec-
tron storage ring (VEPP-3) in Novosibirsk. Preliminary results from the second
phase of this experiment will be presented along with a discussion of the theoret-
ical implications of the existing data. Measurements of the "fd —> pn reaction at
photon energies above « 1 GeV were performed at SLAC during experiments NE8
and NE17. The results for experiment NE8 are final while those for NE17 are pre-
liminary. The results appear to be consistent with the constituent scaling law near

f=90°, but inconsistent with the rule at a forward angle.

1. Introduction

Electron scattering and photodisintegration studies of the few-body systems will
provide the most stringent constraints on our understanding of nuclear dynamics. For
example, the monopole form factors of the two and three-body nuclei are very sen-
sitive to the isoscalar meson exchange currents1. In addition, two-body break-up of
the deuteron at high energy is believed to be mediated by a meson-exchange process
so that both nucleons share the photon energy. Although competing models inspired
by perturbative QCD have been applied to these simple systems, there is no evidence
that electron-deuteron scattering below a momentum transfer of 1 (GeV/c)2 is de-
scribed by such a model. However, it appears that both meson- nucleon models as well
as constituent counting rules can explain the high energy deteron photodisintegration
data near 0CM=9O°- This may not be inconsistent with the electron scattering data,
since the momentum transfer to a nucleon (or quark) in the deuteron photodisinte-
gration process at £ 7 = 2 GeV, say, would be equivalent to a momentum transfer of
8 (GeV/c)2 in electron-deuteron scattering2. Thus, asymptotic scaling may be visible
in two-body photodisintegration measurements in the GeV region, but not observed
in existing electron scattering data.

2. Electron-Deuteron Elastic Scattering

A long-standing issue in nuclear physics is the isolation of the charge and quadrupole
form factors for the deuteron from electron scattering measurements. Unfortunately,
a measurement of the differential cross section, alone, does not permit the isolation



of the electric form factors of the deuteron. The differential cross section is given by
the expression

^ = <rM[A{Q2) + B(Q2)tan2(8/2)} (1)

where <rw is the Mott cross section, 6 is the electron scattering angle and Q is the
four-momentum transfer. A(Q2) depends on the monopole, quadrupole and magnetic
form factors; while B(Q2) depends only on the magnetic form factor of the deuteron.
Thus, an additional measurement of a quantity involving polarization is necessary to
unravel the charge and quadrupole form factors of the deuteron.

A measurement of the tensor analyzing power provides the most sensitivity to the
charge and quadrupole form factors of the deuteron. The tensor analyzing power T20
is given3 by

T20 = -V2[X(X + 2) + r/2]/[l + 2{X2 + Y)] (2)

where
X = lr,(GQ/Gc), Y = \r,{GM/GcY[l + 2(1 + V)tan2(0/2)] (3)

Thus, T2o depends sensitively on the ratio of the quadrupole to the charge form factor.

Fig. 1. Tensor polarization or analyzing power v. Q2 for electron deuteron elastic scattering.



A summary of tensor polarization or analyzing power measurements is given in
Figure 1. The two data points at the lowest momentum transfer were measured4'5

using an internal polarized gas jet target at the VEPP-2 electron storage ring at
Novosibirsk, while the data near 2 fm~l were taken6 with a polarimeter at the MIT-
Bates Laboratory. The data near Q = 2.5 and 3 fm - 1 were measured7 using a
polarized target in a storage cell at the VEPP-3 electron storage ring, while the three
data points at the highest measured Q2 were recorded8 with a polarimeter at the
MIT-Bates Laboratory.

A preliminary datum from the phase 2 experiment at Novosibirsk is also shown in
the figure. The Phase 2 experiment at Novosibirsk made use of a polarized internal
deuterium target in the VEPP-3 electron storage ring. The target thickness9'10 was
4xl0l2cm~2 and polarization pzz — —0.59 ± 0.14. The target consisted of an active
storage cell which was fed by an atomic beam source11. Thus far, we performed
two measurements. The datum shown in Figure 1 was taken during the first of two
measurements. The data from the second measurement is not presently analyzed. A
third measurement is being planned for the Fall of 1993. We expect a substantial
reduction in the error bar when all data are analyzed. In addition, we plan to install
the final stage of this experiment at Novosibirsk during the summer of 1994. In this
case the laser-driven target12 developed at Argonne will be installed in the VEPP-3
ring. Here, we would expect an improvement in the figure of merit of at least an order
of magnitude.

Fig. 2. Left panel: Deduced charge form factor of the deuteron8. The curves are from ref. 13.
Right panel: Deduced isoscalar charge form factor for the bound three body system16. The cross
hatched area represents the data. The curves are from ref. 17.



