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First Measurement of the Reaction *He (¥, p ) X with Polarized Photons
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The first measurement of: the reaction *He(¥,p) X using linearly polarized photons is reported. Cross
sections and beam-polarization asymmetries for 9/** =60°-100° and E,=195-304 MeV are compared
with a microscopic calculation which includes one-, two-, and three-nucleon absorption mechanisms.
One- and two-nucleon absorption alone fails to describe the data at low proton momenta. The inclusion
of three-nucleon absorption significantly improves the comparison with the measured cross sections.
However, some features of the asymmetry distributions are not explained.

PACS numbers: 25.20.—x, 24.70.+s, 25.10.+s

Intermediate energy photons are an excellent probe of
mesonic and nucleonic currents in nuclear reactions.
Photons easily couple to the low mass mesons and
baryons but without the significant distortions experi-
enced by hadronic probes. The dominant channels for
photon absorption at a few hundred MeV are quasifree
pion production, and absorption on a correlated p-n pair
(quasideuteron). The latter reaction results in a distinc-
tive peak at high momentum in the inclusive proton spec-
trum from 3He [1] and other light nuclei [2-5].

The study of photon absorption on 3He allows one to
examine specific mechanisms on a microscopic level since
realistic nuclear wave functions exist [6] and final state
interactions can be explicitly treated in a multiple scatter-
ing approach [7,8]. Recent measurements suggest that
three-nucleon mechanisms play a significant role in pho-
ton [9-11] and pion [12-18] absorption on He. The
function of these multinucleon mechanisms has not been
fully established for the inclusive reaction *He(y,p)X.

Polarization observables offer a more stringent test of
theory than the differential cross sections alone, although
they have seldom been measured in photonuclear reac-
tions. The only previous measurements [19,20] using po-
larized photons on *He were for the two-body breakup re-
action *He(7,p)d. The present experiment is the first to
measure the reaction 3He(%,p) X with polarized photons.
It covered a broad range of kinematics including regions
where three-nucleon absorption mechanisms are expected
to dominate [21].

The experiment was performed at the Laser Electron
Gamma Source (LEGS) located at the National Syn-

chrotron Light Source at Brookhaven National Laborato-
ry. The photon beam was produced by backscattering
linearly polarized ultraviolet laser light from a 2.5 GeV
electron beam. The struck electrons were momentum an-
alyzed in a tagging spectrometer which determined the
associated photon energy with a resolution of about 5
MeV (FWHM). Details of the LEGS facility can be
found in Ref. [22). The photon energy spectrum was ap-
proximately flat, extending from 195 MeV up to the
Compton edge at 304 MeV. The y-ray polarization,
which ranged from 73% at 200 MeV to 99% at 304 MeV,
was calculated from the measured laser polarization. The
polarization was flipped randomly between states parallel
(I1) and perpendicular (L) to the y-proton reaction plane,
in order to reduce the systematic uncertainty. The liquid
3He target was cylindrical with a length of 10 cm along
the beam direction, and a S cm diameter. The target cell
was made by electroforming Ni to a thickness of 0.01 cm.
Electron-positron pair production counters were used to
monitor the photon flux downstream of the target. Pro-
tons were detected in 24 CaF,/plastic scintillator tele-
scopes arranged in eight groups of three with 20° < g2
=< 160°. These detectors consisted of a thin (0.1-0.2
cm) CaF,, AE detector, coupled to a thick (30-50 cm)
plastic, E detector. Particle identification was accom-
plished with cuts on the correlated AE and E signals.
The resulting proton energy resolution was typically 6%
(FWHM).

We present the results at selected angles which show
the salient features of the data. The complete data set
will be published in a forthcoming paper. The unpolar-
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FIG. 1. Cross section at 6,=80° for three E, cuts. The

dash-dotted curve includes IN +2N absorption, the dashed
curve is the sum of IN+2N +3N, and the solid curve is the
sum of the dashed curve plus p-d breakup of *He. The solid
and dashed curves are indistinguishable over most of the
momentum range.

ized differential cross section measured at 80° is shown in
Fig. 1 for three photon energy cuts which span the full
range of the measurement. The error bars shown are sta-
tistical only. The systematic error is estimated to be
=+ 5%, with the major contributions coming from the un-
certainties in the 7 flux and detector solid angle. Figure 2
shows the beam polarization asymmetry data for E,
=270-304 MeV, at 60, 80, and 100 degrees. Here the
asymmetry is defined as £ =(do,—do)/(doy+do.).

It is useful to describe the data in terms of three re-
gions. The prominent peak in the cross section at high
momentum is primarily due to absorption on a correlated
pn pair. This peak also contains a small contribution
from the two-body breakup channel, *He(7,p)d, which is
not resolved from the three-nucleon final state. The rise
in the cross section at low momentum which can be seen
at photon energies E,=235-304 MeV is consistent with
what one expects from quasifree # production, where the
recoiling proton is detected. In Fig. 1 the low momentum
side of the quasifree peak is cut off by the detector
threshold, which limits the measured spectrum to P,
=270 MeV/c. The third region lies between the
quasideuteron and z production regions. This is the best
place to observe the effect of the three-nucleon absorption
mechanisms. These mechanisms have been predicted to
dominate the breakup reaction below the quasideuteron
peak [21].

