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Introduction 

.The recent experimental studies of "long" rotational bands 

(up to the spin"valuelN29/2) in odd-mass deformed nuclei (see, 

e .g/l-4/) allow one to extend essentially the understanding of the 

nature of rotational motion and its connection with the other types 

of nuclear motion. In particular, the strong nonadiabaticity of the 

rotational excitations with respect to the intrinsic single-particle 

motion was found (the Coriolis coupling of single-particle states). 

A satisfactory description of experimental rotational bands was 

obtained for a number of nuclei, however, only when using the con

siderably renormalized (reduced by 20~JO%) Coriolis force/1 , 41. 
In the previous paper/51 we have shown that the static renor

malization of the single-particle matrix elements (.jt > (or the 

rotational parameter 1(~ff entering the Coriolis force) arises 

from the residual centrifugal and spin-spin interactions between 

nucleons similarly to ·the renormalization of the matrix elements 

<G"t > ( or spin gyromagnetic ratio ~s ) in the magnetic moments. 

The residual centrifugal interaction 

(1) 

J 



iS contained in the Bohr rotational Hamiltonian /G/ ( g \, 
is the 

effective moment of inertia). The strength parameter of the spin

spin interaction 

H(j = ~ }f, [G+G- +' C/_<J.,.] (2) 

is considered to be known from the calculation of magnetic moments 

c ~ ~ o.J Mev/7 I. The interactions (1) and (2) lead t~ the fol

lowing renormalization of the rotational parameter ~n the Coriolis 

force ( in the quasi-classical approximation/51: 

where 

{ 
~~ 

1 (j" 

iGJ R· 
·1 J 

R~ -=- 1- 9-f/(; [ 1 + ~]. 
J fl3+1c i.t 

(J) 

(4) 

Here, ~c is the additional moment of inertia associated with the 

centrifugal interaction ( it coincides in form with the conventio

nal expression in the c~anking-model, provided that only the levels 

of a single J -shell, 

contribute to ;jc ) . 
coupled by the Coriolis force, 

The present paper is devoted to the application of the theory, 

developed in/5/, to the analysis of the rotational bands built on 

the positive parity states in a number of odd-/V rare-earth nuclei. 

Calculations and Discussion of Results 

The most pronounced nonadiabatic effects were found in the 

rotational bands based on the single-particle levels originating 

from spherical subshell i~lt , which appear near the Fermi surface 

4 

in the nuclei with AI =89fl07. The calculations for these nuclei 

were performed using the wave functions and single-particle level 

scheme in the Saxon-Woods potential/a/. Forty single-particle levels 

in the vicinity of the Fermi surface were taken into account when 

solving the conventional equations for .6 and ). (without block

ing). The obtained values of~- and~ are used then in calculating 
' ~ 

single-quasiparticle spectrum, polarization factor Rj (in the. 

quasi-classical approximation) and in diagonalization of the Coria

lis force matri0/. The states of spherical subshell lHjg_ and the 

states· i;2+ [400] and J/2+ f4,o2] coupled to them through llN = ~ 
mixing are usually involved in the Coriolis mixing. In all the cal

culations the pair correlations were taken into account only'in the 

static limit (i.e.~ and J are considered to be independent of 

·the rotational frequency), however, the strength parameter of the 

pairing force G 'is varied slightly from nucleus to nucleus in or

der to obtain the best agreement with the experimental data. The 

effective moment of inertia or is chosen from the fit of calculation~ 

to experimental data, so far as there is no reason to assume that 

its magnitude should be the same as in the neighbouring even-even 

nuclei. 

Besides the energies,there were calculated also the intraband 

E2-transition probabilities and the deviations from the Alaga rule 

for branching ratio B(E~JI~I-i1(s~~I~~l)were investigated. In cal

culations a simple formula for 8(Ei)was used in Which only the 

terms proportional to the total quadrupole moment of.,the nucleus Qo 

were conserved (the latter is assumed to be approximately the same 

for all the single-particle states): 

/ xf/ All the necessary expressions and equations are given in ref. 5 • 
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'JJ/2 22J5 
2162 

Jl/2 

169J 
. 29/2 

27/2 1602 

1222 
25/2----

1119 
2J/2 

826 
21/2 

719 
19/2 

17/2 --=-

15/2 
407 

lJ/2 

11/2 
184 

9/2 
100 

7/! ~ 
5/2 

16ln;r 

Exp/2/ 

2J68 

ll!a 

1770 

llll 

126J 

ll09 

845 

711 

515 

40J 

267 

182 

98 
4J 

0 

Theor. 
(a)· 

2J59 

2158 

1765 

158J 

1261 

1100 

844 

706 

515 

400 

267 

181 

98 
42 

0 

The or. 
(b) 

2Jl6 

216J 

17Jl 

1582 

12J6 

1095 

829 

700 

506 

J96 

264 

179 

98 
42 

0 

Theor. 
(c). 

