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INTRODUCTION

HE neutrons produced on bombardment of

lithium with deuterons have been studied
by a large number of workers and, as in the
case of other reactions leading to the same
final nucleus, contradictory conclusions have
been reached regarding the number of levels
observed in Be8 Some investigatorsl™s have
reported besides the ground state, only one
other level corresponding to about 3 MeV
below the excitation levels of 10 MeV;
others™?® have produced evidence for additional
energy levels of Be® corresponding to excita-
tion energies of 1:5, 2-1, 4+1, 5-4 and 7-5 MeV.
However, no systematic study has been made
of the angular distribution of the outgoing
neutrons from the (ILi,d) reaction, In view
of this a further investigation of the above
reaction seems desirable. The angular distri-
bution of the neutrons would throw light on
the mechanism of the reaction,

In the present work an 86 KeV thick target
of ordinary lithium was bombarded with 500
KeV deuterons from the Cockcroft-Walton
generator of the Tata Institute of Fundamental
Research, Bombay.

Iford G5 Nuclear Research plates (7-62 X
2.54 cm.) with thickness of 400« were exposed
to the emitted neutrons, The plates were held
radially at a distance of 16-2cm. from the
target so as to receive neutrons proceeding at
angles of 0°, 45°, 690°, 90°, 120° 135° and
150° to the direction of the deuteron beam.
After irradiation the plates were processed
using the method of ‘témperature development’
suggested by Dilworth et al.l9

The plates were examined on a Cooke,
Troughton and Simms nuclear research micro-
scope and the modified procedure used in our
earlier work (Sah!! and Saxena and Sahl<)
was followed. At each angle 750 tracks were
measured. The criteria, set for accepting
tracks, reduced the number of tracks running
out of the plate. Only 6, 5, 6, 5, 6, 2 and 2
tracks ran out of the emulsion at angles of
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0¢, 45°, 60°, 90°, 120°, 135° and 150° respectively.
These numbers being too small as compared
to the number of tracks recorded, no correc-
tion was needed for loss of tracks from the
plate. In all previous investigations a correc-
tion had to be applied for such tracks; the
correction being approximate, the absolute
vield of the reaction could not be estimated.

THE NEUTRON ENERGY SPECTRUM

The energy corresponding to the measured
ranges of the recoil protons was obtained from
the range energy relations given by Wilkins.13
The data for each angle were collected In the
forn of a histogram where the number of
tracks were plotted against the neutron energy,
using intervals of 0-1 MeV. For obtaining the
real energy spectrum correction had to be
made for the wvariation of the neutron-proton
scattering cross-section ¢, ‘While "ascertaining
each recoil angle the change in the direction
of the neutron incident on the plate with dif-
ference in position of the point of origin of
the recoil proton track in the emulsion, has
been taken into consideration. Correction has
alsc been made for thickness of the target
while calculating the Q-values,

The information regarding the energy levels
of Be8 has been obtained from a study of the
individual Q-spectra at the wvarious angles.
Two such spectra for angles of 60° and 90° are
shown in Figs. 1 and 2. Out of the larg»
number of peaks observed some will arise due
to statistical fluctuations. Only those peaks
have been regarded as genuine which occur at
all the seven angles at precisely the same
@Q-value. These will correspond to the forma-
tion of Be% at different excitation lcvels, It

seems extremely unlikely that statistical
fluctuations . will give rise to homogencous
groups of particles at all the angles with

exactly the same disintegration energy.

The data have been shown in Table 1.
Evidence has been produced for levels in Bes
at coxcitations of 2-1, 2-8, 3-5, 4-1, 4-88, 5-96,
6-55 and 757 MeV besides the ground state.
Information regarding levels with higher
excitation cannot be obtained due to the
presence of L in the target
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THE ANGULAR DISTRIBUTION OF THE NEUTRONS neutrons was obtained. The neutron vyield
From the proton track densities found in the corresponding to the formation of Be® in the
different plates the angular distribution of the ground state has been calculated in terms of
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in MeV for the energy levels. of Be8 .at different angles. with respect
to -the deuteron beam

