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Abstract. The model of coherent quadrupole and octupole motion (CQOM)
is combined with the reflection-asymmetric deformed shell model (DSM) in
a way allowing fully microscopic description of the Coriolis decoupling and
K-mixing effects in the quasi parity-doublet spectra of odd-mass nuclei. In
this approach the even-even core is considered within the CQOM model, while
the odd nucleon is described within DSM with pairing interaction. The Corio-
lis decoupling/mixing factors are calculated through a parity-projection of the
single-particle wave function. Expressions for the Coriolis mixed quasi parity-
doublet levels are obtained in the second order of perturbation theory, while the
K -mixed core plus particle wave function is obtained in the first order. Expres-
sions for the B(E1), B(E2) and B(E3) reduced probabilities for transitions within
and between different quasi-doublets are obtained by using the total K -mixed
wave function. The model scheme is elaborated in a form capable of describing
the yrast and non-yrast quasi parity-doublet spectra in odd-mass nuclei.

1 Introduction

The presence of qudrupole-octupole degrees of freedom in the odd-mass nuclei
and the coupling between the even-even core and the odd nucleon lead to the
appearance of a quasi parity-doublet structure of the spectrum [1,2]. It is con-
sidered that the mutual disposition of the parity-doublet counterparts (states with
the same angular momentum and opposite parity) depends on the qudrupole-
octupole motion of the core. At the same time the rotation behaviour of the
energy levels with increasing angular momentum is influenced by the Coriolis
interaction between the core and the single particle (s.p.).

Some years ago a collective model assuming coherent quadrupole-octupole
motion (CQOM) was developed and applied to the yrast alternating-parity bands
in even-even nuclei and quasi parity-doublet spectra in odd-mass nuclei [3, 4].
Recently the model scheme was extended to non-yrast quadrupole-octupole spec-
tra in even-even [5] and odd-mass [6, 7] nuclei. Regarding the odd-mass nuclei,
the further development of this model approach needs to take into account the
complicated character of the interaction between the collective modes and the
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s.p. motion in the case of quadrupole-octupole deformation which so far was
considered on a phenomenological level.

The purpose of this work is to extend the model scheme in microscopic di-
rection by coupling the collective CQOM vibration-rotation modes in the core
to the one-quasiparticle (q.p.) states corresponding to the odd-nucleon motion
and described within the reflection-asymmetric deformed shell model (DSM) [8]
with pairing interaction of BCS type. In this framework the collective CQOM
formalism and the intrinsic DSM+BCS approach are combined in conjunction
providing a possibility to describe the yrast and non-yrast quasi parity-doublet
sequences in odd-mass nuclei on a deeper microscopic level. The proposed
model mechanism suggests a strong coupling between the coherent quadrupole-
octupole vibrations and the intrinsic q.p. states in the formation of excited quasi-
doublet spectra. It is considered that the core induces a reflection-asymmetric
deformation in the s.p. potential which leads to the appearance of parity-mixed
s.p. states, while the total core plus particle wave function has a good parity.
In [9] it was shown that the model wave function can be taken in a way that the
mixed parity of the s.p./q.p state is projected on the fixed parity of the collective
state providing a good parity for the total model state. On this basis a preliminary
work on the connecting of the CQOM model to the DSM+BCS approach was re-
cently done in [10]. In the present work this unified model scheme is completed
in a form providing a fully microscopic description of the Coriolis decoupling
and K mixing effects in the energy levels and B(E1), B(E2) and B(E3) reduced
transition probabilities in the quasi parity-doublet spectra.

The paper is organized as follows. In Sec. 2 the structure of the total model
Hamiltonian based on CQOM and DSM with pairing and Coriolis interaction
is presented. The separate solutions of the collective and s.p./q.p. parts of the
model are given also there. In Sec. 3 the core plus particle coupling scheme
is described. The unified model solution for quasi parity-doublet spectra with
microscopic Coriolis interaction is also given there. In Sec. 4 expressions for
the model energies and B(E1)-B(E3) transition probabilities between K -mixed
doublet states are presented. Also, the possibilities for future applications of the
model scheme are discussed. In Sec. 5 concluding remarks are given.

