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Neutron-proton bremsstrahlung calculations predict cross sections integrated over the pho-
ton angle, 8&, which show rather modest model dependence. However, the predicted photon
angular distributions manifest a large model dependence. Unpublished data from a previous
experiment were integrated over positive and negative photon angles and the ratio compared
with model predictions. The results are that the potential model calculations of Brown and
Franklin are favored.

Nucleon-nucleon bremsstrahlung remains one
of the most promising ways of investigating that
relatively unexplored region of the nucleon-nucle-
on interaction: its off-shell behavior. As predict-
ed by the low-energy theorem, ' off-shell effects
are relatively small until one goes far off shell.
In the case of proton-proton bremsstrahlung (PPy)
the coplanar cross sections, either as a function
of the photon angle 8z or integrated over 8, show
about the same sensitivity to off-shell effects. ' '
The difference between on- and off-shell predic-
tions is generally &25%%uo" for the symmetric case
of 8~& 25' and E(lab) s 200 MeV; and the off-shell
differences among various models are generally
less than this amount.

For the case of nPy, present calculations"' of
integrated cross sections also show modest mod-
el dependence. However, the photon angular dis-
tributions appear to provide a considerably more
sensitive basis for model discrimination. An ex-
ample of the use of this fact is presented in this
comment. It is based on a more detailed analysis
of data used previously" "for the purpose of com-
paring experimental integrated cross sections
with model predictions.

Table I summarizes the calculated and experi-
mental values for the coplanar, symmetric nay

cross sections integrated over 8„. The differ-
ences among the integrated predictions of the var-
ious models is moderate, =25%%u~. The calculation
of McGuire' labeled 0, contains off-shell effects
of the pole terms but only on-shell contributions
from the internal terms. In the calculation a modi-
fied one-pion exchange model is used to extrapo-
late the current elastic-phase parameters off-
shell. Suppressing off-shell effects results in the
predictions denoted by 0,&. MI refers to Nyman's
"model-independent" calculations' which like 0„
contain no off-shell effects. Unlike 0„ they are
covariant, but use a single energy approximation.
Brown and Franklin's calculations' are based on
the Bryan-Scott III (BS) potential and they include
contributions from the rescattering and exchange
type of internal terms. The one-boson-exchange
(OBE) calculations of Baier, Kiihnelt, and Urban, '
based on the OBE model, include the effects of in-
ternal terms and are relativistic and gauge invari-
ant. It can be seen that the cross sections inte-
grated over 8 show only moderate off-shell dif-
ferences at ].east for 8„=8&~ 30',
are not precise enough to distinguish among them.

In Fig. 1 can be seen the large model dependence
of the photon angular distributions for the case of
200 MeV and 8~= 8„=30'. Although each of the cal-

1707



1708 F. P. BRADY AND J. C. YOUNG

TABLE I. Calculated and experimental values for
coplanar, symmetric nPy cross sections at 200 MeV.

0„, 0& O~ O
&

MI" BS OBE d Expt.
IS-

30, 30 35 24

35, 35 40 29

' See Ref. 8.
b See Ref. 2.
'See Ref. 9.
dSee Ref. 5.

See Hefs. 10 and 11.
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culations" ' predicts qualitatively a dipole-type
distribution the latter are quantitatively quite dif-
ferent for the three calculations. Due to statisti-
cal errors and the large energy spread of the in-
cident neutron beam it was not possible in our ex-
periment at Berkeley to obtain good photon angular
distributions and only cross sections integrated
over 8 were reported. "" However, it is possi-
ble to obtain from the data" the ratio of the cross
section integrated, respectively, over positive
(proton side) and negative photon angles. This is
found to be 0.57+ 0.36 at 208 MeV for 8&

——0„=30',
where the error quoted is statistical only. Pre-
dictions of the models denoted Q, ' BS,' and QBE'
at O, = e„=30 and 20O MeV are 1.54, 0.70, and
1.41, respectively. Thus, the potential model
calculations' of Brown and Franklin are favored.

The above ratio is not as model-dependent; it
appears from Fig. 1, as a ratio taken at carefully
chosen photon angles. Thus, it seems that mea-
surements of njy photon angular distributions or
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FIG. 1. The calculated npy photon angular distributions
for 8& =0„=30' and E(lab) =200 MeV. The solid curve is
that of Brown and Franklin (Ref. 9); the dash-dot line
that of McGuire (Ref. 8) and the dashed line that of Ba-
ier, Kuhnelt, and Urban (Ref. 5).

measurements at specific angles would provide
reasonable tests for the off-shell behavior of n-P
interaction models.
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