2J44 

216J 

1752 
; 

158J' 

1251 

1096 

8J8 

701 

511 

397 

266 

180 

99 
42 

0 

The or. 
(d) 

Flg. 1. Ground state rotational band in 
161 Dy • Calculations are 

performed with parameters: a) 8 = 0.275; K = 0;1/23 = 11,8 keV; 
!'> = 0,43 MeV. b) 8 = 0.275; K = 0,3 MeV; 1/23 = 11.6 keV; 

ll = 'o.so MeV. c) 8 .. = o.302; K = o; 1/23 = 12 keV; !l. = o.5o, MeV. 
d) 8 ;, 0.302; K_ .= 0.3 MeV; 1/23 = 12 keV; ll = 0.58 MeV. · 
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1-

B CE~ )I ~I')"" e!l, a:1~· C~ c~'<.IK1LOI.I'K>) ~-
. . K . .. , . . . (5) 

where 
r CK are the K -mixing amplitudes. 

The calculations were carried out for Gd, Dy, Err Yb and Hf 

isotopes at different values 'of de.formati~n parameter EJ ,' both 

with and without account of the s'pin polarization~ .The stabili

ty of. the results obtained against small variations of S , /) ,3 
and It- was. checked. 

Below.we discuss briefly 'the results obtained. -

1.-The sensitivity of calculations to the choice of the pa-~ 

rameters i's demonstrated for the nucleus 161ny in Fig.l (the ex

perimental data are taken from ref / 21). In all the cases shown 

the parameters ft~and,d were ch9sen. from the fitting of ca~culations 

to experimental data. The preference was given to the best des-
• 

cription of the low-energy part of the rotational band, since 

for high e~in states the dynamical effects arising from th'e de

pendence of~ and /:. on the rotational frequency (CAP effects), 

will play a certain role. It turned out that usually. the positi'on 

and the order of the lowest levels within rotational bands de...: 

pend esse.ntially on the choice of A and are less sensitive to 

the variation of the effective moment of inertia d' . The latter 

can be chosen reliably only from the energ;tes of rota:tional le

vels with high spin (I""' a;~), the variation ~r 1ftti .within 

0.2 keV weakly affecting the results. · 

The calculations of rotational energies in 161ny, perfor•ed 

for ~ =0.275 (cases (a) and (b)) .. and .O.J02 (cases (c) and (d)), 

give practically the same results, though the wave functions 
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·-·~differ considerably in these casesx/ .• The' value· of the effective 

·'moment of inertia: slightly changes with changing defo~mation. The 

__ .... 

effect of the spin.polarization is practicallyreduced to the 

renormalization of I:!. (usually at Jtj:.O the energy gap is by 

·:·\so-Hlp keV greater than at 'It =O). 

Nonadi!.abatic_effects in. the ground.state·rotationa.lband of 

the 161ny are strong. It turned out to be impossible to describe . . ' . . 

it. by means of the phenomenological B~hr .for~filae _with }\ , B 
~ . . 

and Afi. parameters obtained by Bunker and Reich from tb.e experi

-m-ental: energies of lowest levels/9/ (already at I =19/2 the de- . 

viation of calculated energy from experimental one is of the 

order. of 100 keV, and beginning with J =2J/2 the predicted· order 
,' . . ' 

~f:levels is wrong). The structure of the rotatiol!al states is 

shown. _in Table 1 which contains K-miXing ~mplitudes, the· value a 

r,:;!- .. of the decoupiing parameter aciJ (for definition see r-~f / 5
/) 

.. ' . and calculated ener g;es 'fl> (I) • The most noticeable feature is the 

;'appieciable values of acrJ causing the doublet structure of the 
,. • t· c·· ' 

. rotational spectrum. More compact doublets, observed in experi-. ' · .. ··. . . 
mental spectrum, can be obtained in the theory by increasing the 

. ~ . 
role of si~le-:particle states 1/2 [660) and 1/2+ [4ooJ • Centrifu-

gal and spin polarization renormalizes strongl~ the Coriolis for-
e;- . . I 

ce, the calculated polarization factor Rr~0.1 xx in this case 

··; (see Table. 2). 

