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‘ Introduction
Baskat M.H., Yepueit M.H., [laros H.,H. E4-8265 ! .- S . - .
' The present paper is a continuation of the discussion of rotatio-
Hromrpnaaunouuule sPexTL BO BpamaTEeMLHOM ABHAKEHHH HENOTHELIX nal states of odd-mass nuclei in the framework of the nonadiabatic
aromusix saep. I 'co:z;‘zxngmmmﬂble CBOficTBA BpamAaTeImHEIX model /1,2/ . In the preceding parts of this series the method for
SAHHN . . . . . < . . . .
: v ’ the description of polarization effects induced by the residual inte-
HccnenoBaHbl 2/1leKTpOMAarHuTHEIE CBOMCTBA BpamaTeNsHEIX COCTOaHui 'A ‘ raCt'9ns has been. formulated and the ana'ys'.s of Strong.ly perturbed
B. HeWeTHEIX ATOMHBIX gapax, HCHOIL3ys HeaauabaTHYeCKYyl0 BpawmaTelbHYl MO- : rotatlonal bands - in Odd-N rare-earth nuclei has been carried out.
ﬂiﬂ:. QPazeB;xra npollelypa HePeHOPMHPOBKY KOMIEKTHBHLIX nmapamerpos J ,1 Nonadiabatic treatment Of the rotation of odd—mass nuclei is
R gn“o';z:f?;‘;‘;‘;‘::::f:;rg°::’::;Zﬂggme:_f'ﬂpﬂ*eﬂ"e ansi meperopmu- | i based on the collective parameters of the even-even core (moment
ydeToM B3auMonaeiicTeug i S 1 e p H H : H 1 H
Kopuonunca, I[IpoBeaen ananna sxcnepnmeﬂranbum;ﬁ OAHHEIX B pane aTOMHEIX : of In'ertla J collective gyromagnet'c 'fat'o g%. and m?r'lns!c
sinep. ‘ : quadrupole moment Qg ). The corresponding effective quantities in

odd-mass nucléi can be calculated in the model taking into account .
the coupling of an odd particle to the rotation and vibrations of the
_ core. Among vibrational modes the i+ states play an important ro-
Coobmenne OObeIMHEHHOrO MHCTHTYTA SEPHHX MCCIefoBamui _ : le. The coupling of an odd particle to the I+ states results in the
[y6ua, 1972 o ~ well-known spin polarization effects /3/(renormalization of ¢« fac-

, tor in magnetic moments). The spin-dependent and centrifugal inte-

paznat M.I e Lo A : ractions of an odd particle with the particles of the core lead to the
-I., Chernej M.I., Pyatov N.I. © EA-6265 renormalization of the Coriolis force. A satisfactory description of
strongly perturbed rotational bands cannot be achieved without the

_Polarization Effects in the Rotational Motion ‘

of 0Odd-Mass Nuclei L account of polarization effects.
1II.Electromagnetic Properties of Rotational ‘ The rotational states are described by the wave function -/ 1/
States : '
Electromagnetic properties of rotational states in IM> = %( C'K | IMK >, (n

odd~mass nuclei are investigated employing the nonadiaba- ( '
tic rotational model developed in the preceding parts of ' where €, are K -mixing amplitudes of intrinsic states and
Ezéiiszrizi;mﬁée eql}]atio?s for the renormalifation of col+ . . | TMK > th_e normalized and syrr}metrized adiabgtic wave!functiops.

p eters '/, g% and @, of the even-even core in : The energies of the corresponding states are given by the equation

odd-mass nuclei are given. The general equation for the ef

gicttze spig gyrgmagnetic factor g:” including tﬁé<éffec£s \

of the spin polarization and Coriolis coupling is C ‘ : ‘ ' ‘
—— e . - —— e . N : | , | ‘ 1

obtained. The analysis of experimental data in a number of] | &) =% (C")z 6”‘ s57 90 (@)

rare-earth nuclei is carried out. . ' K - -
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“where &k are the energies of intrinsic states and the spéctral
function ¢ (1) is defined as '

‘g(1) = 1 (1+1) = (CkP? K2 + ("2 (h12)a01) (3)

The generalized decoupling parameter a(/) is expressed through
the diagonal matrix element of the Coriolis force operator H.
1+1/2

a(1) =(=)""2 (11725 20 <M HG L I >

" The effecti\;e moment of inertia of an odd-mass nucl‘eu4s Can’
be defined as follows o , O

1 [“1 ~ Sk (_)I+1/2 e 1= (‘5(l+1)r'(‘5(l)’

. LiEs 4
27 e "2(1+ 1) “

where a,, s the singl_e—partii:le decoupling parameter. Insert-
ing (27) in eq. (4) one obtains - ' ‘ :

&(1+1) =8&(1) 1

1+1

- = s 6. 0(c. )% =
2(0+1)  2(1+1) K
' ' (5)
ST ES RN S Ny S PRSP I
2(1+1) 2J

The first term of the right-hand side of eq. (5) represents the con-
tribution to the effective moment of inertia from the rearrangement
of the intrinsic spectra. The second term comes from the rotatio-

nal energy. The former plays an important role in strongly pertur-
bed rotational bands as will be shown below. '

~In the subsequent sections we discuss the electromagnetic
properties of rotational states.

