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Experimental results are presented on the relative yield of a particles as a function of the
cosine of the emission angle in the c.m.s., for proton energies in the range 1.12-3.58 MeV.
The proton-energy dependence of the coefficients A and B in the a-particle angular distribution [ Eq. (1)] is given. The curve A (E) is different from the theoretical one.
INTRODUCTION

EXPERIMENT

ALTHOUGH the Li 7 (p, a) He 4 reaction was the
first nuclear reaction achieved by means of an
accelerator, it still continues to attract the attention of researchersP-BJ The reason for this is its
simplicity, which permits a relatively easy theoretical interpretation.
The angular distribution in the c.m.s. of the a
particles produced in the reaction is given by the
equation

The beam from the cyclotron of the Physicotechnical Institute of the U.S.S.R. Academy of
Sciences was focused by two quadrupole lenses on
a target placed in the center of a vacuum chamber
500 mm in diameter. A slit collimator, which determined the beam geometry, was placed in front
of the chamber. A Faraday cylinder behind the
chamber measured the beam intensity. A special
plane attachment with willemite screen, placed at
the exit from the chamber between the poles of an
electromagnet, permitted us to determine the
beam energy from its deflection in the magnetic
field.
Cassettes with nuclear emulsions of the T-2
type were placed on the periphery of the chamber.
The photographic plates, 3 em x 6 em, were
placed in the cassettes at an angle of 10° to the
direction towards the target. The positions of the
cassettes in the chamber enabled us to detect a
particles emitted in the range of angles from 10
to 170°, in steps of 10°.
In first experiments we used metallic lithium
targets 15-20 J.l thick obtained by rolling the metal
in an atmosphere of dry C0 2 • Later the target
consisted of aluminum foil 0.6 J.l thick with metallic
lithium evaporated on it in vacuum. The target
was transferred into the chamber in an atmosphere of C02 •
The thickness of the targets was determined
after the exposure by means of potentiometric titration of a solution of the lithium from the target
in distilled water. The energy losses in the target
were not greater than 60 keV.
In a large number of cases, the range in the
emulsion of a particles from the reaction and of
scattered protons is of the same magnitude. A
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(1)

where &ems is the angle of emission. Equation (1)
is consistent with the assumption that the reaction
is due to protons with orbital angular momenta
l = 1 and l = 3.
The energy dependence of the coefficients A
and B indicates that the reaction involves at least
two states of the intermediate nucleus Be 8 with
total angular momenta J = 0 and J = 2. This assumption served as a basis of calculations of the
angular distribution using the dispersion theory,
first with only the p-waves taken into account
( l = 1 ) [9] and then extended to include the f-waves
( l = 3) of the bombarding protons.Ct 0J
The majority of the experiments on the angular
distribution of a particles from the Li 7 ( p, a) He 4
reaction were carried out at proton energies below 1 MeV. Only in two experiments, carried out
in the same laboratory, were protons with energy
up to 3.5 MeV usedPJ In the present experiment,
the angular distribution was investigated in the
energy range from 1.12 to 3.58 MeV. The purpose
of the experiment was to explain the role of the
states of the intermediate nucleus Be 8 , which take
part in the reaction at relatively high energies of
the bombarding protons.
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Ep, MeV

1.12
1.35
1.80
2.00

I

A

B

2.75 ±0.13
2.267 ± 0.085
1.41 ±0.13
1.29 ±0.10

-0.698 ± 0.095
-0.323 ± 0.066
-0.45 ±0.12
-0,50 ±0.09

special method of development was therefore used,
which permitted us to distinguish visually between
the tracks of a particles and of scattered protons
under the microscope.
The plates, placed at angles of 10 to 40° with
respect to the direction of the proton beam were,
in the majority of cases, inadequate for analysis
because of a large background of scattered protons. However, since two identical particles are
produced in the reaction and since their angular
distribution in the c.m.s. is symmetrical with respect to the angle Berns = 90°, the angular dependence of the a-particle yield can be constructed
from measurements at angles greater than 80°.
RESULTS OF THE MEASUREMENTS
In each plate, 2500 to 3500 a particles were
counted. The results of the measurements of the
relative yield of a particles in the c.m.s. are
shown in Fig. 1 as a function of cos 2 Berns for
different proton energies. The deviations from
straight lines are due to the presence of a term
proportional to cos 4 Berns in the expression for
the angular distribution.
The coefficients A and B in Eq. (1) were calculated using the least-squares method and are

II

Ep, MeV

2.46
2,80
3,24
3,58

I

B

A

0.74±0.08 -0.516 ± 0.076
-0.41 ±0.03 +0.15 ±0.03
-0.74±0.11 +0.093 ± 0.100
-1.00±0.12 +0.27 ±0.11
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FIG. 2

given in the table together with their probable
errors. The dependence of the coefficients A and
B on the energy of bombarding protons, obtained
in our experiments, is compared with the results
of[2] in Fig. 2. The dashed curves, referring to
the energy range below 1 MeV were constructed
by us from the results of[ 1• 3- 6J. One should note
the very good agreement, in the energy range
1.2-2.6 MeV, between our data and those of [ 2] ob-

DIS T RIB U T I 0 N 0 F a PART I C L E S F R 0 M T HE L i 7 ( p ,
tained by a different method. This leads us to the
conclusion that the step on the descending branch
of the curve A ( E ) around 2.2 MeV is not a result
of statistical fluctuations.
The theoretical expression for the energy dependence of the coefficient A obtained, as mentioned above, taking two states of the intermediate
nucleus into account, is of the form
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