2 Model Hamiltonian

The Hamiltonian of quadrupole-octupole vibrations and rotations coupled to the
s.p. motion with Coriolis interaction and pairing correlations can be written in
the form

H = H@.p. + Hpair + qu + HCoriol~ (1)

Here H;, is the s.p. Hamiltonin with the Woods-Saxon potential for axial
quadrupole, octupole and higher multipolarity deformations [8], while Hp,,
is the standard BCS pairing Hamiltonian [11]. Hg, represents oscillations of
the even—even core with respect to the quadrupole ((2) and octupole (33) axial
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deformation variables mixed through a centrifugal (rotation-vibration) interac-
tion [4]
n? 92 n* 92
Ho = s 53 "5 55 1 2
qo 232 aﬁ% 233855 +U(627ﬂ3» )7 ( )
where

W 2
1 1 do+ 12 -1,
U(B2,Bs,1) = 502522 + 503532 + 5 0 3)

(d233 + dsf33)’
and I and I are the operators of the total angular momentum and its third pro-
jection, respectively. Here By (Bs), Co (Cs) and do (ds3) are quadrupole (oc-
tupole) mass, stiffness and inertia parameters, respectively, while dy determines
the potential core at zero angular momentum. The last term in (1) represents the
Coriolis interaction

(Ij-+1jy)
2(do35 + d3f33)

where fi = fm + z'fy and j’i = jw + zjy are the spherical components of the
total nuclear and s.p. angular momenta, respectively. The quantity J (32, 33) =
(d233+d3(33) can be associated to the moment of inertia of an axially symmetric
quadrupole-octupole deformed shape.

The s.p. Hamiltonian is diagonalized in the axially deformed harmonic os-
cillator (ADHO) basis |[Nn,A(?) and the wave function for the odd particle is
obtained as [8]

“4)

HCoriol = -

Fa= Y CR.alNn.AQ), (5)
Nn.A

where €2 is equal to the z-projection K of the total angular momentum /. The
obtained s.p. state is with mixed-parity and the wave function Fx can be divided
up [9]

Fe= Y Fe=rD 1+ FQ, (©6)
Trsp::tl

where FEF) contains the positive-parity components, while F ;) contains the
negative-parity ones with g, 7| %) = i]-'g[). (Here 7 is the s.p. parity opera-
tor.)

The pairing effect is taken into account through a BCS procedure for Hp,ir
[11] with constant pairing interaction applied to the DSM s.p. levels. The pairing
constants G, ,, for neutrons(n)/protons(p) are taken in the form [13] (see page
311):

N-—-Z
Gn/p = <90:F91 A )/A7 (7)
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where the parameters go = 17.8 MeV and g; = 7.4 MeV are taken as in [12].
The BCS procedure is applied, as suggested in [13], within energy windows in-
cluding (15 N)!/2 orbitals for neutrons and (15 Z)'/2 orbitals for protons below
and above the Fermi surface. The phenomenological value A = 12 - A~1/2 and
the energy of the last occupied orbital are used for the pairing gap and the chem-
ical potential A, respectively, at the starting point in the numerical solution of the
gap equation. In this procedure the orbital occupied by the single particle should
be blocked. The one-q.p. energy is obtained through the s.p. energy ESIP( as

el = \/(EE —X\)2+ A2, (8)

The q.p. energies efp are eigenvalues of the Hamiltonian Hy, = Hyp + Hpgir.
Then the s.p. wave functions Fx, (5), transform to the wave functions of the
BCS q.p. states. The matrix elements of s.p. operators (such as j+) between two
one-q.p. BCS-states are related to the matrix elements between the correspond-
ing s.p. states by factors involving the BCS occupation amplitudes (see below).
Then one can write

H = qu + qu + Hcoriol - )

The core Hamiltonian H, is diagonal in the collective rotation space and the
potential (3) can be taken as [3]

X(I)
dof33 4 d3f33

with X(I) = [dop + I(I + 1)]/2 and K = 0. After introducing ellipsoidal
coordinates 32 = pncos ¢ and B3 = gnsin ¢, with p = \/d/ds, ¢ = +/d/ds,
d = (d2 + d3)/2 and by assuming coherent quadrupole-octupole oscillations
with a frequency w = /C2/By = \/C3/Bs = \/C/B, the spectrum of Hy, is
obtained in the form [3]

Boi(I) = hw [zn +1+VE T+ bX(I)] : )

where n = 0,1,2,..., k = 1,2,3,... and b = 2B/(hd). The quadrupole-
octupole vibration wave function is

