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Effects of both the static and the dynamic triaxial deformations on the signature dependence of
B(M1) and B(E?2) in odd-A nuclei are studied by applying the RPA formalism based on the rotating
shell model to odd-A nuclei. Numerical examples are presented for '*Lu and "Ho. The observed
M1 properties of the high-spin region of '*Lu are well reproduced, while the extremely strong
signature dependence of B(E2) in ""Ho is not reproduced by the calculation.

In recent years, strong signature dependence of the B(M1) and B(E?2) values has
been observed”™? in the 4I=1 transitions between high-spin states in odd-A nuclei.
These experimental data have been discussed in connection with the occurrence of
triaxial deformations.®* The theoretical calculations have been done mainly in
terms of the particle-rotor model.¥~® In addition to the effects of the static triaxial
deformations, those of the y-vibrations have also been discussed, within the framework
of the macroscopic Bohr-Mottelson model, in some cases.?”

The purpose of our work is to develop, on the basis of the Rotating Shell Model
(RSM), a microscopic description of odd-A high-spin states along the line parallel to
the phenomenological particle-rotor model. In this letter, we report a few typical
results obtained by applying the RPA formalism based on the RSM® to odd-A nuclei.
One of the advantages of our approach is that it can easily be applied to high-spin
states with many aligned quasiparticles, while it has a limitation that the y-vibrations
and the wobbling modes are treated within the small amplitude approximation. The
main steps of our microscopic approach are as follows:

1) We construct a diabatic quasiparticle representation for the rotating triaxially
deformed potential that is obtained by transforming the single-particle potential of
the Nilsson plus BCS form into a uniformly rotating frame of reference with a given
value of the rotational frequency wr«. This step provides us with the diabatic basis
for the RSM.

2) The residual interactions consisting of the monopole-pairing and the doubly-
stretched quadrupole forces are treated by means of the RPA in the rotating frame,®
and normal modes of vibration are determined.

3) For odd-A nuclei, the couplings of the aligned quasiparticles with the y-vibrations
in the rotating frame are treated in a way similar to the traditional quasiparticle-
phonon coupling models.” The y-vibrations are taken into account up to the two-
phonon states, and the Pauli principle effects stemming from the two-quasiparticle
structure of the y-vibration are neglected.
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4) We extend Marshalek’s treatment'® of the Nambu-Goldstone modes, I'' and I, of
the RPA to odd-A nuclei. Namely, we make the following replacement,
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where 7. represents the total angular momentum and J . the quasiparticle angular
momentum. This ansatz is the most crucial point of our approach. The motive of
this replacement is to develop a microscopic model in which the state vectors are
constructed, as in the particle-rotor model, in a direct-product form of the rotational
and the internal wave functions. A similar ansatz was previously adopted by Hara
and Kusuno'” for the case w:«=0. Once the replacement (1) is admitted, it is
straightforward to extend Marshalek’s procedure'® for constructing the state vectors
in the laboratory frame to odd-A nuclei.

By means of the above procedure, we obtain effective electromagnetic operators
acting on the internal wave functions of odd-A nuclei as follows:

M1 transitions with AI=—1

(1)

po= (gz - gRPA) Zﬁiqlp) + (gs(e”’ - gRPA) 5(31'))
+vibrational terms, (2)

where 7“? and §“9” denote the orbital and spin angular momenta of quasiparticles,
and the vibrational contributions consist of the linear terms with respect to the RPA
phonon creation and annihilation operators (see Ref. 10)). The effective g-factor of
the RPA vacuum state, grea, is given by
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where the expectation values are taken with respect to the RPA vacuﬁm states.
E2 tramnsitions with A= — 1 '
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where the quadrupole operator Q. is quantized along the rotation axis (the z-axis),
and <Qx> (K=0, 2) represent the expectation values of the quadrupole operators @z«
whose quantization axis is the z-axis. The vibrational terms consist of the linear
terms with respect to the RPA phonon operators. When the triaxial deformation is
small, Eq. (4) can be rewritten in a good approximation as
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where AE denotes the signature splitting of the quasiparticle energies. For the
quasiparticles associated with the j-shell, 4F may be written as

2E=E(a=1)~B(e=—3)=(-17"am1, ©
50 7 P where ; is related to the signature @ by
= exp\—// iap e b 7Sap j=a+even. The expression (5) reduces
= /// g 7 to that of Hamamoto® when j=1/2,
[l = ep " because in this case the factor
(—=1)'7|4E/fwrorl becomes (—1)'7"2
an Note that the factor multiplying <@=> in
@3 Eq. (5) always takes larger values for
7 the favoured states (whose I=j+even)
»T-E than for the unfavoured states (whose
s I=j+o0dd). Note also that the ratio
Mo,
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Fig. 1. The ratios B(M1;/~1—1)/B(E2; I-1-2)
plotted as a function of wwi. The solid tri-
angles and the solid circles with error bars
denote the experimental data.” The solid
(broken) lines represent the results of calcula-
tion with (without) taking into account the
couplings with the y-vibrations. The exper-
imental values for /=31/2 and 33/2 lying in the
band crossing region are omitted from the
figure. The triaxial deformation parameters

are assumed to be =18 10° and 0° for the
one-, three- and five-quasiparticle bands, re-
spectively. Note that our definition of the sign
of 7 is opposite to the Lund convention.”