The present data are compared with the results of a
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FIG. 2. Photon asymmetry, X=(doy—do.)/(doy+do.),
for £,=270-304 MeV at (a) 60°, (b) 80°, and (c) 100°. The
dash-dotted curve includes | N +2N absorption and the solid
curve is the result when 1N +2N + 3N amplitudes are added
together.

microscopic calculation which includes the meson ex-
change mechanisms depicted in Fig. 3. Nucleon-nucleon
final state interactions (not shown in the diagrams) were
included by parametrizing the off-shell amplitudes in
terms of the half-off-shell solutions of the two body
scattering equation for the Reid potential. Partial waves
up to L =2 were included. The bound state *He wave
function is a solution of the Faddeev equations for the
Reid potential. It should be noted that since the N-N
final state interactions are treated perturbatively (as a
truncated scattering series), the final state wave functions
are not eigenstates of the three-nucleon Hamiltonian
from which the ground state is derived. Details of the
calculation have been reported previously [7,23]. The
dash-dotted curve in Fig. 1 is the result of the calculation
including the one- and two-nucleon (1N +2N) absorption
diagrams, Figs. 3(a) and 3(b). The dashed curve shows
the result when the three-nucleon (3N) absorption dia-
grams [Fig. 3(c)] are included. The 3N amplitudes are
maximized when the photoproduced pion is on-shell and
is subsequently absorbed by a T=0, n-p pair. The full
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FIG. 3. Diagrams that are included in the calculation. (a) is
IN absorption, (b) is 2NV absorption, and (c) is 3V absorption
by pion rescattering.

curve contains the additional contribution of the two-
body breakup reaction, which is not resolved from three-
body breakup in the present data. This contribution can
be seen at the highest momenta as the difference between
the dashed and solid curves. It was empirically added by
fitting the angular distribution measurements of Gassen
et al. [24] for y3He— pd and folding with the experi-
mental resolution. The data in Ref. [24] were scaled by a
factor of 1.39 to bring them into agreement with the
measurement of Sober et al. [25] and with the data from
the inverse reaction [26] before fitting. All theoretical re-
sults were averaged over the experimental photon energy
distribution and proton momentum bin widths.

From the comparison with the theoretical predictions
(dashed-dotted curve in Fig. 1) it is evident that the peak
in the differential cross section at high momentum is
dominated by 2NV absorption. The 1N contribution is
small due to the large mismatch between the photon and
nucleon momenta. However, the 1N +2N results lie far
below the measured strength at proton momenta below
the quasideuteron peak. It is in this region that the addi-
tion of 3V amplitudes (dashed and solid curves) have a
profound effect. For the highest E, cut, the full theory
is in excellent agreement with the data for P,= 400
MeV/c. (The calculations for lower momenta underesti-
mate the data, but this is to be expected since the model
does not include real-pion production channels.) For
E,=270-304 MeV the integrated theoretical cross sec-
tion increases by a factor of 1.75 when 3N amplitudes are

included. At lower photon energies the effects due to the
3N amplitudes remain quite significant, although the cal-
culations underestimate the measured cross sections.
Similar discrepancies were observed when the elementary
deuteron photodisintegration cross section was calculated
[271.

The comparisons between the present data and theory,
at 80° (Fig. 1) and other angles, support the predictions
[1,21] that 2N and 3N absorption dominate the reaction
3He(y,p)X at different proton momenta. The beam po-
larization asymmetry, X, which is the ratio of the dif-
ference of contributions from orthogonal polarization
states to the unpolarized cross section, provides an impor-
tant independent test of this model. For the 2N process
the same model is able to account for the observed asym-
metries in deuteron photodisintegration, while much
smaller asymmetries are expected when three nucleons
share the incident beam energy.

The predicted asymmetries for E,=270-304 MeV are
shown in Fig. 2. Theory gives the best description of the
measured cross sections in this energy range. The asym-
metry data, as well as the calculations using 1N +2N am-
plitudes (dashed-dotted lines), lie close to the deuteron
values [28] (approximately —0.20) at high momentum.
This agrees with our previous interpretation of the quasi-
deuteron region. The addition of 3N amplitudes (solid
curves) causes the predicted asymmetries to rise smoothly
toward zero with decreasing momentum. However, the
data do not consistently follow the predictions, with some
angles being worse than others. In particular, at 60 and
80 degrees the asymmetries remain below the solid
curves, at essentially the quasideuteron values, through
much of the region that the analyses of the unpolarized
data had ascribed to the 3N absorption mechanism. At
lower beam energies the discrepancies are generally less,
but the effect of the 3V amplitudes is also reduced.

In summary, inclusive protons have been measured
from the reaction *He(¥,p)X using polarized photon
beams. One- and two-nucleon absorption mechanisms
alone fall far short of accounting for the measured cross
sections below the quasideuteron peak. The inclusion of
three-nucleon amplitudes has a large effect and is clearly
important. However, the present state of the theory pro-
vides at best an incomplete description of the cross sec-
tions and beam asymmetries. One possible improvement
of the theory which could significantly alter the asym-
metries is the treatment of final state interactions. At low
energies the spin observables for radiative proton capture
on deuterium are dramatically improved in a theory
which generates bound and continuum states from the
same nuclear Hamiltonian [29].
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