The data tend to agree best with nonrelativistic13 and relativistic14'15 impulse cal-
culations. The inclusion of the isoscalar meson exchange current worsens the agree-
ment significantly13. The isoscalar meson exchange current has the effect of shifting
the first zero in the charge form factor to a lower value of momentum transfer as
shown in Figure 2. The MIT-Bates data give a value of 4.40 ± 0.15 fm~x for the
first zero in the charge form factor; whereas the prediction of Schiavilla and Riska13

gives a value of 4.0 fm~l when the meson exchange current is included.

This disagreement is especially surprising since inclusion of the isoscalar meson
exchange currents are necessary to explain the isoscalar three-body form factor16 as
indicated in Figure 2. The isoscalar three-body form factor is formed as the isoscalar
sum of the charge form factors for 3He and 3H. The calculation17 for the three-
body system make use of the same two-body input, the Argonne V14 potential, and
the same isoscalar meson exchange current as the calculation for the deuteron. The
failure of the calculations to simultaneously describe the charge form factor for the
deuteron and the isoscalar three-body form factor points to a missing component in
the theory, such as three-body currents, or to a problem with the data. Since the
zero in the charge form factor of the deuteron is determined by only two data points,
the T2o data should be checked.

3. Two-Body Photo disintegration of the Deuteron

Measurements of two-body photodisintegration of the deuteron were extended into
the GeV region in order to test the conventional meson exchange models as well as
the QCD-based models. Y. Kang et al18 and T.-S. H. Lee19 have performed meson
exchange calculations for the fd—*pn reaction. In addition, both the constituent
counting rules20'21'22 and the reduced nuclear amplitude analysis23 may apply to this
exclusive process.

Although meson-exchange models19'24 l2S describe the data rather well below a pho-
ton energy of 1 GeV, the extension of these models to higher energies is problematic
because of the large number of nucleon resonances. A good example of the problem
was illustrated by Lee19. Below 800 MeV, the calculation gives a reasonable descrip-
tion of the data, but above 1 GeV, the calculation disagrees with both the energy and
angular dependence. Kang et al18 provided a good description of the differential cross
section between 0.5 and 1.6 GeV at 8CM = 90°, only after including all the known
nucleon resonances with J < 5/2 and a novel irNN form factor.

Above a photon energy of 2 GeF, the results are especially interesting since ex-
clusive photoreactions for the proton appear to scale according to the constituent
counting rules22. While these rules appear to work for the proton and for nucleon-
nucleon scattering, there is no conclusive information available for processes involving



nuclei. The constituent counting rules20'21 predict that the differential cross section
dcr/dt should "scale" with energy like l/sn~2 where s is the square of the center-of-
mass energy and n is the total number of pointlike constituents involved in both the
initial and final states of the reaction. For the -yd —> pn reaction, we expect that when
scaling is achieved the cross section will have the form:

da _ f(6CM)
it ~ a11 W

where the function /(OCM) has not been estimated for this process.

In addition, the reduced nuclear amplitude analysis has only been tested in electron-
deuteron elastic scattering. A different pQCD formulation23, specific to jd —»pn, is
based on a successful description of elastic ed scattering26. This model should de-
scribe the data at relatively low energies by using the empirical proton and neutron
form factors to remove higher order contributions. In this case, one has

k F{i)F{t)/{Q) (5)

where the Fjv(f) are the nucleon form factors. The "reduced nuclear amplitude"
f2{0CAt)1S difficult to calculate23. This formulation is expected27 to represent the low
energy data better than constituent counting since the soft components are removed
by dividing out the nucleon form factors.

4. Results for the ~/d -* pn Reaction

Until recently, the highest energy data28'29'30 for the fd —> pn reaction existed
only for photon energies below 1 GeV. Since then, two experiments at SLAC have
extended the data up to «4 GeV. Experiment NE8 provided results31-32 up to 1.8 GeV
at $CM — 90° and predominantly backward angles. Experiment NE17 recorded33

data at 6CM — 90° and forward angles. The data analysis for experiment NE17 is in
progress and only preliminary results will be presented here.

The Nuclear Physics Injector at SLAC was employed to perform both experiments
NE8 and NE17. The electron beam from SLAC in the energy range 0.8 to 1.8 GeV for
experiment NE8, and 1.6 to 4.2 GeV for NE17, was directed onto a Cu radiator (4 or
6% radiation length). The bremsstrahlung photons from this process then irradiated
a 15-cm long liquid deuterium target. The photoprotons from the -yd —» pn reaction
were analyzed and detected in the 1.6-GeV spectrometer in experiment NE8 and
the 8-GeV spectrometer in experiment NE17. The acceptances of the spectrometers
were calibrated with respect to the well-known electron-proton elastic scattering cross
section.



