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ABSTRACT: The I..i7(p,m) oo reaction has been studied up to 4.8 MeV proton energy.
The angular distribution has been fitted to a polynomial of the form c (1 +
+ A(E) cog® 8 + B(E) cos 0 )s The coefficients A(E) and B(E) show SNOrMous
variation above 4.0 MeV proton energy. The results are discussed in terms of
levels in Beg., The results indicate the presence of direct interaction,
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1. TIntroduction.

The Li7(p,cy)tx reaction has been extensively studied up
to about 3.5 MeV of incident proton energyl. The angular distri-
bution up to this energy has beeen fitted to a polynomial of  the
form C(1 + A(E) cos® @+ B(E) cos*® ). The coefficlents A(E) and B(E)
are functions of incident proton energy. The coefficient A(E) shows
a maximum at around 1 MeV protdn energy, while B(E) is fairly
constant and small over a considerable energy region. The  total

¢ross section shows a broad resonance at proton energy of 3 MeV with

a total laboratory width of about 1 MeV. On the assumption  two
interfering levels one with J = 2+ corresporiding to the observed
resonance in the total vield curve and another with J = 0" and a

wildth mueh larger than the experimental energy range, Inglis was able
to obtain a reasonable fit to the variation of A(E) and B(E) with
energy. The resonance parameters in this caleuiation were used as
arbltrary parameters whose values were determined from the data.

Unfortunately the fiunctuations in the experimental points do not

permlt one fo assign unique values to these parameters.

Recently measurements using polarized protons have been
performed in this energy regionsn Though there seems to be some
disagreement between tpe two authors; these measurements tend to
indicate that the original assumptions of Inglis may not be valid
and that the assumption of two J = 2+ levels, as proposed by Chris-

ty4, are needed to explaln the experimental data.

The experiment was undertaken to extend the data for this

reaction to higher energies in order to check the validity of  the
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above assumptions as well as to obtain the resonance parameters of
the states in question if possible. It is interesting to study this
reaction near the 21.6 MeV state in Be which 1s very close to the
He® + He? and Li® + 3 thresholds. Also it would be of interest to
see 1f at the higher energies the reactlon goes partially through

direct interaction.

2. Experimental Technidue.

The reaction was studied up to 3.5 MeV using the Rice
University Van de Graaff and up to 4.8 MeV using the machine at Sa-

clay.

The Rice experiments were done with a natural lithium tar-
get of about 20 }Jg/cm2 deposited on 50 ‘pg/cma carbori‘backingo The
excitation curves at eight angles were obtained using solid state
counters as detectors of alpha particles. The target deterioration
was checked after each excitation curve and was found to be less than
5%.

The target used in the Saclay experiments was about 10 to
15 }.1g/c:m2 deposited on carbon foils about 10 }.Ag/cm2 thick. The
angular distribution at each energy was studied from 90° to 170°
using a solid state detector. It 1s not necessary to measure in the
forward angles also, since for unpolarized protons the reaction is
symmetric about 90°. This symmetry was checked at the lowest energy
used in this experiment. A solld state detector at 90° was used as

monitor.
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L Results °

The excitation curves up to 3.5 MeV for various angles used
in the Rice experiments are shown in fig. 1. The angular distributions
obtained in the experiments performed at Saclay normalized 0 unit
monitor reading are shown in figs. 2 and 3. The solid curves in
these figures represent least squares fitting to the polynomial C(1 +
+ A cosai3+ B cos4fﬂ. The coefficients A and B as functions of energy
obtained from the above data are plotted in fig. 4, In figs. 5 and 6
we compare the value of these coefficients with those obtained by
earlier works. The solid lines in these figures are Just smooth curves

drawn through the points.