4

Magnetic Moments of Rotational States

in the Bohr s rotational model the magrietic dipole operator
for an odd-mass nucleus is written in the form

>

P=gSR+qg s +9l, (6)

where R is the collective rotational angular momentum and s
and ¢ the spin and orbital particle momenta, respectively. The
magnetic moment of the nucleus in the state | IM> is defined by

<M 2T} IM >

#r = T+ 1 . ’ (7)
Using the formalism of ref/ 1/we obtain i ,
- o ;
ﬂ-’=TT{(Q%—QE)G(I)’+QEI(I+1)+
» ) ‘ > > ' (8)
+(g_—gp) <M ST IH> } ,
where : /
G(l) = 1(1+1) -2 (c;)th
K
(9)

2172 (=)H2 (1 012) al)

The matrix element<i¥| sI” | IM> reads

u l+
K

<IM]STUIM> =3 € Ch.(u,
K., K’ :

K " K

sveve ) 18 K <Kls K> R (KK”) +

s o 1s® RU(K,KT) x
4 r=x KK o



x (S gV (I=K)(1+K +1) 48,7 _; x

x7 vV (1+K) (1=K+ 1)) +3x1/2 8kra/2 % (10)

1+€+1/2 r)

x(=) (1+1/2)s5) ROk, K70 1)

It includes the effects of the Coriolis coupling as well as polariza-
tion effects from the spin-dependent and centrifugal residual forces.
The smgle particle matrix element <Kj sz| K> isrenormaiizedby
the spin-dependent force alone and the corresponding renormaliza-
tion factor R, (longitudinal spin polarlzatlon) was calculated in
ref. /3/ . The matrix element s{Z}- (for the definitions see
ref./1/ is renormalized by both the spin-dependent and centrifu-
gal forces. The renormalization factor R%) . (transverse polari-
zation) reads

~

. e (i)
A R 1 S

(i) Sy
Ro (K,K’) = NK NK'
1+« SCi),

KK

(i)

K Sk’k i ki [ J (1)
1 +x § S<’.,)K a(;i(, 1 + « 'S(I’J(f
) I 1 Xk 'k
X + — - — 11
24+ Jey T+« SK'K 2J + "K”_(

In adiabatic approxnmatlon eq. (8) takes the well-known form (see,
e.g., ref. /4/ )

E-

i N S—

I‘l.'"‘"

. ef f : '
oy t(gR -9Q)GK(”+9EI”+” oo
(12)
+(g:fr,_gz~)<le(<|-§'r’|tMK> i, R
“where
G (1) = 1(1+1) =K £ 1/28, ), (<)#1/2 (141/2)a |
: (13)
C<IMK|STIIMK > = K <K s |K> +
+1/28g 1/ (=) M2 172)<K s, | K > . 5 (14)

One can see that both the polarlzatlon and Coriolis coupling effects

in magnetic moments can be reduced to the renormalization of the
parameters g% and g_-. The quantity g¢¢f , in our approach,
depends on the spin vaIue and canbe calculated from the equatlon x/

et _ (a0 _ 6 SR
g 9, = (9,-9, )'G T “5)‘_

K

From ‘eq. (15) it follows an obvious difference of 9z " values for
the odd-N and odd-Z nuclei (see Fig. la). For the states of the lo-
west-energy rotational band of a given parity the following estlmate'
| G(I) / G (I)I s1 usually holds that leads to

et S TR o (1)
o) M) s g2 s oy (8

x/ We ‘assume here that the quantity g, is not renormallzed

bbythe forces included in the model.

‘.
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Fig. I. Renormalization of ¢2 (a) and 9. (b) factors in odd-N
and odd-Z nuclei.
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These mequahhes agree qualitatively with experimental data (see, -
e.g., ref./5/) and theoretical estimates /6/ in the cranking model.
. It is easy to obtaln the. approxnmate equatlon for g2 of £ for high spln
states ‘

ef f ~ 0 :
(QR_ =9y N 7 (gR_ge )1 -

‘ 0(”_1.]
2] ) B “7)

. One can see that 9%’ tendsto 9R W|th mcreasmg spln vaIue be-

cause the quantity la(l) |- tends to be saturated for h|gh spin sta- |
tes. - :
The renormalization of the ¢ s factor can be defined by the
following equation o o :
—pm (e g, ) SIMLSTIM> |
<IMK| 3P| IMK > : (18)

eff
gs

Both the polarization and Coriolis force effects are included into
eq. (18). Due to the Coriolis coupling, the effects of the longitudinal
and transverse polarizations cannot be separated. Inadiabatic appro- .
ximation the renormallzatlon of g, is determined by the longitu- -
dinal Rs and transverse R&” polarization factors. The difference
of g:f for the odd-N and odd-Z nuclei is demonstrated in Fig. Ib.
Note that the function G(I) is closely related to the spectral
function g(!) . Hence the expected values of w can be calculated
in the model after fitting the energy spectra ( g3 is known from
neighbouring even-enven nuclei). '