Only the highest energy photoprotons in the spectometer were considered in the
analysis so that protons produced in other reaction processes involving a pion in the
final state, say, were eliminated. This procedure ensured that only the two-nucleon de-
cay was observed. Furthermore, the top 25 MeV below the bremmstrahlung endpoint
was not analyzed because of the large uncertainty in the shape of the bremsstrahlung
spectrum near the endpoint. Backgrounds from the target windows were subtracted
by taking data with an identical target cell containing liquid hydrogen.

The final results for experiment NE8 and preliminary results for experiment NE17
at &CM — 90° are shown in Figure 3. Although the calculation of Lee19 diverges
markedly from the data, the calculation of Kang et al18 is in good agreement up to
1.6 GeV. (It is somewhat surprising that this calculation18 disagrees the most near the
A resonance region.) The meson-exchange calculation of Nagoryi et al3 4 makes use of
an asymptotic dNN vertex37 and gives a good description of the energy dependence.
Unfortunately, this calculation is arbitrarily normalized to the data at 1 GeV and an
absolute normalization is not presently available.

Fig. 3. Cross section da/dQ v. Ey at BcM — 90° for fd —> pn. The NE17 data are preliminary.

To better determine whether the present data scale, that is follow the energy
dependence given by either Eq.(4) or Eq.(5), the quantities suda/dt and the reduced
nuclear amplitude, f2(6cM) are plotted in Fig.(4). Horizontal lines normalized to
the data at 1.6 GeV for Eq.(4) and 1.0 GeV for Eq.(5) were drawn to guide the eye.
It appears that the results are in somewhat better agreement with the constituent
scaling rules that with the reduced nuclear amplitude analysis.

The preliminary results at forward angle, 0CM=37° , obey neither the constituent
counting rules nor the reduced nuclear amplitude analysis. The cross section at
#CA/=37°falls off more gradually in energy than the constituent counting rules. The



power law fall-off is approximately I/a9 indicating that two quarks are "missing"
within the framework of constituent counting. Thus, perturbative QCD based models
fail to explain the forward angle data for the fd —> pn reaction.

Fig. 4. Comparisons otfd —> pn at &CM = 90° with the constituent scaling rules and the reduced
nuclear amplitude analysis. The NE17 data given by the open circles are preliminary.

An explanation for this failure may reside in the relatively low value of p\ at
0CM=37° compared with that at 8CM — 90°. The value of p\ is at a maximum at
QCM — 90° and varies between 1 and 1.5 (GeV/c)2 for E-, = 1.6 to 2.8 GeV. However,
the value of p\ < 1 (GeV/c)2 for JE7 < 3 GeV. Thus, the transverse momentum at
0CA/=37°may be too small to apply perturbative QCD models.

At CEBAF a larger value of transverse momentum can be readily attained at
&CM= 37°. An approved experiment 38 at CEBAF will measure the cross section at
$CM=37°ior p\>l {GeVjcf. Also, a test of the QCD models will be performed by
measuring the cross section for the 'yd —> dir° reaction as a function of photon energy.
According to the constituent counting rules the energy dependence for this reaction
should fall as I/a13. Finally, one can also measure: 39 the photoproton polarization
in the fd —> pn reaction. Here, the photoproton polarization should vanish in the
perturbative QCD limit since there are no Landsoff terms.

5. Summary

Although the tensor polarization data for electron-deuteron elastic scattering rule
out perturbative QCD models for Q2 < 1 (GeV/c)2, there remains an dilemma be-
tween the meson exchange model for the two and three-body systems. Calculations
which explicitly include the isoscalar meson exchange currents are in disagreement
with the deduced charge form factor for the deuteron and in agreement with the
three-body isoscalar charge form factor; whereas calculations which effectively omit



the pair current agree with the deuteron charge form factor and disagree with the
three-body form factors. More tensor polarization or analyzing power data are nec-
essary as a check of this apparent inconsistency. During the next three years, these
data will be available from Novosibirsk. In addition, an experiment, which makes use
of a polarimeter, is planned40 at CEBAF.

The most striking feature of the *yd —> pn data are the agreement with the con-
situent counting rules at 8CM = 90° and marked disagreement at 9CM=37°. The
question of whether one has observed scaling in a nuclear reaction is thus unclear. It
is essential to record data at 0CM=37° for the same values of p\ as those at 0CM = 90°.
Also, the only other nuclear reaction that is experimentally feasible is the fd —> dir°
reaction which should fall as 1/s13 if the constituent scaling rules hold. These exper-
iments are expected to begin at CEBAF next year.
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