7y (0, 8) = VL ()i (), (12)

1 1
U(B2,83,1) = 502522 + 503532 + (10)

where the radial part

I _ 2cl'(n+1) —en?/2( ., 2\s 728/, 2

involves generalized Laguerre polynomials in the variable  with ¢ = v BC/k
and s = (1/2)/k? + bX (I). The angular part in the variable ¢ appears with a
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positive or negative parity, 7, = (=£), of the even-even core as follows

ﬁ
\
)

@ZC:H)(@ _ cos(ko) k=1,3,5,..., (14)
@ZC:(_)(QS) = 2/71' sm(kaﬁ) 5 k - 274767 vee e (15)

In [4] the Coriolis term (4) was incorporated into the potential (10) by extending
X (I) for the case of odd nuclei with K = 1/2 as

X(I,K) = % do+ I(I +1) — K* + mad 1 (1)1 <I+ %ﬂ . (16)

Also, in the odd-mass nuclei the total angular momentum [ includes the odd-
nucleon momentum and therefore takes half-integer values. In [4] the decou-
pling factor a was taken as a fitting parameter. Below the microscopic contents
of the Coriolis interaction will be completely taken into account.

3 Core Plus Particle Coupling Scheme

The eigenfunction corresponding to the Hamiltonian part Hg, + Hy, can be taken
in the form [9]

1 21+1

\II:LkIMK(n:¢)2m W(1+R1)D{MK(9)(1+7FP)‘I’Z7;1(7I,¢)7K, (17

where N is a normalization factor determined below and DI, .- (0) is the
Wigner rotation function. The core function ®75 (1, ¢) is given by (12). P =
¢ - Tsp 18 the operator of the total parity with eigenvalue 7 (7 = 7. - 7). The
operator R represents a rotation by an angle 7 about an axis perpendicular to
the intrinsic z-axis. The actions of R; and 7, on the respective parts of the

wave function are

RiDy i = (=)D e, Ri®p = me®hy, (18)
RiFx = For, fpFx =Fg) —Fi . (19)

The core parity 7. is fixed so as 7. = (4) for the doublet counterparts with
©T () [Eq. (14)] containing the ground or bandhead state (states shifted down),
and m, = (—) for the counterparts with ¢~ (¢) [Eq. (15)] which are shifted
up. The operator (1 + 7r]5) in (17) projects out the component fg) or fg)
from Fp, providing a good total parity of the states in the split parity-doublet
spectrum. Thus, if the lowest (ground or bandhead) state of the doublet has a
positive total parity, 7 = 7° = my, = (+), the projected component is h,
while for a negative-parity 7 = 7’ = 7y, = (—), the projected component is
fg). Therefore, the wave function (17) can be characterized by the parity 7
of the considered doublet state and the experimentally determined parity of the
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bandhead state 7° = 4 on which the parity doublet is built and with respect
to which the DSM wave function (5) is projected. By taking the action of the
operators in (18), (19) and the condition for a good total parity 7 = . - 7° (or
7. = m - w?) the function (17) can be written in the following simplified form

- 1 2041
Ui (0 ¢) = N W(I)nkl (7, 9)

X |Dh g OFF + 77 (1) KDY, o (@F )] 20)

Here the index b labels the ground or the excited bandhead state as a member
of the DSM s.p. (or q.p.) spectrum, while ]—"](fb) = ]—"]((i) are the respectively
projected components of the s.p./q.p. wave function. (In the CQOM notations
the considered bandhead states are labeled by the quantum number n = 0,1, 2,
i.e. we have a unique correspondence between b and n.) The normalization
factor in (20) is

Ny = [<f§§b)|f§§b)>} . @1

and the orthonormalization property of the wave function (20) reads

py ﬂ,b' m,m? 1 ,
<\I’nf}gpr'Kl,/ \I’n}dMKy> — (Snn/ékk/(;]p(;MM/(SK,,Kw 5(1 + ' wo? )
Pk Kk, <ny, (=) }fKu (Trb)>. (22)

>< —_—
Nk, Nk,

The quantity Pk ,x, = Uk, Uk, + Vi, VK, (with Pk g, = 1) involves the
usual BCS occupation factors coming from the pairing interaction, i.e. after the
q.p. states corresponding to the wave functions (20) are considered (as men-
tioned after Eq. (8)). Hereafter the occupation factor Pk , i, will be considered
in all matrix elements and/or scalar products involving the functions (20).