\ E, in

\ Me 0 2.1 2.8 3.5 g1 488 596 655 7.57
Angles \
N

0° G.5. Z«19 273 3:33 1:.04 4-86 6-00 6-43 7+52

+0-1 +0-2 +0-17 +0-16 + 17 + .16 + 17 + .18

459 . 214 2+63 3-42 £+08 4+83 607 6+71 7-59

+ .12 4+ +2] + <15 + .18 1 -16 + «}8 + «[8§ + 15

60° . 2.10 989 360 4-21 4+93 5-87 653 7-61

+ 15 X 14 + 18 + 15 T+ 18 1+ -156 * -13 T 16

90° ' 2.y} 282 3+38 3-88 181 585 6-42 7-60

T -1 T <14 T «19 + 18 + 17 + .18 + 13 £ 12

1200 . 2+ 29 2.93 354 4-00 493 6+ 01 6-52 1 56

+ .2 + -2 + 18 X 17 + ~14 x 17 + 18 * 12

136° . 2424 299 368 i1 484 5-99 Ge57 762

+ .11 + -2 + 18 + +16 £ 13 x+ .13 + 14 + .13

150° . 2-14 2-83 335 4+ 20 4-92 583 §-66 718

+ «11 + 14 - 21 + 15 + 14 1 <13 T 15  -10
the number of tracks per 1093 (This has neglected and a theory of the stripping process
been normalised” to 1:0 for 8=0°). The has been given by Butler.!> This theory has

angular distribution was transferred to the
centre of mass system using the formula of
Haxby et al.l4 The angles of emission of the
neutrons and the yields in the C-co-ordinates
are shown in columns two and four_respectively

of Table II, while the normalized yield is

given in the last column.

TaBLE 11

Yzeld of the reaction Li7 (d,n) Be8 at the
different angles

Angles  Angles Yield Yield
i in in 161 Nonualised
L-Cu-ordi- C-Co-cordi- L-Co-ordi- C-Co-ordi- yield
nat: s nates nates nates
Q¢ 0 3:756 3700 1000
45° 46° 13°  3-361 3+223 0-856+0:07
60° 61° 29° 1967 1:010  0-50810-06
80° 01© 437 2-614 2814  0+68510-07
1209 121° 20"  1-645 1:668 044310406
1359 136° 137 -1+304 1333 033561006
1506° 150° 62° 1418 1-451 0-"85+0-05

—— e

T - - ==
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The yield shows a pronounced forward
maximum indicating that the formation of Be®
is mainly through the stripping process.

No theory for the angular distribution of the
neutrons from d-n reactions has so far been
worked out for low deuteron energies, For
higher energies the coulomb barrier has been

2

also been applied fo low deuteron energies, but
in this case the compound nucleus mechanism
also makes an appreciable contribution to the
angular distribution.

The observed data have been subjected to
further analysis by applying Butler's theory.
The differential cross-sections have been
obtained at various angles for 1, =0, 1 and 2
denoting the angular momentum transferred
by the captured proton. The values for 1, =1
show the closest fit with the observed data as
shown in Fig, 3. There is agreement as far

Vealy -
N
N —===0BSERVED YJELD
N —————CALCULATED YiELD
\1 FOR £P=I-
\
\
a \
> v SN e
(18] | i‘f \
o I , / \
1A
S Y
\
\f
\
“
‘4.
# | e 2o
¥iG. 3. Angular distribution in the centre-of-mass

syatetn of the reaction Li7 (d, n) Be®,



394

as the general nature of the curves is concerned
namely in respect of the pronotinced forward
maximum, then a minimum at an angle of
about 60° {followed by a second maximum.
There is however a considerable deviation in
the observed and calculated yields in the back-
ward direction. This may however be
expected on account of Butler’s theory being
approximate at the small deuferon energy used
in the present work.

It can therefore be concluded that the target
nucleus Li7 accepts a proton of orbital angular
momentum 1 =1 directly inic the ground
state of Be.® This value of 1 , 1§ consistent
with the change of parity in the Li7 (d,n) BeS
reaction, It also implies that the ground . stale
of Be® has spin 0 or 2, the odd wvalues being
not permitied on account of observed break up
of Bed into two¢ a-particles (Crussard!® and
Jones -et all?),

CoONCLUSION

In the present investigation evidence has
been found for the levels in Be® at 21, 2-8,
3-0, 4-1, 4-88, 5-96, 6-55 and 7-57 MeV. exeita-
tion bhesides the ground state, This is at
variance with the results of most of the
workers and 1is in agreement with the findings
of Trumpy et al.m and Catala et alB

The resulis obtained in the present experi-
ment are more conclusive than that of Catala
et al. as the latter studied the reaction at only
two angles. In the work of both Trumpy et al.
and Catala et al. a correction, which is approxi-
mate, had to be applied for the tracks run-
ning out of the plate, Due to the meodified
proceflure of scanning and measurement
followed in the present work no correction
was needed for escape of tracks; it also
avoided the determination ef the shrinkage
factor of the emulsion, whose value 1is
ascertained approximately in the other- investi-
gations.

The angular disiribution of the mneutrons
shows that the formation of Bef in the
ground state is predominantly due to the
stripping process. Analysis of data indicates
this state of Be8 to be Qtor 2+. 'The problem
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regarding the relative importance of the
stripping process and the compound nucleus
formation can only be solved by a new theory

for the stripping process at low deuteron
energies,
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