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Nucleon Momentum Distribution in "0Using the (y,p) Reaction
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The momentum distribution of P &/2 shell nucleons in ' 0 is deduced from measure-
ments of the angular distribution of the ' Qh', po) reaction cross section between Ey 40
and 105 MeV. The results are found to deviate from the Elton-Swift distribution.

The measurement of a nucleon bound state wave
function, or its Fourier transform, the momen-
tum wave function, provides a most valuable test
of any nuclear model. Hitherto momentum dis-
tributions have been investigated almost exclu-
sively by the Q, 2p) and (e, e'p) quasifree scatter-
ing reactions. ' This Letter presents new results
obtained from the (y, p) rea, ction, the use of which
circumvents the difficulties of a coincidence mea-
surement and has permitted the extension of the
measured momentum distribution to momenta
considerably higher than those previously investi-
gated.

The analysis is based on measurements of the
"O(y, po) reaction cross section for photon ener-
gies above the giant resonance but below the p-
meson production threshold. Angular distribu-
tions at E = 60, 80, and 100 MeV comprise the
bulk of the data. The experimental details of
these measurements have already been described';
the modifications in technique employed to inves-
tigate the "O(y, p) reaction will be given else-
where. '

A momentum distribution has been extracted
from the data using an extension of the plane-
wave model, whereby the most important effect
of distortion in the final state is approximately
included in terms of a real energy-dependent op-
tical potential V. The main effect of this poten-
tial is to reduce the energy of the photoproton
by (1 —1/A)I VI as it leaves the nucleus, without
much affecting its direction. The observed out-
going proton momentum kk is thus related to the
internal momentum kk' just after the photon is
absorbed by (h k')'/'2m = (k k)'/2m —(1 —1/A )V,
k/k = k'/k', where m is the proton mass and all
quantities are defined in the center-of-mass sys-
tem. The effect of the imaginary component of
the optical potential is crudely approximated as
an energy-independent absorption factor rj, whose
value was estimated" as q =0.4. In this "ex-
tended" plane-wave approximation the (y, p) cross
section per proton in the center-of-mass system

is '

do 2,A —1 e' kk" BV

dQ

where 0 is the angle of emission of the photopro-
ton, hk is the incoming photon momentum, the
momentum wave function p, (q) = (2w) ~"fexp(- f
xq. r)ii, (r)d'r, with g, (r) the proton bound state
wave function and Sq = k (k'- (1 —1/A jk ) the ini-
tial momentum of the bound proton, h k =

I (1 —1/A)

x(2m(hck —S) +k'k '/A)] '" with S the proton
separation energy, and 1 —aV/sE is the Percy fac-
tor. ' The final-state potential V is approximated
by V(E) = —Vo(1 —E/E, ). The energy dependence
is fixed by choosing Ep 200 MeV. ' An appropri-
ate value for the average potential has been ob-
tained using a procedure suggested by de Forest':
In the limit of zero photon energy the kinetic en-
ergy in the final state, —V(—S) —S, is equated to
the average kinetic energy, T„of the bound
state, i.e., T, = V, (1+S/E,) S. A value o-f T,
= 17 MeV has been obtained from the Elton-Swift"
1P & /2 bound state wave function for "P; this gives
Vp= 27 MeV. Using the relations above, a value
for (2l+ 1) 'g

I p, (q) I' was obtained from each
measured cross-section datum point do(k„, 9)/dQ.
The resultant momentum distribution points are
shown in Fig. 1(a), which also illustrates the sen-
sitivity of the distribution to somewhat extreme
changes in Vp. The distribution is quite insensi-
tive to changes in E, (not illustrated).

It will be noted from Fig. 1(a) that the experi-
mental data taken over a wide range of photon en-
ergies and proton angles can be parametrized
consistently in terms of a single momentum dis-
tribution. I The consistency of the data is better
for this plausible choice of V(E) than for the ex-
treme va, lues shown in Fig. 1(a)]. The cross
section for the (y, p) process depends predomi-
nantly on the probability that the nucleus can
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Since the lowest momenta examined here can
also be reached in the quasi-elastic scattering
process, it would be useful to compare the re-
sults of the two different reactions. Unfortunate-
ly, there are no measurements of the "O(e, e'p)
reaction at present. Although suitable overlap-
ping data"'" are available for "C, some prob-
lems remain to be resolved. In the case of the
"C(y, p) reaction it is not clear which are the
(1p) ' hole states in the "8 residual nucleus. Al-
so, since the kinematic conditions in the (y, p) and

(e, e'p) reactions are rather different, it is im-
portant that the corrections for the distortion of
the final-state wave function due to the complex
optical potential be carried out consistently for
both reactions. These corrections are being at-
tempted now, before comparing the '2C momen-
tum distributions.

To summarize, it has proved possible to ex-
tract a unique momentum (imbalance) distribution
up to momenta of 500 MeV/c from data on the
"O(y, p) reaction; this distribution deviates from
a shell-model distribution, and it would be inter-
esting to see if it is consistent with the measure-
ments of other reactions [e.g. , (p, d) j which are
also sensitive to the high momentum components
in the nucleus.

We acknowledge support of this work by the
Science Research Council.

FIG. 1. The experimental lp, y& momentum distribu-
tion for '60 (E&

——60 MeV, ~; 80 MeV, $; 95 MeV, A;
100 MeV, V; 40, 50, 70, 90, 105 MeV, 45', X). The
distributions for Vo = 18 Rnd 36 MeV are shown as — — -.
Rnd ———,respectively. The Elton-Swift momentum
distribution is shown as

make up the imbalance between the momenta of
the incoming photon and outgoing proton, and the
results shown in Fig. 1(a) can be thought of as
the empirical probability distribution of this mo-
mentum supplied by the nucleus. However, at
the high momenta sampled by the present (y, p)
measurements, it is not clear that this distribu-
tion can be interpreted as the momentum distri-
bution of the bound proton in its shell model orbit,
since some contribution to the cross section is
expected to arise through strong two-body resid-
ual interactions. The results of the present ap-
proximate analysis certainly deviate from the El-
ton-Swift Ip~r2 momentum dlstl lbutlon for 0
shown in Fig. 1.
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