It should b/e noted that in the case of mixed parity (33 # 0) the overlap inte-
gral <}-Kw (n® )|FKU(”b)> is not zero for different s.p. states (v # v) contrary
to the case of a good parity. This is due to the circumstance that the projected
parts of the q.p. wave functions do not contain the complete set of expansion
components appearing in (5). Nevertheless, the orthogonality of the wave func-
tion (20) for the states belonging to different doublets, i.e. states built on differ-
ent s.p./q.p. states is provided by the orthogonality of the collective quadrupole-
octupole part of the wave function through the Kronecker factor d,,,,-. Also, the

factor (1 + 7’ 7rb7rb/> does not contribute to the orthogonality of states having

the parity of the bandheads (one may check different combinations of the pari-
ties in this factor), and again the orthogonality is provided by the factors d,,,,/ dxx
coming from the collective part of the function.
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In the case of a good s.p. parity (83 = 0) the total wave function (20)
b
includes the full s.p./q.p. wave function .7-}(: )= F k. The overlap integral

<]:KV/ (= )’]—'KV(”b)> in (22) gives 6,6y and then one has

b

7T/ s ! T 7l'b 1
(U oatr s, Wit e, ) = O e O110 00 O, i Bonr Do 5 (147, (23)

The orthonormality in (23) is provided by the both, collective and s.p. parts of
the wave function.

The Coriolis Hamiltonian (4) can be diagonalized through the contact trans-
formation [14] or treated by the perturbation theory in the basis of the wave
functions (20). The result is obtained up to the second order in the following
form, which is pre-defined for an intrinsic state with a given quantum number
K, on which the parity doublet is built:

1 1
HS = —— (—1)I+1/2 (I—l——)a Op, 1
= 7 ) /0
~(7Tb) (I) 2
1 [k (D)
o 2 Z K : 7, @
RIGn B e
(Ku=Ky+1,}
where
b
VI EK)T + Ky + Dall e, Ky = Ky + 1
Trb ‘ﬂ'b
ay e (1) = VITE)I - K+ Dalf s K, =Ky —1 (25
b
7r-7rb(—1)(l"'%)a(f_)l , K, =K, = % )
27 2
with the Coriolos mixing factors defined as
x® Pk K, 7Y A P
U, = T e ) (26)
_ Prk, (7Y 5| ()
= m<]:1(,, \Jf|ny, )-
The decoupling factor ay /5 is
arjs = wmpal™), @7)

where 7, = = is the parity of the doublet bandhead (or ground) state and 7 is the
total parity of the given state with angular momentum /. The sum in (24) runs
over q.p. states with energies ¢~ above the Fermi level. Since the operators
j’i do not change the parity, the K-mixing factors (26) connect the considered
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bandhead state with the projected parts of the s.p./q.p. states in the sum of (24)
which have the same parity 7, (see below). In the case of a good s.p. parity
(27) and (26) reduce to the standard decoupling factor and K -mixing matrix
elements, respectively.

Now the rotation factor X (I, K), Eq. (16), can be replaced by

1 1
X(I,Kp) = 5 do+I(I+1)— K2+ (-1)t2 <I+ 5) aidp, 1

! 51, (DI
T 572 2 SR BV 08
2‘7(527ﬁ3) UZ#) GKV — GKb ( )

(K, =Ky+1,3)

Then the general Hamiltonian (9) is redefined in a form where the angular mo-
mentum factor X (I) in (10) is replaced by the above microscopically determined
term X (I, K). In such a way the solution of the s.p. problem for the odd nucleon
and its influence on the collective motion through the Coriolis interaction is in-
cluded into the centrifugal part of the collective problem for the potential (10).
The solution of this problem is not straightforward due to the deformation depen-
dence of X (I, K) through the factor 1/[27 (32, 33)]. However, we remark that
in (28) this factor is joined, through (26), to the matrix elements (F, |j | Fi).
The latter depend on 35 and (3, which enter the DSM procedure as parameters.
Then one can suppose that in (28) both, 1/(2.7) and (Fi,|7.|Fz), depend on
the same fixed set of deformation parameters (39, 39). In this case the factor

A=1/2T (B2, 83)] =1/12T (83, 53)] (29)

is a constant, which in the simplest approach can be treated as an adjustable
parameter. In such a case the explicit deformation dependence of the kinematic
factor (28) is removed.