Ml and E2 Transitions wuthm Rotatlonal Band

The MI transition operator is wrltten in the Iaboratory frame
of reference

; 3 '
m (m,u' ) = \/4# (t,,_D,, DR )

with definitions

Doz(gs—gg)sz+(gf'—g£) iy



-— _0 ’( ,
D, = +—-’——[(9,"92) S’++(9g"9R)I 1 +lg, QR)’:),R(U)(K'K )y,

- \/‘2" KK
' (n.=eh/2M c) f where the smgle particle matrixelements s KK / KK andpola-
HN= ) : - rization factors R(?/(K, K*) are defined as in ref./17. It is clear
i ‘that in eq. .(20) the nonadiabatic effects cannot be reduced to the re-
Using the wave functions (1) one obtains the followmg expression for | normalization of g2 and g factors which is determined by egs.
the reduced transition probability (15) and (18), e.i., the effective parameters gx and gg'! calculat-
- ed from observed B(MI) values in adiabatic apprommatlon will dif-

B(MI, 17-1) = -3 1S C' C' i fer from those extracted from magnetic moments.

’ 4n ~ K.K’ : The Coriolis force perturbs the electric properties of rotatio-

B ~ nal states much weaker than the magnetic ones. For the spectrosco-
' ‘ pic quadrupole moment of the nucleus inthestate | I M =1 one ob-

. , : ‘ tains
x(UK Uprt Ve VK,){5KK-,.<I TKO|JIK> x ’ . P

33 (€ ) K =101+ 1)
Q = @ - .
(1+1) (21+ 3) (21)

x[(gs—gg)<K|‘lsz]K'>R0+K (ge —gg)] + ]

: where @, is the intrinsic quadrupole moment whose magnitude is
! (1) ” ’ , close to that of the even-even core (there_ may be some difference
2 [(g, -gg) sKK (K, K ) + . because of the contribution of the odd particle &s well as due to the
2y2 =t coupling of rotation to quadrupole vibrations of the core). The intra-

' : band reduced E2-transition probability may be obtained in the same
i approximation as eq. (2I)..

+

+(gp-gQih RO (KK)] [+ 3 (20)

K’,K+1X 5
. = 2 [ 1. , L

| B(EZ,I—»I):E— ezooiECKCKu.IZKOgIK ~12.(22)

x <171 K+l =T[1K> =8 o fI"TK=T T[1K>1 + ' , /27 .

. ST It was shown in ref. that the branching ratio .B(E2,1-1-2} ‘B(E2,1-1-1)

‘deviates noticeably from the Alaga rule only in rotational bands

tle1/2 strongly distorted by the Coriolis force. Nonadiabatic effectsin egs.

(~) <11 Al - [ s (21) and (22) may be reduced to the renormalization of the Q, value.

2 2 i : But in general the effective valuesof Q:f* , obtainedfrom spectro-

scopic quadrupole moments and those extracted from the B(E2) va-

lues may be different. Moreover, inthe case of strong Coriolis coup-

ling the effective  Q¢ff  quantitiesderivedfrom B(E2,1-1 +1) and
B(E2,1-1-2) are different as well.

8«1/2 K’1/2

X

1 T rl(g —gg)mRm(KK)+
2y2 =t



The intraband mixing ratio 87  andthe crossover-to-casca-
de intensity ratio A, defined by the usual equations

, T, (E2, 151 -1)
87 =

T, (M1, 1s1-1) (23)

T (E2,151-2) 8] (24)

il

i : 2
TY(EZ,IAI-I) 1+5,

are much more sensitive to the non-adiabatic effects. In egs. (23)
and (24) T, is the y -transition probability.

The effective adlabatlc parameter [(g ,~g, ) /Qyl? ‘;¢ canbecal-
culated from the following equatlon
[ _g__'i:___zR__ ]2 _ 1 E)/ (MeV ) )
Qo off 8% 0.287(21+1)(21-2) (25)

1

In the general case this parameter is not constant in the rotational
band.

Details of Calculation and Discussion

For the description of the nuclear average field we use the
deformed Saxon-Woods potential. The method of solution of the Schroe-
dinger equation with such a potential has been dirived in ref./7 /.
The numerical parameters of the Saxon-Woods potential used in our
calculations are given in ref./8 /. The deformation parameter g,
was chosen to be 0.32 for the Gd, Dy and Er isotopes and 0.24 for
Hf isotopes ( 840 was put to be zero). As a rule the calculated
energies are not very sensitive to this parameter /2/. But some-
times the electromagnetic properties of rotational. states strongly
depend on the deformation, as will be shown below for 155G4 .

For each nucleus the static equations for the energy gap A
and chemical potential A were solved (without blocking which is
weakened by the Coriolis coupling). Then the quasiparticle spectra
and polarization factors R, R(ﬂ and R(UJ were calculated (with-

12

£
[kev] |. '1/2ae

16
14

12

10

5/2 9/2 13/2 17/2 21/2 25/2 I

Fig. 2. Calcuiated effective inverse moment of inertia 1/2J *ff
(sohd llne) and the quantity 6 g(1) (eq. (26)) (dashed line) versus
spin value in the ground band of 767Dy . Experimental values /21/
are given by open circles.

