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Within the framework of the unified model with strong coupling, we investigate the collective
properties of Si%, Si3! and Ne?®, by analyzing the experimentally observed reduced widths

for neutron capture in (d, p) stripping reactions. The analysis shows that sid! apparently

has an oblate shape with a Nilsson parameter 6 < 0, but it is not possible to establish the
shape of the deformation for Ne??, though it does confirm that this nucleus is highly deformed.
The result for Si* does not agree with the theoretical estimates, which raises doubts concern-
ing the applicability of the strong coupling scheme to this nucleus.

IT is known that the low-lying levels of light nu-
clei in the region up to A =40 in many cases show
a well developed rotational structure, which is de-
scribable by the uniform model of the nucleus! in
the form proposed by Nilsson.2 Analyses within
the framework of this model have been made of
the experimental data for AI*» and Mg®,3 si%®¢
for nuclei in the region 4 < A < 32,% etc. In par-
ticular, it was shown* that Si?® apparently has an
oblate shape, with deformation parameter &

= —0.15, although the question of the existence of
oblate nuclei remains an open question. It there-
fore seems desirable to further investigate the
collective properties of light nuclei. In this paper
we consider the possibility of experimental con-
firmation of the deformation of the nuclei Si%?, Si3!
and Ne?3, which have been studied in stripping re-
actions,®7 by using the measured values of the re-
duced widths for neutron capture.

The expressions for the reduced widths for cap-
ture into rotational states of deformed nuclei were
calculated by Satchler.® In the case of strong coup-
ling with the surface, the motion of the odd nucleon
in the spheroidal potential is described by the
single-particle wave function xg =2 jCj¥j, where
j is the angular momentum of the external nucleon
and Q its projection on the symmetry axis of the
nucleus. The coefficients Cj were computed by
Nilsson. Because of the orthogonality of the single-
particle wave functions, the reduced widths yz, in
the reaction A (d, p) B, for capture of the neutron
into an orbit with definite j, I will be propor-
tional to | Cj|%
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For an even-odd initial nucleus,

[Ci|*~ (215 + 1)¥%%, 1580, kg

where 6 is the delta function, and K is the pro-
jection of the total angular momentum of the nu-
cleus on the symmetry axis.

The nucleus Si¥! has j = % in its ground state,
and is a convenient example for investigating the
sign of the deformation, since in the uniform model
the potential energy of a nucleus with an odd par-
ticle having angular momentum j = 3/2 is degen-
erate, with values Q =%, 6<0, and Q =1,

6 > 0. Within the framework of this model, the
sign of the deformation for Si®' can be established
from knowledge of the value of © =K. Analysis?
of the I -forbidden B transition Si%! — P¥ gives
j=Q =%, for the state of the external nucleon in
Si%!, The value of ¢ =K can also be determined
from the quantum numbers of the sequence of
levels in the rotational band, as predicted by the
uniform model. Unfortunately, the spins and pari-
ties are known only for the ground and first ex-
cited states of Si’!. The determination of the
quantum numbers of the next two levels at 1.70
and 2.32 Mev would give still another possibility
for determining the sign of the deformation in Si%!.
A direct comparison of the experimental values of
reduced widths from the Si*®®(d, p)Si® reaction
with the values of ICj |2 does no good in this case,
since the reaction was studied at a deuteron energy
of 4.3 Mev, which is almost equal to the Coulomb
barrier for this nucleus, so that the values of 7
are greatly reduced by Coulomb and nuclear inter-
actions.® For this reason, the table compares the
ratios of reduced widths, multiplied by appropriate
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Level ) J Yz('-’/B +1)
Nucleus | energy, | /g =1/ 7| Mevem | i8] |~ 8< G §>0
Mev S [t Y2 g+ 1)
Sjat 0 3/,+ 0.031* | 0.15 Cl_s Cil2 s
/2 37_59 | J|§— /:=5A2 | J!Ié—é L8
Sis1 0.76 1,4 | 0.017* [Cilk=% iCiik=%
Ne2s 0 5/4% 0.023 | 0.30 Ci3_s C.l2 s
/2 4.0—6.4 ] 1];(—4 6.2 ’ "’;"/’=e‘z
Ne2s 0.98 gt | 0.017 [Cilkr=Y ICilk=%
Sis0 0 0+ 0.087* | 0.15
0.3—0.2
Sjs0 2.24 2+ 0.057*

*Because of a numerical error, incorrect values of y* (and of 6%) were given
in reference 6. However, this does not change the conclusions of the paper.

statistical factors, with the ratios of the coeffi-
cients ICj |* for the Nilsson orbits for the ground
and first excited states, for the cases 6 < 0 and

6 >0 (columns 7 and 8 of the table). 2 =K =79,
corresponds to the eighth Nilsson orbit, while Q
=K =1, is the eleventh orbit. The absolute values
of the equilibrium deformation |6| given in column
5 are taken from reference 5. Column 4 of the table
gives the values of y* computed omitting and in-
cluding the isotropic part of the angular distribu-
tions. The ratio of the |Cj|¥s for 6< 0 is just
bracketed by these values. A similar situation
occurs for Ne2®, which was studied in the reaction
Ne?? (d, p) Ne®. For this nucleus, j = %, (the
fifth Nilsson orbit), but the ratio of the | Cj |2

no longer determines the sign of the deformation,
though it is known that in the region A =20 —25
the nuclei are deformed and have a prolate shape
(6 >0). It is possible that, in both cases, part of
the isotropic angular distribution, which is usually
attributed to a reaction which proceeds via com-
pound nucleus formation, may be caused by the
stripping mechanism. Thus the analysis of re-
duced widths from stripping shows that the nu-
cleus Si%! apparently has an oblate shape with
deformation parameter 6 < 0, but it is not pos-
sible to establish the sign of the deformation for
Ne??, although it is confirmed that this nucleus

is highly deformed.

In the case of even-even final nuclei, the prob-
abilities of capture to levels of the rotational band
differ only in their statistical factors and the cor-
responding Clebsch-Gordan coefficients
<IBQ|IAJIAQ —IpA>.8 For ,Si® the experimental
ratio of reduced widths from the reaction
Si®? (d, p) Si%, multiplied by the corresponding
statistical factors, is equal to 0.3 to 0.2, whereas

the theory gives 1 for the case of strong coupling.
In the experiment® it was not possible to separate
completely the proton groups corresponding to the
transition to the 2.24 Mev level of Si%®, and to the
ground state of Si®® from the reaction on Si®® which
is present as an impurity in the target. As a re-
sult the ratio of the reduced widths is apparently
reduced by 25 —30%. However, this cannot explain
all of the difference between the experimental and
theoretical values. It may be that, for Si¥ as for
certain other nuclei in the region 28 = A = 32, the
strong coupling scheme is not valid. To clarify this
question it will be necessary to determine the spins
and parities of higher excited states of Si®.

Very recently doubts have been raised concern-
ing the validity of using reduced widths for analysis
of nuclear structure,® since in addition to the usual
stripping reaction there may be other direct reac-
tions, such as the ejection of a proton by the deu-
teron with capture of the deuteron. However, when
the usual stripping process is allowed, the cross
section for other direct processes, especially when
the deuteron energy is around the value of the Cou-
lomb barrier for the target nucleus, will be prob-
ably much smaller than the stripping cross section.
The use of reduced widths for analysis therefore
seems to be justified.
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