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IN a previous paper1 it has been shown that in a 
Po-0 neutron source the (a, n) reaction operates 
on the isotope 0 18 . The neutrons yielded by the 
reaction 0 18 ( a, n) Ne21 are accompMied by 0.35 
Mev y rays with a relative intensity of 30 ± 10%. 

A neutron source of 120,000 n/sec intensity was 
used in the present measurements. The source 
was a solution of Po210 nitrate in water enriched 
with 0 18 to 24%. A single-crystal scintillation 
spectrometer Md n-y Md y-y coincidence cir
cuits were used to investigate the gamma spectra. 
A 40 x 40 mm crystal of Nai(Tl) was used in the 
spectrometer. The resolution of the Cs137 y line 
was 12%. 

Figure 1 shows the y spectrum of Po-018 , 
taken up to 1.6 Mev. The 0.35-Mev y line corre
sponds2 to the first excited level of Ne21 . The 
1.38-Mev y line corresponds to the trMsition 
from the second excited level to the first excited 
level. The 0.803-Mev y line accompMies the 
decay of Po210 . 
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FIG. 1. Gamma 
spectrum of Po-011 

source. 
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The Po-018 spectrum contains a certain num
ber of pulses with energies up to 2.8 Mev. Some 
of these are evidently due to neutrons registered 
by the Nai(Tl) crystal. others are possibly due 
to hard y rays which could not be detected in the 
course of these measurements because of low in
tensity. 

The intensities of the 0.35-Mev Md 1.38-Mev 
y lines were determined from the areas under the 
full energy peaks (photopeaks ) . The crystal count-
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ing efficiency Md the ratio of the area under a 
photopeak to that under the entire spectral curve 
were taken from other references.3•4 

The intensity of the 0.35-Mev line, relative to 
the neutron yield, was found to be 45 ± 5%. To 
determine this particular intensity, the gamma 
spectrum was measured separately, at a high am
plification factor. The intensity of the 1.38-Mev 
line was 10 ± 2%. Upper limits for the relative 
intensities of the 1. 7 3-Mev y line (direct transi
tion from the second level of Ne21 to the ground 
level) Md of the 2.84-Mev line (direct trMsition 
from the third level ) were determined from the 
complete gamma spectrum of the Po-018 source. 
The upper limit was 1% for the 1. 73 Mev line Md 
2% for the 2.84 Mev line. 

To verify the results obtained with the single
crystal spectrometer, the Po-0~8 y spectrum was 
measured with the use of neutron coincidences. A 
tolMe crystal with 20 mm of lead shielding was 
used to count the neutrons. The coincidence cir
cuit had a resolving time of 6 x 10 -s seconds. 
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FIG. 2. Gamma spec- ,.!!l.f/m'lA----1+~-+---+--+---l 
trum of Po-010 source, 
taken with neutron coin-
cidence. 
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Figure 2 shows the y -ray spectrum taken with 
neutron coincidence. The 0.35- Md 1.38-Mev 
lines are also seen here. The sharp Compton
scattering cutoff of the 0.35-Mev line is associated 
with the sensitivity threshold of the coincidence 
circuit. The presence of the 1.38-0.35 Mev cas
cade trMsition was also confirmed by y-y coin
cidence measurements. 

Thus, it is possible to establish from these 
o18 ( a, n) Ne21 y -ray measurements that the decay 
of the intermediate nucleus Ne22 proceeds 55% to 
the ground level of Ne21 , 35% to the first excited 
level, Md 10% to the second excited level. The 
Ne21 nucleus undergoes trMsition from the second 
excited level at 1. 73 Mev to the ground state by y 
cascade, releasing 1.38-Mev Md 0.35-Mev y rays. 
The probability of direct transition is at least ten
fold smaller. 
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THE conjecture that structural subgroups consist
ing of two, three, and four nucleons can be formed 
within light nuclei has been made by many au
thors.1-4 In references 5 and 6, the disintegration 
of LiT into an a particle and a triton as a result 
of Coulomb excitation and of scattering of a heavy 
nucleus has been treated in terms of the a-triton 
model. One can easily see that such a model will 
lead to rotational levels in LiT. The axis of sym
metry will be given by the line connecting the cen
ters of mass of the a particle and of the triton 
while the axis of rotation will be perpendicular to 
the symmetry axis and will go through the center 
of mass of the system. 

Recently Blair and HenleyT have shown that sev
eral levels of Be can be interpreted as rotational 
states if this nucleus is visualized as consisting of 
two separate a particles oscillating along an axis 
connecting their centers of gravity. In the present 
paper it will be shown that one can also interpret 
some levels of LiT as having rotational character 
if one assumes the a-triton model. 

As is well known, the ground-state spin of LiT 
differs from zero (J 0 = % ) . Taking further into 
account that the present model has just an axis of 
symmetry (not a center of symmetry) one de
duces that the rotational spectrum will have angu~ 
lar momenta J = J 0, J 0 + 1, J 0 + 2, .... while the 
parities will coincide with the ground-state parity 
<%- ). The energies of the levels are given by the 
expression 

EJ=(h2/2/)JJ(J+1)-J0 (J0 +1)], l=p.r2 , (1) 

where 1J. is the reduced mass of the (a+ t) sys-

tern, and r is the distance between a and t. It 
follows from (1) that the ratios of the excitation 
energies of the rotational levels are 

£,1,: £,;,: £,1, • •• = I : 2.40: 4.20 .... 

Amongst the levels of LiT there exists8 one 7.46-
Mev level. with spin %- . Taking this to be the first 
rotationallevet, we see that the 17 .5-Mev level can 
be assumed to be the next rotational level with spin 
%- since the experimental ratio 2.35 of the ener
gies is close enough to the theoretical ratio 2.40. 

To verify our treatment we must obtain the 
right value for the energy of the first level, viz. 
7 .46 Mev. To that end we utilize the rms value 
2.71 x 10-13 em obtained by Hofstadter9 for the 
charge radius of the Li7 nucleus. Assuming that the 
mean distance between the a particle and the triton 
equals roughly the charge radius, we obtain from (1) 
a value 8.22 Mev, which is close enough to the ex
perimental value of 7.46 Mev. If we require that 
the energy of the first level coincide exactfy with 
the experimental value, we obtain for the rms dis
tance a value 2.85 x 10-13 em. This value is some
what larger than the charge radius. However, as 
is known the nuclear radius always turns out larger 
than the charge radius. _ 

The value obtained for r 2 allows also the eval
uation of the quadrupole moment of the LiT nucleus. 
Taking it into account that the quadrupole moments 
of He4 and He3 vanish, we obtain, in a coordinate 
system in which the origin coincides with the center 
of mass of the (a+ t) system and where the z axis 
is oriented along the axis of symmetry of the nu
cleus, the following expression for the quadrupole 
moment operator; 

Q == (68;49) V 41t/5 r2Y 20 (&). (2) 

In our coordinate system the wave function of the 
( a + t ) system will have the form 

~ = (o (r- R.o)J'1•, R. 0 = (V·~, 0, 0). (3) 

Using this expression, we obtain for the intrinsic 
quadrupole moment of LiT 

Qo = 68f2/49 = 11. 10_2.,_ cm2. 

This value is several times larger than the experi
mental value, 2 x 10-26 cm2• However we have to 
consider the obtained value to be more or less ac
ceptable when we recall that even the unified model 
which describes the nuclear states rather satisfac
torily leads to too large a value for the quadrupole 
moment. Also, the hydrod)Olamic model (assuming 
that LiT is deformea in the sense of the unified 
model and utilizing the energy of the first rota
tional level) yields a value for the quadrupole mo-