I3



out blocking, too). The Coriolis force. matrix was diagonalized in
a restricted space of quasiparticle states (usually about 7-10 sta-
tes of the same parity, connected by the large matrix element j{7).;
some extention of the space leads to a small renormalization of
the rotational parameter 1/2J ). '

It has been noted in ref. /2/ that in the case of strong Coriolis
coupling the spacing among low-energy states of rotational band
depends much stronger on the intrinsic spectra (or the A value in
our model) than on the value of the rotational parameter 1/2J
Indeed,the rearrangement of the intrinsic spectra brings an essential
contribution to the effective inverse moment of inertia 1/2J =
(see egs. (4) and (5)), as is demonstrated in Fig. 2 for '¢'Dy . The
contribution of the rotational energy :

5g(1) = " L 1gi1)-g(1)]
200+1) 2 (26)

does not exceed 30-40% of the total 172 J *'*. in many states of the
rotational band, that explains the relatively weak dependence of the
rotational spectra on the value of 1/2J

The isospin-dependent strength parameter « of the spin-spin
residual force/1/ has been determined from calculations of magne-
tic moments and comparison with experimental data. The dependen-
ce of p, on parameters « and g2 is shown in Fig. 3 for the
ground state of '¢’ Dy . Systematic calculations of magnetic moments
in many odd-mass nuclei have shown that the quantity « can be
chosen in the form : N-2z

x = L5 — [Mev ] . (27)

The strong isospin-dependence of «  leads to the conclusion that
the isovector part of the re:idual force gives the main contribu-
tion to the spin-polarization effects (see the discussion in ref./9/),
Eq. (27) is used in all the calculations discussed below.

The intrinsic quadrupole moment Q, is considered as a free
parameter because the large dispersion of experimental values ob-
tained by means of different methods (see, e.g., review articles /70/)
does not allow in many cases, to do the unique choice. Our choice
of the Q, value usually proceeds from the fit of calculations to
experimental intensity ratio A, . It is necessary to emphasize
that when the nonadiabatic corrections in eq. (22) become signi-

14

= t:‘,*’ .

P

e a2

PR RP

A
/‘L_[//"'N
- =0.6 L
I=5/2 -
&R
4 /
—0.16 | / -
] 0.35
-0.2 ; L o . 1 .
0.21 : 0.24 0.27 - 0.30 x [meV}
A
B(ML,7/2%%5/2%) /uy
0.08| v . = &q
Al L L L L z Z Z Z 0.3%
0.06 T—— ey T — T 0.28.
_ 0.25
0.04 - . ! : S an
0.21 0.24 0.27 0.30 K |meV]
|
A
0.8 |
0.6 L
0.4 '~ : e
0.25 0.30 0.35 &g
Fig. 3. The dependence of ;, , B(MI) and XA, on the model

parameters is shown for a few states of the ground band of '¢1Dy .
Experimental data (shaded areas) are from refs, '19,22,23/
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ficant, the value of Qo used in our calculations of A, . may

be noticeably larger than that derived from the experimental
B(E2) value in adiabatic limit/10 /. The difference between our
parameter Qo and the corresponding value in neighbouring even-
even nuclei can occur because the coupling ‘of quasiparticles “to the
quadrupole excitations of the core is disregarded.Collective admix-
tures due to this cou;’)ling are usually small in the low-energy sta-
tes (see, e.g., ref./11/), so that one can hope that they do not af-
fect noticeably the intraband E2-transition probabilities.

The dependence of the B(MI) and A, values onthe parameters

K, goR and Qo is shown in Fig. 3 for some states of the
ground rotational band in "¢ Dy . }

Numerical results for a number of rare-earth nuclei are list-
ed in tables 1-4 ¥ , where are given the mixing amplitudes C} ,
rotational energies, decouplingparameter a(I) values, magnetic
moments p, , effective g*ff factors, transition probabilities and
intensity ratios. On the whole, the calculated quantities agree with
the presently known experimental data. Below we discuss some
results of these calculations. :

I. The consideration of the centrifugal and spin polarization
as well as the Coriolis force allows one to explain the empirical
magnetic moments in odd-mass nuclei, using the 98 factorsclose
to those in the neighbouring even-even nuclei. The calculated g §'f
factors agree well, as arule, with the corresponding experimental
values estimated from the magnetic moments and B(MI) values in
adiabatic limit (see, e.g., refs. /3,6 ). But, as arule, the calculat-
ed g2ff are not constant in the rotational band. This evokes the
strong difference between the calculated . g and those estimated
in adiabatic approximation using the empirical ¢, and g; pa-
rameters (see table I). Note that for high-spin states (1 >>1) the
quantity p,~ g¢¢ff!1 and g¢gf estimated from eq. (I7) becomes
very close to that calculated’%rom eq. (15). The comparative behavi-
our of " ge<ff in odd-N and odd-Z nuclei is shown in Fig. 4 for the
ground sta’%’e rotational bands in '67E; - and 65 Ho .