The total cross-section curve as shown in fig. 7 was obtained
as follows. In the Rice experiments we integrated our angular distri-
bution to obtain the yield curve. In the Saclay experiments we 1nte-
grated the angular distribution normalized to unit monitor and multi-
plied this with the average monitor reading for the particular energy-.
Since this depends on the stability of the monitor readings, in fig. 8 we
show typical curves of monitor readings taken at each energy. These
curves show that the monitor was stable within the experimental errors
which includes errors due to current integrator. The total error was
estimated to he around 5%. It is also seen that these is no appreci=-
able target deterioratlion. Since the Saclay and Rice experiments
overlap in energies it was possible to normalize these two data and it
was found that in the region of overlap there was very good agreement.
The absolute cross section was obtained by normalizing our curves to

the value obtained by Freeman et al.® at 1.47 MeV and that quoted by
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Burcham et al. at 2.02 MeV, The excitation curve is shown in fig. 7
where we have also plotted the values obtained by Heydenburg et al.,l

after normalizing it at 2.02 MeV. The errors in the total cross=
~gection curve include also the errors quoted in the above references

for the energies at which the curves were normalized.

4. Discussion.

As can be seen fron figs. 2 to 6, the absolute values of the
coefficients A(E) and B(E) increase enormously above 4 MeV. Within our
errors we see no resonance in this region. This result cannot be recon

ciled with the assumption of a 2+ and ot state in Bes.

The 00546 term seems to indicate the presence of more than
one 2+ state in this region. It is possible that there ~ 1s a large
contribution from direct interaction. One can see an anomaly devel-
oping in the angular distribution around 150° with inerease of energy
above 3.8 MeV, this anomaly increasing with increasing energy. To ob-
tain a good fit in this region one needs a large number of terms in the
polynomial in c0556 . In fig. 9 we compare one such angular distribu~
tion with.acos6(3 term also added. This may be due to the presence of
direct interaction. The large variation in A(E) and B(E) might hence
partly be due to interference between direct and compound nuclear

contributions.

At 4.82 MeV proton energy we observe a large d4rop in  the

value of these coefficients. At this particular energy, our experi-
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mental errors may be larger than those shown, which are due to
statistics and charge integration only. It would be very interesting
to perform the experiment at higher energies to elucidate this

point.

The absence of resonance in the (py &) reaction around the

8

Li7(p,n)Be7 reaction’ . It would be reasonable to assume that the

2l.6 MeV state in Be“ is not surprizing. This state was observed in
alpha reduced widths of even parity, even angular momentum states with
T =0 in Be8 are very close to the Wigner limit and that these states
would predominantly decay by alpha emission. Then any nucleon emiz-
ting state may not satisfy the above criterion for parity or angular
momentum or igsobaric spins an hence would not show up in the
Li7(p,a)cz reaction. This does not exclude the pgssibility of alpha
émitting states in the game region and the complexity of the angular
cistribution of the Li7(p,a)¢x reaction probably indicates the pres-

ence of such states near this energy region.
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Fig. 1 - Excitation curves for the Li?(p, o) o reaction up to 3.5 MeV
proton energy.
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Fig. 2 = Angular distribution of o« particles from the ILi (p,cx)oz. reactlon. The solid

curves are least square fit to the polynomial G(1+A cos? 0+ B cos4 $)
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Fig. 3 - Angular distribution of o particles from the Li7(p,qc)cu reaction for
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Fig. 5 - Comparison of the variation of A(E) with incident proton energy with the
results of earlier workers.
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Pig. 8 - Monitor readings for the same angular distribution to show the stability

of the monitor.



180

150

| I I
Ep 4,71 MeV
= 390
)
§
&
=
e
% ~ 2,0
=
5
&
v
=
[ o |
- 1,0
CENTRE OF MASS ANGLES
30 70 110
0,0 T I T B

Fig. 9 - Comparison of the angular distribution at E
fite of polynomials C(1* A cos®
+D cosée).
nomial up to cos 0.

Solid curve: polynomial up to cos

= 4,71 MeV with least square

4

0 + B cos™8) and C(1+ Acos

6.

29 + B eosl*e *

Dashed curve: poly-