By solving the problem under the above conditions the eigenfunctions of
the general Hamiltonian (9) corresponding to Coriolis perturbed/mixed parity-
doublet states built on a q.p. state with K = K, are obtained in the form

~_ b 1 b b
™, _ T I T
lI}nkIMKb - N \Ijnld]\de + § : CKVKb\IjnkU\iKV ) (30)
Ky v#b

(K,=Ky+1,1)
where the expansion coefficients are given by

ek, ()

a
Ch o, = Ao s 31)
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The normalization factor N K, in the Coriolis perturbed function (30) is given by
T2 T m,m? T,
Ni, = <\I’nk1MKb |‘I’nk1MKb>

=142 Z Ck, K0k, % <.7:Ku(7rb)|}.Kb(Trb)>

Ky
2 N VNKb
(Kv=Kp=7%)
- > > Cr,, k,CK,,K,0K,, K,,
v1#b va#b
(K, =Kp+1,1) (Kuy=Kp+1,1)
Py, K b b
SQL.CLC <]—" )| £, <”>>. 32
Nk, Nk, o o

In the case of good parity (53 = 0) the overlap integral <5’-' Ku(”b) |]—' Kh(“b)>
gives d,, which together with the summation condition v # b makes the first

term in (32) zero, while the last term is reduced to 9,,,, which lifts the second
summation and thus one has

Ni, =14+ Y Chk r,- (33)
v#b
(K,=Kp+1,3)

4 Energies and Transition Probabilities

4.1 Energies

According to the formalism developed in the previous section the unified model
expression for the energy levels of a quasi parity-doublet built on a Coriolis
mixed q.p. state with angular momentum projection K has the general form

Bnp(I, Ky) = 5 + hw [Qn +1+\/k2+bX(1, Kb)] ; (34)

where the term X (1) in the CQOM expression (11) is replaced by X (I, K from
(28) and €% is the q.p. energy obtained by DSM+BCS. The expression (34)
suggests that the quasi parity-doublet bands can be considered as the result of
collective quadrupole-octupole rotations and vibrations superposed on the top
of s.p./q.p. excitations. On the other hand, it can be assumed that the excited
doublet levels have a completely collective rotation-vibration origin described
by CQOM. This means that the Ko energies in (34) can be discarded, while the
collective levels still remain coupled to the q.p. excitations through the Coriolis
mixing factors entering X (I, K') in (28). Such an assumption is made in the
preliminary work on this approach done in [10].

In all cases the structure of the model quasi parity-doublet spectrum is ob-
tained by (34) by considering different rotation-vibration modes characterized
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by the “radial” oscillator quantum number n = 0, 1, 2, ..., and pairs of odd and
even values of the “angular” quantum number £, k‘ffr) and kﬁf) (kﬁﬁ < k;gf))
labeling the opposite parity states (with I* =half-integer) within a given dou-
blet. The yrast doublet with n = 0 is coupled to the ground state, while the
non-yrast doublets with n = 1,2, ... are coupled to higher q.p. states deter-
mined in the DSM+BCS model. For given n the k-values are determined so that
k= kST for I™="" and k = k) for I”:_”("), where (™) is the experimen-
tally observed parity of the ground state (n = 0) or the excited doublet bandhead
(n > 0). The difference between £ and £ generates the splitting of the
parity-doublet. It should be noted that coherent quadrupole-octupole oscillation
modes with n > 0 were used to describe the non-yrast alternating-parity bands
in even-even nuclei [5] and quasi parity-doublets in odd-mass nuclei [6,7].