”7"/ The calculated mixing amplitudes and energies in '“D}/ ,
"’Hf and '77Hf are slightly different from those of ref. /2/
\I/vf;gch Is connected with the change of parameters used in calcu-

ations.

e
;

16

0.5 : 165Ho

0.4 |

1

° T3z 7z 117z 1572 12 oz arEx
Fig. 4. E'ffec'tive gg’t factors (above) and 95 factors (below)
versus spin value for the ground bands of some nuclei (positive
parity quasirotational band in '556d ),

17



2. When the Coriolis coupling is weak the renormalization
of the g, -factor is determinedby Ry (K>1/2) . The Corio-
lis coupling does not allow one to separate the longitudinal and
transverse polarization effects. The behaviour of g (eq. (18))
in the rotational band now depends :onthe relative sign iof both
effects (see Fig. 4). The contributions from the longitudinal and
transverse terms may be of the same sign (as in '’Er ), of opposi-
te sign (''Dy ), or their signs may change from state to state
( g°f fluctuates in '536d ). Reliable information about gcff
can ‘be obtained through measurements of the magnetic moments
of the low-spin rotational states.

3. A very complicated spectrum of positive parity states is;
found in 155Gd (see, e.g., refs./72. 13/ ). One can obtain a satis-
factory theoretical description of this spectrum taking into account
the Coriolis coupling of single-particle states originating from the
spherical subshell i;3/,. But in the usual method of least-square
fitting one uses a large number of parameters (quasi-particle ener-
gies, rotational parameters, N-mixing parameters, parametrization
of the spin-polarization, etc.)/12-14/ "

~In our calculations the theoretical quasiparticle spectrum has
been used (calculations are performed with 8¢= 0.32,B840=0 and
A = 0.6 MeV). The other parameters and the numerical results
are listed in table 2. The deformation parameter is chosen from
the best fit of the calculations to the experimental magnetic mo-
ments of the lowest-energy 5/2° and 3/2° states and the pro-
babilities for ¥ -transition between them (see Fig. 5). The calcu-
lated magnetic moments agree well with those reported by Blum-
berg et al./15/, but are in disagreement with those of refs. / 16/
The theory reproduces surprisingly well the whole spectrum of
the 5/2* states and the sequence of statesbelonging to the quasi-
rotational band (marked with asterisk in table 2). The nonadiaba-
tic effects are especially strong in low-energy states which are
characterized by the very unusual effective parametersx/( g%ff <0,

g 2 strongly fluctuates).The nonadiabatic effects are pronounc-
ed in the ratio of the spectroscopic quadrupole moments Q; for
the states of the quasirotational band to the corresponding quan-
tity for the ground state Q,,.,,(3/2715211), as is shown in Fig. 6.

x/ The quantities geff and g¢ff displayed in table 2 and
Fig. 4 are calcylated afsuming that th i i i
bu?lt on the 373 S1EaiT el ing tha e quasirotational band is
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Fig. 5. Magnetic moments of the lowest-energy 5/2* and 3/2°*
states in '5°G6d and the probabilities of Ml and E2 transitions
between them versus the "deforma;'&og parameter. Experimental
data.(shaded areas) are from refs. - 2477, oo
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Fig.. 6 The ratlo of the spectroscoplc quadru?ole ‘moments Q,
for the states of the quasirotational band in '*>Gd to the corres-
ponding quaﬁ)ty for the ground state Experlmental data are taken
from refs 20 ,

The predicted.ratio is in good agreement with the experimental da-

ta of ref. / 15/

4. Two rotational bands are studied in detail in '"7Hf , the
ground state band (negative parity) an/cwh? band built on the excit-
ed 9/2%[624] state (see, e. g., refs. / ). We have made an
attempt to describe both bands using one set of collective parame-
ters A , g2 and Q, (rotational parameter 1/2J isobtainedfor
each band from the least-square fit to experimental energies). The
results of calculations are displayed in table 3. In the ground state
band the admixtures are small. The dynamic effects in this band
are noticeable starting from the spin value 1 =17/2 ( the stretch-
ing and CAP effects in the core). Analogous effects in the positive
parity band occur at much higher spin values. ,

The B(MI) values in the ground band are extremely sensitive

“to the choice of g; The emplrlcal values of B(MI, 11/279/27) »

(2.2 41, 1) 10-3 12 and 167 given in refs. /19.20/ can bewell reproduc-
ed with g2 =0.23. The quantlty A1 in this band does not practically
depend on ¢?2 . The calculated values of A; agree well with the

data of refs.” /17,18/ The Eroperties of the 9/2*[624] rotational

band in both the'”’Hf and'’?Hf (table 4) nuclei are much less sen-
sitive to gg . A reasonable agreement with experimental data may
be obtained with 0.23 s 9r< 0.30. To fix this parameter one needs
to measure the magnetlc moments of a few rotational states in the

band. The same ‘is valid for the ground band in’¢7Er (table 4).