, ;;- x/ Notice that for C=O.J02 the states 1/2+ (400) ~nd 1/2+{660] 
are strongly mixed (as well as the states J/2+ (402] and .J/2+ [651]). 
As a result their single-particle decouplin~ parameters ~sp are 
equal to 1.54 and 5.J7, _respectively. For .0'=,0.27!? N-mixing of .. 
these states is rather small. · · · · 

. xx/, We should ~mphasj,ze that· the polari~ation renormaiizes 
· ~11 the matrix .elements ·.:. J1 > _including the. de coupling parameter 

. Ct~p • 'Renormalization ·of alP ?{as not taken into ·account in cal
culations ·prese_nted in refs./1,4/ 
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TABLE 2 
;·· 

__ Rotatio~al· J?a_ramete~I/J.d and the energy gt;tp va;tues' A,.,ex-·. 
tracted from'the fitting: of calculations to experimental energies 
of positlve parity rotation~l band:,'.The deformation par~meter t 

·-· and,~al-cul.a:te~ valu_e~ o~Rfif/eand tfo=$'-·(/c. are given li,S well. Calcu-
.#·. 

··lation -were performed with )c=O.J meV. , · 

. : ''Nuclei 6.·· .1/P.fl .1· ·R~- We . flo . ,,. 
[k~V) [~eV) J . [mev"'"1] ·(mev-1-] 

··-· 
*' 

155Gd o.J02. .1).2 0.64 0.71 : 9.8 28.1 

157 Gd '-· ·o.Jo2 12.6 0.49 0.62 1).7 26.0 

159Gd O.J02 1),0 '0.54 0.66 n.9 26.6 

159Dy ·o.Jo2 11.5 0,64 0,74 9.7 JJ,8 

_16lny o.J02 12.0 0.~8 0.70 n.o. )0.7' 

16JDy O.J02' u.·o 0.60 0.67 11.6 26.9 

157Er 0,275 17.5 '. 0.60 0 •. 81 ·4.8 2),8 

_159Er : .. 0.275 15.0 0.85 0.85 4.J 29~0 

161E~ '·· 0,)02 16.0 1.10 0.85 4.0 27.J 

. 16JEr 
.• 

o.J02 · 1J.6 0,81 0.78 7.0 29.7 

'165' ' ' O.J02, 11.8 0.69 o.7J 9.8 J2,5 
Er 

167 .. 0.275. 1).2 0.54 0.69 10.4 27.5 
Er. 

,'169 '. 
·Yb 0.275 12.8 0.62 o.7J 9.2 29.9 

. , 171Hf 0.275 1).5 0.72 0.76 7,8 29.2 

17JHf~< 0.240 lJ,J 0.66 0.75 8,) 29.J 

'·' 
175Hf: 0,190 lJ,O 0.52 0.67 11 • .7 26.8 

·, .. ·" 

1~7Hf ·.· 0,240. 14.0 0.65 0.76 7.7 28.0 

179Hf; 0.240 14 .• 8 0.52 0.7J 8.J 25.5 

·' 

l• 

I 
I 

·.I 

. 
'2· -• Application of the theory developed in ref .(5/ to the 

d_e~cription of observed rotational spectra is shown in Figs. 1-J 

In all the cases, but 167Er~ a satisfactory description of the 

observed bands cannot b~- achieved with the help of the phenomeno

l~gical fo;muiae. Nonad1&batic.effects are especially strong in 

l57-l61Er nu~l~i where.: the norm:·l ~eque~ce of levels in rota

tional band i~ .infringed. The structure· _of wave· functions in these 

nuclei is .. very complicated, it is -impossible practically to indi

cate the 'leading component (:see Table 'J). 

. It :seems rather remarkable that the structure_ of rotational 

wave functions occur~dto be-relatively weakly dependent on the 
' . 

choice ofthe single-particle level scheme and the method of ·. 

diagonalizing :the Coriolis force mat~ix •. Fo; example, in ;ef~/l, 4( 
the calc-ulations for 161- 165Er and · 155Gd nucle-i ~ere performed in 

the Nils :son model w_i th the detailed fit~ing of band-head energies 

and of a number of other parameters, Ne-vertheless~- the largest 

mixing amplitudes, c8:lculated in these papers, as_ a rule,_agree 

well in value with those calculated by_us (up to phases)~ 

U:sually,_ nonadiabatic effects decreade with increasing the 

qu~ntum number of a band-head state. However, the. admixtures of 

other. state's are rather.. large even in rotational bands based on 

7 /2+[6JJ) ~nd:. 9/Z+ [624] ~s~ates ( ~ee Table 4). 

