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targets (N„&7). (e) Multiplicity (n, ) distributions
of all the white stars with L - 2.5 cm peak at a
lower n, value than for white stars with L&2.5

cm.
In conclusion, our data indicate a diminution in

the measured mfp of secondary fragments in the
first few centimeters (or -10 "sec) of their
path length after their production. The energy
of the primary beam plays an important part in
the production of anomalous nuclei, as we did
not observe any anomalous effect' with a "Fe
beam of about 1 GeV/nucleon. In our present
investigation, we did not include the PF's of
charge 2, i.e., n particles, from the Fe and Ar
primary beams which are under investigation for
the observation of the anomalous effect. The
analysis of the primary stars (interactions) seem
to indicate that lighter targets favor the produc-
tion of abnormal nuclei and these nuclei produce
more white stars (interactions) than the regular
nuclei. We are continuing our present investiga-
tions about the primary and secondary interac-
tions connected with these fragments to under-
stand the origin of the anomalous effect.
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The spectrum of bremsstrahlung radiation emitted by the scattering of protons by ' C
near the 461-keV resonance has been studied at bombarding energies 130, 235, and 335
keV above the resonance. The measured spectra were analyzed and compared with the
theoretical predictions calculated from the soft-photon approximation and the Feshbach-
Yennie approximation.

PACS numbers: 25.40.Ep, 24.30.-v

In an earlier paper' we reported good agree-
ment between theory (the Feshbach-Yennie approx-
imation ) and experiment for the bremsstrahlung
cross sections measured near the 1.7-MeV reso-
nance in the proton-carbon (p-"C) scattering. In
this Letter we wish to report our new measure-
ments of the bremsstrahlung cross sections near
the 461-keV resonance in the p-"C scattering and
to point out some disagreements between the
Feshbach- Yennie approximation and the experi-

menta, l data. .
The bremsstrahlung process has attracted much

attention during the past two decades not only be-
cause it is the ideal process for the study of the
off-shell effects' but also because it can be used
to study the electromagnetic properties of reso-
nant states' and nuclear reactions. ' ' The idea
of using bremsstrahlung emission as a tool for
investigating nuclear reactions wa, s first proposed
by Eisberg, Yennie, and Wilkinson, ' whose clas-
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sical treatment of the bremsstrahlung process
was extended later to a quantum mechanical treat-
ment by Feshbach and Yennie. ' The idea works
as follows: Given the p-"C y process near a
scattering resonance, for example, one meas-
ures the bremsstrahlung cross sections of the
process as a function of the photon energy k at
an incident scattering energy above the reso-
nance. If this incident energy is very far from
the resonance, one obtains a typical bremsstrah-
lung spectrum with a characteristic 1/k depen-
dence since the contribution from the resonance
is very small. In the energy region of the reso-
nance, however, the contribution from such ef-
fects becomes significant and one expects a reso-
nant structure to appear in the bremsstrahlung
spectrum. If the measured spectrum can be com-
pletely described by the Feshbach- Yennie approx-
imation, then one can apply this approximation
to extract the nuclear reaction time from the
data. This useful information about the time de-
lay can be used, for example, to distinguish un-
ambiguously between direct nuclear reactions
and compound-nuclear reactions.

However, the applicability of this new tech-
nique to the measurement of the short nuclear
time delay depends upon the existence of a reso-
nant structure in the bremsstrahlung cross sec-
tion and upon the validity of the Feshbach- Yennie
approximation. Thus, attention has now been fo-
cused on the test of the Feshbach- Yennie approx-
imation.

A serious attempt to test the Feshbach- Yennie
approximation and to extract important informa-
tion about the reaction time was made recently by
both Maroni, Massa, and Vannini' and by Trail
and co-workers. ""These two groups have care-
fully measured the proton-carbon bremsstrahlung
(p-"C y) cross sections near the 1.7-MeV reso-
nance. The most important conclusions obtained
from these experiments were the following:
(i) The structure due to the resonance effects
was clearly observed in the measured p-"C y
spectra near 1.7 MeV; (ii) the measured brems-
strahlung spectra with structure were well de-
scribed by the Feshbach- Yennie approximation,
using the results of the elastic scattering ampli-
tudes" as input; and (iii) a delay time of the or-
der of 10 "s was extracted from the data. These
results provided not only the first experimental
test of the Feshbach- Yennie approximation but
also the first positive proof that bremsstrahlung
process can be used to measure the nuclear time
delay.

The levels associated with the 1.7-MeV reso-
nance are two closely spaced levels of —,

'' and 2

in the compound nucleus "N. The structure ob-
served in this energy region is therefore a result
of the interference effects between these two lev-
els. Also, there is another excited state (J' = —,")
of "N at 461 keV. Since this state is a well-iso-
lated excited state, we expect that the resonant
structure that results from this single state can
be interpreted theoretically more simply than the
results from the double resonant states near 1.7
MeV. Thus the measurement of the bremsstrah-
lung spectrum near 461 keV can provide not only
another sensitive test of the Feshbach-Yennie ap-
proximation but also additional data for under-
standing the effect of a resonance on the brems-
strahlung process.

Our experimental arrangement has been de-
scribed earlier. ' Briefly, proton beam currents
of typically 400 nA from the Brooklyn College
Dynamitron were incident upon a 20-p. g/cm' car-
bon target. The scattered protons were stopped
by a surface-barrier detector at a laboratory an-
gle of 155'. The bremsstrahlung photons were
detected by a NaI(T1) crystal 76 mm in diameter
and 6 mm thick, located 28 mm above and nor-
mal to the scattering plane. To increase the rate
of our data collection we used two surface-bar-
rier detectors each at + 155'.