Conclusion

The present paper completes a series devoted to the study of
rotational motion in odd-mass nuclei in the framework of nonadia-
batic rotational model. The model takes into account the Coriolis
coupling of the odd particle to the core as well as a number of po-
larization effects generated by the coupling of the odd nucleon to
the intrinsic I* excitations in the core. This approach allows one
to obtain a satisfactory description of all the properties of a single
rotational band using the minimal number of collective parameters
of the core. The effective parameters for the odd-mass nucleus
are calculated in the model.

Below we discuss some approximations used in the model. |

i) Static approximation for the pairing correlations in the
core ( A = const.). This restriction becomes of importance for the
high spin states. The solution of the dynamical equation for the
energy gap in odd-mass nuclei has shown that the Coriolis coupl-
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ing of the odd particle to the core stabilizes the energy gap and .

the moment of inertia thus relaxing the CAP effects in the core /28/
‘ ii) The quadrupole vibrations of the core are not ,mcluc!ed
in the model. For this reason it is difficult at present to describe
a few rotational bands of the same parity using one set of parame- -

ters. The inclusion of the quadrupole and octupole vibrations in the -

model does not bring any difficulties of principle. .~~~ .
iii) The intrinsic Hamiltonian is notﬁrotAatlonaI |'nvar|ant.
Hence, among |* states there is one spurious state belonging to the
collective rotational branch (see, e.g., refs. ).. ,Thel,spurlous
 state was not separated when considering the polarization effects.
" But due to the smallness of the three-quasiparticle admixtures,
the error associated with the spurious state is believed to be negli-
gible. ' :

nicities of vibrations of the core. ' ‘ — _»

In conclusion the authors wish to express their gratitude to
the members of the Nuclear Theory Department for the discussion-
of this work. Thanks are due to S.l. Fedotov, S.I. Gabrakov and

H. Schulz for supplying the computer codes utilized in calculations -
of the Saxon-Woods single-particles energies and matrix elements. -
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Table 1 ‘

'Cmaoteriatios ot the\grou.nd state rotatioﬁa.} bn.nd\ip 161D7.: 'CQou;at;ons are perfo;med‘ wiyth
1/2ff =12.1 Xov, g3=0.28 and Q_=8.5 b. : :

a b : ) d)
Eixing esplitudes Cpr ' ,6(;) é(_I) )/uI )41 ) RS ’6;:.")‘1 _
1® . &(1) {peq, exp.  thec. adia. 8B Lk‘fl :
feook  [ee0]t (651} [642]t - [633]t - [p2slt ‘ lxev] fkev]:  [un] [HW]
5 0.0II 0,03I 0.I8I = 0,983 . - - I.I2. 0 0 -0.41 -0.46 0,II - - -
7;§ 0.,0I4 0,040 0,255 = 0.950 O,I7I - —2.40 42 44 - -0.07 —O.QIB 0,14 0.6 0.54 - \
9/2 0.034 0,097 0,321 0,912 0,230 0,0I5 3.6 97 100 - 0.23 0,03 .0.I5 0.9 0.46 0.6
I1/2 0.026 0,071 - 0.349 0,89 0.273 0,027 { -3.94 I79 ' -1I84 0.55 © 0,2 0.I7 I.I 0.68 0.
13/2 0.059 0,170 0.406 - 0.845 0.289  0.035 : 4,89 266 267 0.80 0,37 C.I7 I.3 0.42 I.Z
15/2 0.035 .0.09 0,406 0.846 0,323 0.046 | —4.68 398 407 I.I4 0.52 0.I9 I.E 0.95 I.8
17/2 0.084 0,241 0,464 - 0,786 0,310 0.050 5,74 5I3 - 508 1.37 0.67 Q.I9 I.5 0.3 ﬁ.g
19/2 0.042 0.II5 0.442 0.8I2 0.35I .0.063 | -B,I0 707 7I9 I.72 0,80 0,2 1.3 I.3I 'Z.e
21/2 - 0.I06 0.303 0.502 0.733 0.314 0,060 6,32 845 826 I.92 0,93 0.20 I.6 Q.ZI 24,
23/2 0,048 0,129 0.466 0,785 0.370 0,078 | ~5.37 IIU?_ III9 2,30 I.06 0.2 I.2 {.71 4.2
25/2 - 0.125 0.355 0,527 0.688 0,309 0.068 6,74 1264 I222 2.48 -I,I9 0.21 I.6 g.IB 86‘1.(3
27/2 0.052 (0.,I40 0.482 0.764 0.383 0.092 | ~5.54 1601 ~I602 :2.87 I.3I 0,22 I.2 2,09 b5,
29/2 0,140 0.397 0.544 ©.65I 0,302 0.073 7.0 I774 1693 3.04 I.43 0.2I vI.G 0.07 327.3
31/2 0.056 0,149 0.495 0,747 0.393 0,104 | -5.67 2190 = 2I62 3.44 I.55 0,23 I.I 2.42 &5,
33/2 0.I53 0.431 0.555 0.6I9 0.293 (0.078 7.22:2375 223 3.60 1,67 0,22 I.6 0,03-I36I.0

£ 44 /23,
a) taken from ref/21/; b) ocaloulated with 2g=-0.30 end g§ '3511 (ref ). Bxperimental value of ,
ji /24-(0 46+0,05) (rof/lo/). 0) experimental values of éI equal to 0.047, 0.066 and 0.048 (+0.0C7
5 . an .

for the spin valuss 9/2,11/2 and 13/2 respectively ( re2/23/), 4 experimental values of 4K11/2'°-63t°°°7

and A 13/2°1+620.7 are given 1n,ref/23/.