Other parameters of calculation are: #=0.21,

. gs°M=0.7¢gs"?, 4,=1.20 MeV, 4,=1.16 MeV

for the one-quasiparticle band, 4,=1.18 MeV,
A,=0.72 MeV for the three-quasiparticie band,
and 4,=1.18 MeV, 4,=0 for the five-
quasiparticle band. In the upper portion of
this figure, calculated values for the signature-
splittings of the quasiparticle energies are
compared with the experimental ones.

|AE/hwro| is smaller than unity in gen-
eral.

Below we present typical results of
numerical calculations for '*Lu and
¥"Ho, for which most detailed exper-
imental data are available. In these
calculations, the same static triaxial
deformation parameters as in Refs. 3)
and 4) are used for the sake of compari-
son with these works, except for the
five-quasiparticle aligned band of '*Lu
where 7=0° is assumed. For the sake
of reference, we also mention that the
static triaxial deformations which we
calculated by using the method of Ref.
12) are 7,=0°~8° for the one-
quasiparticle band, 7=6°~11° for the
three-quasiparticle band and y=0° for
the five-quasiparticle band. (Note that
our definition of the sign of 7o is opposite
to the Lund convention.”’) These values
of 7 smoothly change as a function of
wrot Within individual bands. The prin-
ciple of fixing other parameters entering
in the calculation is the same as in Ref.
8), and the details will be given in a
forthcoming paper.

Figure 1 shows the ratios B(M]I;
I-1-1)/B(E2; [-1—2) for "Lu as a
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function of wro.. The solid (broken) lines represent the ratios calculated with
(without) taking the couplings with the y-vibrations into account. The observed
rotational bands may be roughly divided into three groups according to the number
of aligned quasiparticles. The first group (15/2<71<29/2) involves the aligned
quasiparticle A, or B,. The second (35/2<7<51/2) involves the quasiparticle
configuration ApA.B». or BpA:Bx. The third (I 259/2) involves ApA.B.C.D» or By
A7BnC:Dn. Here Ap, By and A, By, Cn, D, are the familiar notations” denoting the
aligned quasiparticle states associated with the %12 and viis shells, respectively.
Note that we obtain the crossing between the second and the third configurations at
hwrt=0.4 MeV in good agreement with the suggestion from the experiment.” The
interactions between the two configurations are neglected in our calculation with the
diabatic approximation, although the experimental data indicate that these are rather
strong. The selfconsistently calculated neutron pairing gaps are 4,=0.72 MeV at
hwre=0.2 MeV for the three-quasiparticle band and 4,=0 for the five-quasiparticle
band,* when the pairing-force strength G is fixed at the ground state to reproduce the
odd-even mass difference. We see in Fig. 1 that the signature dependence is well
reproduced especially in the highest-spin region. Another interesting feature of Fig. 1
is that the ratio increases when the 732 neutrons align. This trend is easily
understandable from Egs. (2) and (3), since the aligned 7132 neutrons decrease the value
of grea.'¥™™  The calculated values of grea are 0.29~0.27 for the one-quasiparticle
band, —0.12~—0.04 for the three-quasiparticle bands, and —0.05~ —0.04 for the
five-quasiparticle band. These values of grea smoothly change as a function of wre
within individual bands.

Figure 2 shows the calculated values
of B(E2;I-1—1) for ""Ho divided by
(5/167)e* < Qo>*<I, 7/2,2, 011 —1, 7/2>%
It is seen that the signature dependence
originating from the couplings with the
y-vibrations is stronger than that from
the static triaxial deformations. Conse-
quently, the B(E2;/-I1—1) from the
favoured states (whose I=j-+even)
become always larger than those from

0 X v ] o the unfavoured states (whose I=j

' ot (Mev) +o0dd), in agreement with the exper-

Fig. 2. The calculated values of B(E2%/~/—1)  imental data.” On the other hand, the
divided by (5/167)e*QuwX1,7/2, 2,017 —1, calculated signature dependence of
7/2>*. The three cases with different 7 values ) B( ID 2) is smaller in magnitude than
(70=2%15", 0°) are displayed. The solid (bro- experimental data. Also, the large
ken) lines show the results with (without) tak- . 2) . ]

ing the couplings with the y-vibrations into experimental values® of the ratio B(EZ’
account. The deformation parameters used 1-1-1)/B (E 2,1>1—-2) could not be
are £=0.20, 4,=121 and dy=1.25 MeV. reproduced. In this connection, we note

*) As shown in Ref. 8), the pairing gaps depend only weakly on wre within each rotational band defined
by the diabatic quasiparticle representation. Therefore, we used constant pairing gaps for each band in
Fig. 1. )
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that the calculated values of the factor 4E/Zwro are 0.43, 0.08 and —0.05 for y,=15°,
0° and —15°, respectively, at Zwra=0.2 MeV in *"Ho, which are considerably smaller
than unity. Thus, the signature dependence originating from the static triaxial
deformations is significantly suppressed in this nucleus.

The results presented above are in qualitative agreement™® with those of Refs. 3),
4), 6), 7) and 15) except for 1) the case y=15° in Fig. 2** and 2) the highest-spin region
of '®Lu, for which the calculation including the five aligned quasiparticles was carried
out for the first time. The microscopic model outlined in this paper may be regarded
as a kind of extension of the particle-rotor model, since the basis of the intrinsic state
vectors is determined by the RSM as a function of wri. One of the merits of this
approach is that multi-nucleon-aligned bands can be easily treated, whereas, in the
conventional particle-rotor model, the treatment of such bands becomes increasingly
difficult with increasing number of aligned nucleons. The results of calculation
presented here show the feasibility of our approach. A systematic calculation for
many high-spin data is being performed, and will be reported in a forthcoming paper
in which the details of formulation will also be given.
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