Coincident events between a photon and a scat-
tered proton were identified with a fast-slow co-
incidence circuit with a time resolution of 8 ns.
These events were recorded on a floppy disk by
a PDP-11/20 computer. The data were analyzed
off-line as described earlier' with a suitable cor-
rection for the efficiency of the NaI detector, and
for the transmission of the detector housing. The
detector efficiencies were about 95% at 100 keV,
70%%uo at 200 keV, and 50% at 300 keV. The trans-
mission was 90% at 100 keV, 95/o at 200 keV, and
97% at 300 keV.

Our results are shown in Fig. 1. In this figure,
the ratio of the p-"C y cross section to the elas-
tic p-"C scattering cross section,

d 0' da'~y

dQ&dQ~ dK dA~

is plotted as a function of the photon energy for
three different bombarding energies, 130, 235,
and 335 keV above the resonance. The error
bars include statistical uncertainties, typically
about 30/o, and systematic errors, typically about
10%, due to the uncertainties in the detector effi-
ciencies. These cross sections are compared
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FIG. 1. The bremsstrahlung cross section relative
to the elastic scattering cross section. Three sets of
data are plotted on the same p-ray energy scale in
order to show the shift of the resonant structure with
the incident proton energy. The dashed curves repre-
sent the cross section calculated from the full Fesh-
bach- Yen»e approximation, which includes both the
principal term and the correction term. The dash-
dotted curves represent the calculation using the prin-
cipal term of the Feshbach- Yennie approximation.
The solid curves represent the calculation using the
leading term of the soft-photon approximation.

with the theoretical predictions calculated from
the soft-photon approximation and the Feshbach-
Yennie approximation. We point out here that
these sets of data at three different bombarding
energies are plotted on the same y-ray energy
scale so that the shift of the resonant structure
with incident energy can be seen clearly from the
figure.

As we can see from Fig. 1, the agreement be-
tween the soft-photon approximation and the data
is satisfactory at an energy far from the reso-
nant state. In the vicinity of the resonance, how-
ever, this approximation fails to predict the

structure due to the resonance which is clearly
observed in the experiment.

The Feshbach- Yennie approximation, on the
other hand, does predict the structure in the en-
ergy region of the resonance. However, the cal-
culation using the leading term alone is in better
agreement with the experimental data than the
full Feshbach- Yennie approximation, which in-
cludes both the leading term and the correction
term. This result may arise from the following
possibilities: (i) The contribution from the high-
er-order terms of the expansion of the brems-
strahlung cross section (or amplitude) may be im-
portant in this particular case because the ratio
of the photon energy, k, to the incident proton
energy, E~, is not small for large k (0.03~ k/E~
& 0.57). Unfortunately, there is no way to esti-
mate the contribution from these higher-order
terms without use of a model-dependent calcula-
tion. (ii) Coulomb effects may be very important
in the low-energy region. These effects have not
been treated exactly in our calculation. (iii) Pho-
ton emission from the resonant state ("N) may
be important. Contributions from this kind of
emission are not properly treated in either the
soft-photon approximation or in the Feshbach-
Yennie approximation. (iv) The parameters for
the resonant state J"= 2', which are the most im-
portant parameters used in our calculation, may
not be well determined since these parameters
were obtained from only one measurement of the
scattering cross section at only two angles. " We
emphasize that in these calculations all param-
eters used are fixed by the elastic-scattering
data 10, ll

In conclusion, we have verified experimentally
the existence of the resonant structure in the p-

C y spectrum near the 461-keV resonance. The
observed structure can be described by the Fesh-
bach- Yennie approximation but the calculation us-
ing the leading term of the approximation turns
out to be in better agreement with the measure-
ment than the full approximation. This result,
which is contrary to our previous p-"C y case
near the 1.7-MeV resonance, strongly suggests
that the validity of the Feshbach-Yennie approxi-
mation for describing bremsstrahlung emission
has as yet not been satisfactorily established,
thus warranting further study.
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The angular distribution of the tensor polarization t 20 in & dpp] elastic scattering has
been measured in the backward angular region at an incident pion energy of 138 MeV.
Large oscillations have been found which are in disagreement with all theoretical cal-
culations even when effects of the presently suggested dibaryon resonances with the
assumed standard parameters are explicitly included.

PACS numbers: 24.70.+s, 13.75.0x, 21.30.+y, 25.80.+f

For more than a decade polarization effects in
r-d elastic scattering have been the subject of an
intense theoretical investigation. %hile in the
earlier calculation the interest was focused main-
ly on the two-nucleon interaction and the sensi-
tivity of particular details of this fundamental
force, such as the D-state probability of the deu-
teron, ' ' recently the interest has been directed
mainly toward the absorption process of a pion
by the two nucleons and possible dibaryon reso-
nances in this system. The first theoretical cal-
culations of polarization observables used multi-

pie-scattering theory', at present the theoretical
studies have reached a high level of sophistica-
tion, incorporating complex nucleon-nucleon
interactions in relativistic three-body Faddeev-
type calculations. As long as only the simple
three-body problem is treated the results of all
these calculations are fairly similar for the ten-
sor polarization t„atbackward angles; however,
the results change drastically in this angular
region when absorption is taken into account.
Recently Grein and Locher' have calculated a
complete set of &-d observables using Faddeev
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