Table 2

Positive parity states in 155Gd. Calculations are performed with 1/29':13.2.kev, gg-o.JJ and

00-8.5 b,
- Mixing amplitudes I é(I)étI) B(M1) B(E2) 13
I ; CK . theo. exp./lj/a(l) /ﬁago. g;fr x100 [ 2 2] % }.1 1 /
Beolt koot  Bsut  Roalt  fuelt [633M| (kevi [kavi _ Chn] - [ue] Le® theo. exp.
*3/2% 0,211 0.067 0.974 0,042 - = I77 - 105.3 -I.42 - -0.24 ~0.04 0.65  [.47 0.3
3/2% 0,051 0.035. 0.05I  0.997 - - 266 268.6 -0.08  0.96  0.32
3/2% 0,575 0.8I2 0.086 -0.061 - - 668 427, -0,08 0.42 - 0.29
®5/% 0,370 0.II8 0.703 -0.082 0.590 - 86.6 86.6 5.24 . 0,52 -0.13
5/" 0,490 0.142 0.367 -0.030 -0.777 - | 268 266.5- I1.I6 -0.08 - 0.38
5/27 0,080 0.048 0.I55 0.984 -C'007 - 33I 325.¢  0.I0 0 I.I5S Q.32
5/2% 0,759 0.II5 -0.564  0.149 0.2I7 - 5I3 488.6 -I,93 0.88  0.30

»7/2" 0,190 0,064 0.682 -0.082 0.693 0,089| I25 II8.0 -4.34 -0.08 0.1 g
9/27 0,85 0.160 0.67% -C.092 0.5I5 0.089| 99 107.6 6.84 0.02 0.7
II/2T 0,213 C.074 0.675 -0.089 0.680 0.I54| 237 230.3 -5.03 0.64  0.I8 £

*I3/2" 0.543 0.[84 C.653 -0.094 0,472 0.II3| 202 2I4.3 7.37 078 0.I4
*I5/2"  0.223 0,080 0.665 -0.091 0.674 0.197| 455 453.6 5.3 132 0.22 ¢ 0.35 0.4 3 19 5.3

3,1

2.2 - 030 0,42
* 17/27 0.576 0.198 0.636 -0.094 0,847 0.I27] 430 423.7 7.60 I.44  0.I9
*19/2" 0,227 0.083 0.655 -0.092 0,670 0.230| 777 786.6 -5.5 ° 1,99  0.24

®I/RT 0,59 0.207 0.624 -0.094 0.430 0.I37] 751 '736.7 7.72 2,10 0.2I
®23/2%  0.229 0.084 0.646 -0.092 - 0.668 0,258 I203. I220.I - 5.70 2.66 0.25

™5/2'  0.610 0.213 0.6I4 -0.094 0.418 0,144 II7% Il44.4  7.80  2.76 0.23

1.36 0.10
I.LII o0.42

9
3
5 0.66  0.26 0,30 0.40
0 0.52 0.36

4 0,22 0.60
1 g 0.4 20 (1.9

6  0.I5 0.69
5 0.I3 0.56 20 2.7

Calculated are B(M1),B(B2) and 6% values for the energy-allowed transitions from a glven level to the levels

of the quasirotational band marked with asterisk ( upper line corresponds to I-»I-l transition, the lower
one to I-»I+ltransition), - .



- Rotational bands in 177mf, Calculations are performed with 9s0.23, Q_=7.6 b , 1/2
tive parity baad) and 14.6 kev ( positive parity band). Only the largest mixing amplitudes are given.

iadle J

=13.4 kov (nega-

" Mixtog emplitedes CX | gcry )M st tace) g Jro e
: . theo, exp, theo. %100 theo. .
Bo2l (523  [o1a)v [osM | Gcov)  [kov)  Limd® R [l [e2p2] O1 thec. exp.
7/ 0,003 0,056 0,98 -~ |0 0 0.87 0,20 - - - - -

9/2" 0.006 0.085 0.996 0.030 | III  II3,0 1,06 0.2I 0.I0 I.94 .18.2 . < -

II/2" 0.009 O.II0 0.993 0.050 | 247  249,7 1.26 0.2 0.I5 1,96 I7.6 4.I 4.0 {4)