As mentioned below Eq. (20) the index n also labels the different q.p. states
to which the different doublets are coupled. This imposes the condition that
the signs of the average parity in the ground and excited q.p. states obtained
in DSM correspond to the parities of the respective experimentally observed
states. Another important condition is that the third angular momentum projec-
tions K = K™ (n =0, 1,2, ...) obtained in DSM for these states also coincide
with the experimentally estimated ones or with those assumed in the collective
part of the model. These conditions together with the requirement to obtain
appropriate values for the Coriolis decoupling and K -mixing factors entering
X (I, K) in (34) impose a number of limitations on the possible quadrupole and
octupole deformation values (3, and 33 which can be used in the DSM+BCS cal-
culation. The choice of these deformation parameters is crucial for the present
approach. One possibility is to obtain the solutions of the DSM+BCS problem
on a net in the (82, B3)-space and get the deformations which provide the appro-
priate K -values for the ground state and the excited bandhead states and give,
at the same time, the best description of the spectrum including the Coriolis
decoupling and K -mixing effects. A more sophisticated possibility is to deter-
mine 2 = B9 and 33 = (3) from the collective model before using them in
DSM. For this reason one can try to obtain their average (“dynamical”) values
from the CQOM solution for the even-even core. This is not so straightforward
because of the pronounced softness of the shape in the assumed regime of coher-
ent quadrupole-octupole motion. Beyond the coherent limit of the model, one
can get the values which provide a minimum in the (82, 53) potential (3) after
numerically solving the two-dimensional quadrupole-octupole problem [15]. In
both cases the use of the so obtained “collective” estimations for the quadrupole-
octupole deformations in the DSM+BCS part of the scheme is a subtle task
which requires a careful determination of the collective model parameters, espe-
cially the parameters of the potential (3), in conjunction with the characteristics
of the odd nucleon motion (K -values, average parity, Coriolis interaction). In
the preliminary work [10] the 32 and 33 deformations for the DSM procedure
are essentially determined by examining the evolution of the s.p. characteristics
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in the quadrupole-octupole space. This seems to be a reasonable starting point
in the prospective application of the formalism.

4.2 Transition Probabilities

By using the most general Coriolis mixed wave functions (30) one can calculate
B(E)) transition probabilities (A = 1, 2, 3) within the yrast and non-yrast quasi-
doublet bands as well as between the different bands. The relevant formalism
was originally developed in [3, 4] and further extended to the non-yrast states
of even-even nuclei [5]. In this work we use the formalism of [5] and below
develop it in the case of the Coriolis mixed quasi-doublet states (30).

The electric multipole operators are

2241
M, (EX) = A0 QAOZD A=1,2,3; u=0,=+1,...,+\. (35)

The explicit form of the operators Qo is given by Egs. (31)—(33) in [5]. The
matrix elements for the F'1, £2 and E3 transitions between the unperturbed
states (20) are obtained in the form

UVL(EN) = (W57 1 e, (0, DIV (BN e, (1, 0))

7o f i
KfKiU:}q )|7"§<,; )

-n Iy Ky
= R/\,NCIiK,i)\(KffKi) Nk, N,
x [1- 7 pmtl (—1))‘+Kf+K'i] ) (36)
where
~ 1 20 +1 2L+ 1 gpmp pwp ol s mt
=z : 37
foan =3 \/47r(4 —305,1) \/21f 1t ’ Gn

with C/y/"% . being the Clebsch-Cordan coefficient and

wp,mlF s T, T bi 7r s T
w00l 99 oo, G

The two-dimensional integral (38) is factorized into radial () and angular (¢)
integrals the explicit analytic forms of which are obtained in [5].

In the case of good parity (33 = 0) the overlap integral in (36) gives d; s and
the transition matrix element between the unperturbed states becomes (see also
the text above Eq. (23))

(IMLL(EX)]) = Ry ,Ci" 51 Srci K, 0
Iz = ALY L ROANK - K;) VK KO f
X [1 — 7rf7rbf7ri7rb”’(—1)A+Kf+K"] . (39)
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The matrix element (39) allows transitions between states only belonging to the
same doublet built on the same s.p./q.p. state. This is the situation considered
in the previous applications of the CQOM approach to odd-mass nuclei [4, 7]
(see Eq. (13) in [7] and the related text). This restriction of the model scheme is
removed below by taking into account the Coriolis K -mixing effect.

