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By use of an unconventional method of analysis, the data from the 42-MeVP-p brems-
strahlung experiment are reanalyzed and compared in the laboratory and c.m. systems
with a theoretical calculation based on the Hamada- Johnston potential. Large disagree-
ments, which were not seen previously, are observed.

In previous papers' ' results from two proton-
proton bremsstrahlung (ppB) experiments were
reported and compared with a theoretical calcu-
lation based on the Hamada-Johnston potential.
A significant disagreement between the experi-
ment and theory was observed. These results
were presented in a "conventional" manner, that
is, the cross sections having been calculated in
terms of a standard set of variables according to
conventional formulas. ' This method of analysis
has a number of shortcomings that are discussed
briefly elsewhere. ' The purpose of this paper is
to present some results of a reanalysis of the
data from the second experiment' in an "uncon-
ventional" manner.

The method to be used here' is, in principle,
an old method of comparing data with theoretical
calculations. It has been used in other branches
of physics whenever the efficiency and the re-
sponse function of the experimental equipment
were very complicated. ' Here, this method has
been extended and applied to reactions with
three-body final states. A brief discussion of
this method and of its chief advantages and dis-
advantages is presented elsewhere. ' It suffices
to say here that the experimental data were com-
pared with a set of weighted events' which was
generated by Monte Carlo techniques. All exper-
imental resolutions and efficiencies were folded
into these simulated events in such a manner as
to duplicate the effects of all experimental con-
ditions. The numerical calculation of the ppB
cross sections used to generate the appropri-
ate weight for each event and the Monte Carlo
simulation procedure have been previously de-
scribed. " The comparison between experiment
and theory was made by forming event frequency
distributions from the experimental data as a

function of a given variable, and then, comparing
them with the corresponding distributions formed
from the simulated set of events. This method of
comparing experiment to theory is quite flexible
and free from the approximations which are in-
herent in the conventional analysis.

The reliability of the simulation procedure, as
well as the major systematic errors in the ex-
periment, was briefly discussed in Ref. 2 (P2)
and will be described in detail elsewhere. ' The
chief systematic error is due to the uncertainties
in the energy calibration of the scintillation
counters, particularly at low proton energies.
The effects of these uncertainties were investi-
gated in detail and it will be shown' that the con-
clusions presented in this paper are independent
of these, as well as other systematic errors.

The behavior of the data as a function of many
different variables in both the laboratory and
center-of-mass systems was studied. ' In this
paper, the most interesting of the results are
shown. In the figures where the ratios of the ex-
perimental and simulated ("theoretical" ) distri-
butions are shown, the heavy error bars are due
to statistical errors only. The extended light
bars show possible systematic effects due to the
uncertainties in the energy calibration of the
scintillation counters. The effects of other sys-
tematic errors were estimated to be smaller.

In Figs. 1(a) and 1(c), the experimental and
simulated event distributions are shown as a
function of the sum of the proton polar angles
subject to the constraints explained in the figure
caption. In Figs. 1(b) and 1(d), the experimental-
to-theoretical ratios of these distributions are
plotted. The four points indicated by joined ar-
rows in Fig. 1(a) were used to normalize the
simulated data to the experimental data. These
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FIG. 1. (a) Distribution of events for experimental
(points with error bars) and simulated data (histogram)
as a function of the sum of proton polar ~~gles (0, =8&
+e2) for all "symmetric" (leDI = le, —e, 1&2') events.
(b) Ratio of experimental to simulated data as obtained
from the distributions in (a). (c) Distribution of events
for experimental and simulated data as in (a) but for
"asymmetric" (l OD 1 & 9') and "noncoplanar" (I Q„l & 0,7)
events. (d) The ratio of experimental to simulated data
as obtained from (c).

points were chosen because the results of the
conventional analysis" showed that in this par-
ticular angular range the experiment and theory
were in good agreement. The normalization fac-
tor so obtained was then used to normalize all the
results reported here and elsewhere. ' This pro-
cedure thus emphasizes disagreements in the
shapes of the various distributions.

Figure 1(b) shows good agreement with the re-
sults shown in the top line of Fig. 1 in P2. This
demonstrates the consistency of the present
method of analysis and the one used in P2.' The
data shown in Figs. 1(c) a.nd 1(d) represent, to a
large extent, a subset of the events used in com-
puting the cross sections for the 0„=12 and 19~
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FIG. 2. (a) Distribution of all detected events for ex-
perimental (points with error bars) and corresponding
simulated data (histogram) as a function of the Harvard
photon angle, g&. (b) The ratio of experimental to sim-
ulated data as obtained from the distributions in (a).

=16' lines of Fig. 1 in P2, It is interesting to
note that the ratio of the integrals of the two dis-
tributions in Fig. 1(c) is 0.55 +0.05 (+0.08) where
the error quoted in parentheses was obtained by
adding the systematic and statistical errors.

In Fig. 2(a), the experimental and simulated
event distributions are shown as a function of the
Harvard photon angle, 2 g, and in Fig. 2(b), their
ratios are plotted. The three points indicated by
circles are results from the Qrsay experiment'
which were compared with calculations per-
formed by Brown. ""

In Fig. 3, some results in the c.m. system are
presented. The following four c.m. variables
were somewhat arbitrarily chosen in this partic-
ular investigation: the photon energy, E *; 0~*,
the smallest of the four polar angles that either
proton makes with the positive or negative z axis;
the angle, 5*, that the photon makes with the
proton having the polar angle e~*; and, p*=

1
o,*

—90'1, where n* is the angle that the normal to
the final-state reaction plane makes with either
the positive or negative z axis.

Besides confirming the conclusions stated in
P2, the results of the present analysis lead to the
following additional conclusions.

(1) In some parts of phase space observed in
this experiment, the agreement with theory is
excellent. In others, the discrepancy is very
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FIQ. 3. Ratios of experimental to simulated distribu-
tions as a function of photon energy, Ey*, in the c.m.
system for events having 6~& 110'. Additional con-
straints are imposed as indicated.

large, at times more than a factor of 2. In a
certain part of phase space [see Fig. 3(a)], the
discrepancy increases with decreasing photon
energy. "

(2) The method used here has proved to be a
very general and useful one. Should a need arise
it would be relatively straightforward to compare
results of this experiment with theory in terms of
any dynamic variable, a task that cannot be done
by analyzing the data in a conventional manner.
This fact should give incentive to theorists to
search for new interesting variables that might
reveal certain dynamic properties of the off-en-
ergy-shell interaction which are hidden otherwise.

(3) It was pointed out in P2 that the results of
this experiment raise serious questions concern-
ing the validity of the commonly used potential
models off energy shell. The present analysis
accurately pinpoints regions of very large dis-
crepancy between experiment and theory. The
results presented here also illustrate the great
richness of the bremsstrahlung process and dem-
onstrate that more extensive experiments and
calculations will have to be done before any defin-

ite conclusions about the validity of potential
models off energy shell can be made.
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'2Note that this result does not contradict Low's low-
energy theorem since the photon energy is not suffi-
ciently small in this region to insure the validity of
Low's theorem. It does, however, indicate that the off-
energy-shell effects do not increase monotonically with
photon energy, a result which is often inferred from
Low's theorem.