- I3/27 0,013 0.I33 0.989 0.064 | 408 - 409.4 I.47 0.2I 0.I8 I.68 I7.I 9.6 7.0 (I,0)
15/2~ 0.0I7 0.IS5 0,985 0.076 | 594 59I.3 ~I.68 0.2I 0.19 I.39 I6.6 I6.5 I7.3 (3.3)
I7/27 0.022 0.I75 0.980 0,087 | 804 794.4 I,89 0.2I 0.21 I.I5 16.I 29.4
I9/27 0.027 - 0.I95 ~ 0,975 0.097 |I040 '~ I0I7.7 2,10 0.2 0.2I 0.95 I5.6 34.7
2I/2" 0,033 0.,2I5 0,970 0,107 |I300 1I260.3 2,31 0.2 0.22 0.8 I5.I 45.8
> ol Mixtog amplitudes Cy b g(l)/p/ M Qf.t B(ML) B(Eé) ixlo Mo s /18/ |
‘ T theo. _axp. theo, &R 47 2 2 theo. .
s Boddt Geslt [eslt | [kevi fkewi  [uw) t vl b2 e0. exp
©9/2* 0.03I 0.I94 0.980 - 0 0 -0.80 0.I4 - - - - -
II/2* 0.055 0.27I 0,951 0,139 | I04 I05,3 -0.43 0.I5 O.II I.77 I.28 - -
I3/2* 0.079 0.325 0.923 0,188 | 232 233,8 -0.09 0.I6 0.I8 I.98 I1.31. 0.37  0.35(4) .
15/2* 0,103 0.368 0.897 0.22I | 384 387, 0.2 0.16 0.22 I.82 I.35 0.87  0.8L (8)
I7/2* 0,126 0.402 0.872 0.244 | 563 56I.5 0.50 0.I7 0.26 I.58 I.31 I.54 I.42 (I4)
19/2* 0.148 0.430 0.850 0.261 | 767 765.6 0.78. 0.I7 0.28 I.35 I.40 2,20 I.95 (20)
21/2* 0,170 0.454 0.828 0.274 | 998  980,0 1.05 O0.I7 0.30 I.IS I.24 3.42  3.35 (42)
Eperizental data: My/,—<0.780(21) and Jh g ;+=-0.725(85)/1%/, fig -a1.08(6) and fL ) p—=1.52¢48)%/
ﬁ‘vﬁm'i‘——i . e [ o .. o —— oot . = Ot S AR i - «‘- i« O o T o, __,__’et-—-‘
Table &
Ground state rotational bands in 1673:- and 1793!.
I @ & 1 (I—1-1)
(" _ Mixing smpiitudes Cic : '%he . eéxxh {aso. ff son) e 5370 A A
k
o0t a2l o edt Bast o0 T [uy) [adl [622] theo. exp.
167gr  (1/2Y =13.1 kev, g3#0.33, Q_=8.3 b )
7/2* 0.018 0.151 0.988 - - 0 0 -0.59 o0.20 - - - - -
9/2% 0.034 0,217 0.968 0.123 - 77 79.3 -0.14 0,22 0,12 2.27 0.86 - -
11/2% 0,051 0.269 0.946 0.173 0,009 175  177.6 0.25 0.23 0.18 2.28 0.84 0.33 0.34(2)
13/2% 0,070 0.311 0.924 0,208 0,016 293 293.7  0.62 0,23 0,23 1.94 0.81  0.77 0.80(5)
15/2% 0,086 0,345 0,904 0,235 0,022 433 432.4 0,98 0.24 0,26 1.60 0.84 1,27 1.32(14)
17/2% 0.107 0.376 0.883 0.255 0.028 . 595 (592.0) 1.32 0.25 0,28 1,32 0.84 2.01 =
N 19/2% 0.120 0.400 0.865 0.272 0.034 780 (772.0) 1.67 0.25 0,29 1.09 0.84  2.87 -
~
179pe (1/2 =14.5 kev, g3=0.,26, Q =7.8 b )

9/2% 0,002 0,018 0.143 0.989 - 0 0 —0.66 0.19 - - - - -
11/2% 0.005 0,034 0,206 0,972 0.112 121 322,7 -0.22 0.20 0.12 1.85 1.52 - -
13/2% 0,008 0.050 0.255 0,953 0,156 267 268.9 0,17 0,20 0,21 2,08 1,51 = 0.44  0.416(35)
15/2% 0.013° 0,067 0,295 0,934 0,188 437 438.9 0,52 0.21 0.26 1.92 1,50  0.99  1.045(45)
17/2% 0.018 0.085 0,330 0.915 0,213 632 631.5  0.85 0.21 0.30 1.68 1.48 1.67 1.34 (18)
19/2% 0,024 0,103 0,360 0,897 0,232 852. 848.5  1.14 0,21 0.33 1.44 1.47  2.43 2,37 (28)
21/2* 0,031 0,121 0.386 0,879 0,247 1099 1085.2 1,47 .0.22 0,35 ~1.24 1.44 3.38 3.6l (20)

Experimental data: 61 and Arfor 167gr from rofalzhz,/;/47/2--0-56#(7)/10/56(1), J\I ﬂnd/" 9/2'-0'511(17)

for 179111 from rct./zs/.