The matrix elements of the electric transition operators between the Coriolis
perturbed states (30) with initial quantum numbers n = n;, k = k;, I = I,
K = K; and final quantum number n = ny, k = kg, I = Iy, K = K are
given by

Tl erf T4, T bi 1
<\Il";kf1foKf|M (E)‘)N/n LMK 7R>\,M§ by by
Nk, Nk,

wlf i
Py, \F NFED)

I+ K
X [1—|—7Tf7'('¢(—1))\] 6KfK CIfKJ;\O

Nk, Nk,
Trf) (Tr’)
Pk, (FR1FE)
I K f
+ Ol 5x 5, O k.
LK A0 ; KiK, UK, K, N NKV
(K, =K;*+1,3})
7)) (wbi)
Py K'<]:( |For )
CIfK 5 ch v B\ K, K,
I, K; N0 l; K. KUK, K, NicoNi,
(Ky=Ks+1,
1K,
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x CL Cl ” . (40
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The B(E)) transition probabilities between initial (i) and final (f) model
states (30) belonging to the same (n; = ny) or different (n; # n ) quasidoublets
are determined by

B(E\; wind [ K; — TrbfnfkfIfo) =

1 Tog,mbi T, 2
oI +1 Z <\Ijnz}f7I7M,K, (nv¢)’MM(E)‘)’\I}n;kiIiMio(n7¢)>) . 4D
g MiMf/J,

After carrying out the integration over the rotation part in (41) one obtains the
B(E\) transition probabilities in the form
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1 20 +1
~ 44m(4—36x1)
x R3(nbnk;I; — Wb‘fnf]fflf)(sﬂ_bfﬂ_bi 1+ 7|'f7r1-(—1)’\]2
P <f(”bf)|f(ﬂbi)>
1 CIfo KfK’i Kf K;

X =——=— (SK K,
2 2 I K N0 N N
NKfNK,i KpiVK;

B(E\; wind L K; — benfkfIfo)

xf wbi
i, AFi V)
Nk, Nk,

Iy Ky I
+CIin)\O E : 0k, Ok, i,
v#i

(K,=K;+1,%

70F) | (mbi)
| P, i, (FEIFE)
I K, i =
+ CI;fKMO Z 6KVK7:CII<uK.f Ni, Nk
< v i
(Kv=K;+1,1

Iy K, i
+ E E (SKV//KV/CI%-KV/)\KVH*KV/

v''£f v/ #i

(Ku//:Kf:tl,%) (Ku/:Ki:tl,%)

b bi 2
Pr, i, (FE D IFED)

NKuN NKul

% Cie i, Ch i, (42)

In the good parity case 33 = 0 one has

1 2a+1
© 44m(4—36x1)

x R3(nbnk;I; — Wb‘fnf]fflf)(sﬂ_bfﬂ_bi 1+ 7|'f7r1-(—1)’\]2

B(E\; wind L K; — benfkfIfo)

1 .
X T2 o | KOst Crlicho + Crli hoCle i, + CllroChk,
KK,
2
+ > Ol Clor,| - 43)
v#£fi
(Ku=K;+1,K;+1,1)

It is seen that the term on the third line of Eq. (42) and the first term in
the third line of (43) correspond to the unperturbed parts of the wave functions.
However, the terms on the fourth and fifth lines of (42) and the second and third
terms on the third line of (43) provide a first order K mixing effect connecting
model states whose doublet bandheads differ by AK = | K¢ — K;| = 1. Further,
the last terms in (42) and (43) involve a second order mixing effect connecting
states with AK = 2. Therefore, the transition probability expression (42) pro-
vides a possibility for the description of various kinds of transition probabilities
within and between different quasiparity doublets in the spectra of odd-mass
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nuclei. Thus, the formalism developed in the present work provides a com-
plete collective (CQOM) plus microscopic (DSM+BCS) model framework for
description of quadrupole-octupole spectra in odd-mass nuclei with a consistent
and fully microscopic treatment of the Coriolis interaction.

5 Summary

In summary, a quadrupole-octupole core plus particle model scheme is proposed
for description of yrast and non-yrast quasi parity-doublet spectra in odd-mass
nuclei. The even-even core is considered in the CQOM model, while the odd par-
ticle is described within the reflection-asymmetric DSM with pairing. A Cori-
olis mixed particle-core coupling wave function providing a good parity of the
total system is constructed. Within this scheme the yrast and the non-yrast quasi-
doublet states appear as collective quadrupole-octupole rotation-vibration modes
coupled to the ground and some higher quasi-particle states. The approach al-
lows a fully microscopic calculation of the Coriolis decoupling/ K -mixing ef-
fects in the quasi parity-doublet spectra and the attendant intra and inter-doublet
transition probabilities. The test calculations and the systematic application of
the approach in different regions of odd-mass nuclei is the subject of further
work.
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