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ABSTRACT

, 1 .
The yield of the two capture gamma rays in the 016(p,7)F 7 reaction
has been measured at 90° toc the beam for bombarding energies in the range

2.56 ~ 2.76 MeV. An anomaly was cbserved in the yield of the capture
+

1
gamma ray leading to the .500 MeV 5 state of FlT for a bombarding energy

‘ 1
of approximately 2.66 MeV corresponding to the 3.10 MeV state of F 7. No

anomaly was observed in the yield of the capture gamma ray leading to the
+ B

l .
% ground state of F 7. The experimental results were found to be in good
agreement with theoretical calculations made on the basis of the extra-—

nuclear capture model of Christy and Duck {1961). On the basis of the

experimental results and the theoretical calculations, the single particle
1" B 17
reduced widths for the 5 «500 MeV state and the Y ground state of T

were cbtained. Using the definition of Lane (1958), these single particle

reduced widths were found to be:

6§+sp = .57 + .10 6Z+sp = .38 + .08
, )

From the shape of the anomaly observed in the yield of the capture gamma
ray leading to-the.-é-+ gstate and the extranuclear4calculétions, an upper

1imit was placed upon the width of the gammh ray -transition leading from
the resonant %ﬁ state at 3.10 MeV to the %f

was: F7 < ,03% eV

/500 MeV stdte. This limit
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I. INTRODUCTION

In many light nuclei the cross section for the (p,y) reaction
consists of a slowly varying background upon which the various resonances
in the reaction are superposed. The characteristic magnitude of this
slowly varying background is approximately 1 microbarn for 1 MeV protons,
and in many cases the gamma-ray angulaf distribution has the simple sin®6
form characteristic of a dipole transition with no change of magnetic
quantum number. In several éases this sin®8 distribution can be attributed
toa P toS eleét?ic dipole transition with no spin flip, and this simple
angular distribution together with the smoothly varying cﬁaracter of the
cross section leads to the description of the reaction as a direct capture
process. |

Christy and Duck (1961) have shown that in several cases a simple
extranuclear model'for the electric dipcle capture shows good agreement
with the experimental data. In this model the capture matrix elements
are approximated by only thatrportion contributed by configurations in
which the proton is outside the nuclear potential of the capturing nucleus.
For these configurations the only interaction between the two particles is
Just the Coulomb one, énd the wave functions involve only the well known
Coulomb functions. The absence of a nuclear interaction in the initial
state accounts for the smoothly varying character of the cross section
and also for the absence of spin flip and the resultant isin®@ distribution
in the case of P to S8 capture.

The success of the model at low bombarding energies is not surpris—

ing since calculations show that the integrand of the capture matrix element
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has a maximum at a distance considerably larger than the nuclear radius.
Thus, the behavior of the correct wave functions in the vieinity of the
nuclear surface is not very important, and the approximation made in re—
placing them with Coulomb funétions up to some cutoff radius is reasonably
good. At higher bombarding energies the modei might be expected to deviate
from the experimental data since the maximum in the integrand of the matrix
elements will move closer to the nuclear surface and the-behavior of the
correct wave funcﬁions in the vieinity of the nuclear surface will there-
fore become more important. Thus, once the validity of the model had been
reésonably well established at low bombarding energies, it was»interesting
to test 1t at higher energies,

The extranﬁclear calculations are in good agreement with the low
energy measurements of the 016(p;7)F17 cross section (Tanner, 1959; Christy,
1961; Lal, 1962), and the possibility of clarifying a rather puzzling situ~
stion concerning the interference between the direct and resonant capture
made this a particularly interesting case to investigate at a higher bom—

barding energy. The energy levels of Fer

are shown in Fig. 1 which was
taken from the compilation of Ajzenberg—Selove and Lauritsen (1959).
Analysis of the elastic scattering of protons from 016 has shown (Salisbury

and Richards, 1962) that the 3,10-MeV state of FL! has a spin and parity

of % . In this analysis it was found possible to obtain good agreement

with the elastic scattering data in the region of the 3.10-MeV state by

using only a resonant Pl phase shift and slowly varying P, and 5. phase

L 2 L
2 l+ 2 2
shifte. Capture to the .500-MeV 5 state proceeds mainly by El radiation
-+

Tfrom the Pl and P2 partial waves; capture to the g ground state proceeds
) 2
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mainly by El radiation from the P_, F5’ and F7

2 Z i
2 2 2
on the basis of a purely extranuclear transition, one would expect an

partial waves. Thus, even

anomaly in the 72* cross section in the region of the 3.10-MeV state

since the Pl partial wave contains an additional term due to the resonant

2
scattering. The 71* cross sectlon, on the other hand, should show ao

anomaly since it does not preoceed through the Pl partial wave and there

2
will be no additional resonant term in 1ts matrix element.

The experimental results of Laubenstein et al. (1951), appear to
be in disagreement with these coneclusions since, within their experimental
uncertainty, no anomaly was observed in the total capture cross section
in the region of the 3.10-MeV state of FlT. The extranuclear model, how-
ever, predicts a definite anomaly calculable from the 016(p,p) elastic
scattering phase shifts and the value of the FlT nuclear radius, and in
general it is very difficult to see how some sort of anomaly could fail
to be present. A preliminary calculation of the expected 75 ancmaly
showed that it would be mainly of the interference type, and that the
magnitude of the ancmaly should be approximately + 25% of the nonresonant
yield. The ﬁidth of the 3.10-MeV state of FlT state as deduced from the

rescnance observed in the Olé(p,p) elastic scattering at a bombarding

- energy of 2.66 MeV is approximately 20 keV. A study of the yield of the

- ®*In the following discussion the capbure gamma ray leading to the
% stite of Fl7 will be denoted by Y5 the capture gamma ray leading to

the £ .500-MeV state of ' will be dencted by 7,, and the gamma ray

+
leading from the % state to the ground state of FlT will be denoted by 75.



= b =

two capture gamma rays at O = 90° was therefore undertaken for bombarding
energies in the range 2.56~2,76 MeV., Sufficiently long bombardments were
used so that the expected statistical fluctuation in the 7o yield between
the data foints was only about 2% or less than lO% of the expected anomaly.
An anomaly of the type predicted by the extranuclear model was
observed in the 75 yield, and, within the statistical uncertainty of ap-
proximately 10%, no ancmaly was present in the measured 141 yield (see Figs.
8 and 9). Parts IT and III of this thesis describe the measurement and
analysis of the yield of the two captufe gamma, rays. In Part IV the
experimental results are compared with the results predicted on the basis

of the extranuclear model.



