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Spin~isospin excitations in ‘ight oblate nuclei are described as longitudinal (along the symmetry axis) and
transverse oscillations in the frumework of a semiclassical model. It is shown that, as a result of the competing
effect of the or-dependent and gr-independent components of the restoring force constants, these nuclei might

exhibit an unplitted M2 resonance.

1 - Spin-isospin (o7 ) or pion like excitations in nuclei have been the object of several investigations in recent
years in connection with the study of precursor phxenomena(”. The softening of some of the or-excitation modes
and the enhancement of the corresponding magnetic transition probability would in fact indicate proximity of the
nucleus 1o a static a'v--phz:tst':(2 or pion condensation™™’.

In all those analysis the possible role of nuclear deformation has been ignored. It was pointed out however in
ref. (), to be refetrred to as I, that the most natural candidates for exhibiting a precursor behaviour are light
oblate nuclei. This can be seen from the analogy with the o¢t-static phase in nuclear matter. This phase is
characterized by a laminated structure due to one-dimensional crystallization along the direction of spin
quantization (z-axis), which is normal to the planes alternatingly occupied byo, 7,=1 and 03 03=-1 nucleons. The z-

3%
component of the average distance between these two fluids results therefore to be smaller than the transverse



one, yelding an attractive contribution from the tensor force in the Hartree approximation, ;

A similar configuration is realized in an oblate nucleus by a o¢zdisplacement 'alo'fn;‘gv the symmetry axis
(longitudinal). If the OPE potential were strong enough, a static o7-phase would therefore be established. We
showed in I that the actual OPE potential is not so strong, but it is attractive enough to favour zero-point
longitudinal oscillations. The precritical behaviour would then be characterized by the softening of such a
longitudinal oscillation mode. Such a softening has not been obse\rvedl(s)"' in an experiment on 285?1.

Having concentrated our attention on the unidimensionality of the oscillations as the main characteristic of
the order, we did not investigate in I how transverse oscillations are affected by the OPE potential and we
neglected the effect of deformation on the g7-independent component of the restoring force.

We show in the present note that the above deformation effect changes drastically the results of I and makes
necessary the inclusion of transverse oscillations in order to give a distinctive characterization of 07 excitations in
deformed nuclei which is easy to test experimentally.

2 - For simplicity, we confine ourselves to 12C and 2851..

The total nuclear wave function is

¥, K- MK(Ef’)A(Ef) (1)
z T

-
where the intrinsic part A{d) is a Slater determinant of displaced single-particle wave functions
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The shells are filled according to the following scheme

Nm

are harmonic oscillator wave functions in a cylindrical basis and X5 ¢ are spin-isospin wave-
T ;

©, 0, 0); (0,1, ¥ 1) for }2¢
(vz, va) = . g
©, 0, 0% (0,1, %1 )3 (1, 0, 0); (0,2, ¥ 2); (2, 0, 0) for 23si.
\

The collective motion is generated by the quantum fluctuations of the displacement parameter 2. In harmonic
approximation, the collective Hamiltonian is

p? 1
H:-z——- E(C +K)d + = (C +K)C[ (3"
where M=Am/4, Cz and CT are the  -independent restoring constants and Kz and KT the dependent ones. These

latter are determined by the equation

<A@ | vy, | (>~ K o2k dd, ®)

Vg4 is the ov-dependent part of the N-N interaction. This is customarily approximated by the regularized
OPE potential plus a contact term which is supposed to account for the short range part of the or--clepent‘lent
interaction. This contact term parametrizes matrix elements on the Fermi surface, and such parametrizationis a
priori unjustified for a nonspherical Fermi surface especially in the study of anisotropic phenomeéna like
longitudinal and transverse excitations. This point has already been emphasized in the context of static ¢v-



(6)

phases'®, We nevertheless mauntain here this parametrization to get anidea of the effect of an overall reduction

of the OPE potential. Therefore V;, have the expression »

f 2 - =+ = > -, 2 2 b -
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where
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The resﬁl‘xting expressions for KZ and KT are
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In the above equation
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Finally, following the prescription of the unified theory of nuclear vibrations(7) we put
~ A =2 A -2
(,z::~4m wz, CT"—l,wfm )T’ (10)

452 and !5.1. being the oscillator frequencies. The above expressions can only be indicative. In particular the
underlying quasi-boson approximation is not well justified for C:z due to the small number of single particle states
available.

The first excited states are characterized by a unique quantum number (K=0, for 1n,r=0, nz.=l, K:-"-Ll, for nT=1,
‘nz::()) and by the M2 transition strength

B(M231 =K = 081, K) = —5— <@ | m( =12, =K)

1+6K0

& ’ 2, (1)

where
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Therefore
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Transitions K=0 — K = 22 are absent.
The above equations have been evaluated by using the free nucleon values for gp and 8y These values should

be renormalized according to the quenching of magnetic tran51t10ns(8) in order to compare with experiment.

3 - The predictions of the model are reported for 3 values of g', i.e. g'=0.33, 0.5, 0.7. We have assumed 62/ 65’[’::]"’5”
which corresponds to a deformation parameter §~ -0.4.

In order to appreciate the difference with respect: to the results presented in I, we recall that in that paper
the (longitudinal) restoring force constant was computed ignoring the dependence of CZ on the deformation.
Furthermore K was evaluated for g'=0.33 so as to cancel the contact term in the OPE potential, and assuming a
nuclear den51ty of gaussian form. Table I shows that the removal of the latter approximation makes K more
negative. The increase of C, due to deformation (Table II) is however such as to overcompensate the attrac tion
coming from Kz As a result there is no softening of the longitudinal mode. A new characterization of the ov
excitations emerges from the present results (Table II}.

For all values of g', KT turns out to be positive. For g'=0.33 transverse and longitudinal excitations are almost
degenerate and have comparable strength, while for g'=0.5 only the transverse excitation is collective. These
values of g' give rise to negative values of K,Z.. For g'=0.7, K, is instead positive and longitudinal and transverse
excitations are well separated.

We can infer from the above results that for not too large values of g' only a single collective level or two
levels very close in energy should appear in deformed nuclei. If g' is too large instead two well separated
collective states should exist. This latter case would be the analog of the splitted El giant resonance in deformed
nuclei.

Some experimental results are known for M2 transitions in MC and 285'1. In 12(: there is one collective
© 2t 19.3 Mev with (BM2) } ~700 42 tm?. 1n #
total strength B(MZ)T'V#OO ,U«mez. These results have in common with our prediction for g'=0.5 the fact that the

level Si there is a group of levels(s) centered at 14.5 MeV with

strength is concentrated at a unique value of the excitation energy in agreement with our model. The strength in

12C, however, is much larger than predicted, while in 285."1 it is fragmented.

In order to clarify the situation it would be desirable to have a direct measurement of the B(M2) in l:ZC,,
whose value has been obtained through a theoretical analysis done with spherical s.p.w.f., as well as we'n:penme'rnml
results in other light oblate as well as prolate nuclel(m).

For a more detailed comparison with experiment one should also perform a microscopic calculation, the only

one which can account for possible fragmentation of the o7 levels as occurs in 2851.



TABLE I - C is evaluated according to Eq. (10) with &, = G, i

w5 -

e., by neglecting th
difference. The resulting value is slightly different from that of I, where C =41 A”
All other quantities are evaluated by putting Eiz/(TJT = 1.5, which corresponds to a deformation

c_-C
4 T
3 MeV fm™2,

parameter é=-0,4. The values of B(M2) are omitted for K/C~ 0.1, because in this case our
collective model is not reliable,

+
Nucleus g C ., K, 5 o, B(MZ,}S:AD—;K:O) Ky - o B(M2),£<=O—;K=-l
MeV fm™* | MeV fm MeV u £m MeV fm MeV 4 fm
0.33 -16.5 8.3 250 3.4 19.0
12¢ 0.5 22.1 4.5 15.6 8.4 20.5 160
0.7 9.6 20.9 105 14.4 2.5 147
0.33 136 9.6 533 5.3 14.8
28g; 0.5 29.3 2.0 13.6 11.6 15.6 493
0.7 20.4 17.2 299 19.1 16.9 456

TABLE II - The same as Table I, with the exception of C, and CT which are
cording to Eq. (10) with E)’Z/a'fT =1,

LR

evaluated ac-

~ PR - oI _+
Nucleus g C, 2 K, 2 o, B(M‘Z,g_o-; K=0 Cr R Ko , o B(MZ,Ig-O-’ZK--l)
MeV fm ° {MeV fm eV M= fm MeV fm “ |MeV fm “ | Mev u°fm
0.33 -165 | 17.2 128 4 |16.7 197
120 0.5 37.9 45 {214 16.8 8.4 18.7 176
0.7 9.6 | 256 86 164 |20.8 159
0.33 -13.6 | 167 348 53 |12.8 602
28¢; 0.5 50.3 20 | 17.6 22.3 1.6 |14.2 542
0.7 204 | 20.5 251 19.1  |15.7 491
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