. J,'.The basic characteristics of po:sitive parity rotational 

bands in a _';number. of rare-earth' nuclei a~e l::t,sted in Tabl.e' 2. 

Values of.~- -a~_d 1/9-lf~~'re extrac.ted from the f~t of calculation:s 

to experimental_data. The calculll.ted values. of Rj given in tab

le 2. show_ that the centrifugal and spin polarization reduces 

:strongly (by 15 to J8\{>) the Coriolis coupling in all the nuclei 
. "(j . • 

considered. The polarization factor Rj ·follows usually the change 

ll 



.· 2840 

. 2012 
(29/2} 1958 ----

(25/2)....lJ12_- 1133 

(21/2) 808 792 ----

(17/2) 
J9J - )90 

'126 -- 126 
(1J/2r--r--:: . . , 2 . 

I 5/2 -~--
'f 9/2 0 

27/2 
2270. 

2J/2 
1605 

19/2 J.Q1§.. 

. 410 
11/2~ 
7/2 268· 

'J/2 245· 

157Er 
Exp./J/ Theoretical 

2')20 
(JJ/2) 2287 - ---

(29/2) 1662 16J4 

(25/2) 1106 -. 1068 

(21/2) -.2!L_-~ 

J5/2 J229 

24')8 
Jl/2--. 

27/2 1765 

2J/2 _EQ2_ 

770 
19/2~ 

290 294 
(17/2)------ 11/2 __ 241 

J/2-186 
(lJ/2} 86 - 87 7/2 --151 
(9/2) ~_5l~=J6 . 

' ' 0 
159Er" 

Exp./J/ Theoretical 

Fig. 2.' Positive parity rotational bands in " 7 Er and 109Er • The paramete~s used in 
calculations are given in table 2. · 
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TABLE J . ' 
Positiv·e parity rotational bands in_l57Er and ~59Er (see caption 

to tablA 1). Calculations ar,e performed· with. parameters' as given· 

'in table· 2. Only the largest amplitudes C~ are. presented·:· 

- I .I 1/2 [660] J/2 ~51] . '5/2 [6421 112 [6JJJ 1 am tCI). 
· [keVJ 

J/2 

5/2 

7/2 

9/2 

11/2 

1)/2 

15/2 
17/2. 

19/2 

21/2 

2J/2 

25/2 

27/2 

29/2 

Jl/2 

_JJ/2 

J/2 

5/2 

7/2 

9/2 

11/2 

lj/2 

15/2 
17/2 

19/2 

21/2 

2)/2 
. 25/2 

27/2 

. 29/2 

Jl/2 

JJ/2 
)5/2 
J7/2 

0.420 

0.854 

O.J65 
0.822 

0.)26 

0.802 

o;299 

0.786 

0.279 

0.77) 

0.26J 

. o. 762 

0.250 

0.75) 

0.240 

0.744 

0.297 

0.711 

,0.27) 

0.710 

0,257 

0.708 

0.246 

0.705 
0,2)6 

0.701 

0.228 

0~698 

0.221 

0.694 

0.215 ·• 
0.691 

0.210 

0.688 

0.908 

0.508 

0.85J 

0.5)5 

0.808 

0.546 

0.771 

0.551 

0.740 

0.555 

0.715 

0.557 

0.69) 

0.558 

0.674 

. 0.558 

0.955 

0.658 

0.806 

0.624 

0.751 

0.607 

0.715 

0.597 

0,689 

0.590 

0.668 

0,585 

0.650 

0.581 
0,6)5 

0.577 

0.622 

0.575 

157Er 

.0.114 

0.)69 

0.192 

0.478 

0.2)8 

0.5)7 

0.269 

0.57) 

0.29) 

0.596 

0.)11 

0,612 

O.J26 

0.62) 

0,))9 

159Er 

0.248 

0.519 

0.)22 

0.588 

0,)49 

0.618 

0.)65 

0.6)5 

0.)76 

0.645 

0.)85 

0.651 

0.)91 

0.654 

O~J97 

0.657 

0.402 
14 

0.050 

O,OJl 

0.114' 

0.055 . 

0.167 

0.075 

0.211 

0.09) 

0.248 

0,108 

o. 278' 

0.122 

0.)04 

0,1)5 

0.080 

0.062 

0.157 

0.092 

0.211 
. 0.115 

o.25J 

0.1)) 

0.286 

0,147 

O,JlJ 

0.160 

0.))6 

0.171 

o.J55 

0.180 

-1.71 

7.59 

-4.47 

•a.o2 
-5.51. 

8.22 

-6.08 

8.)4 

-6.45 
8.4) 

-6.71 

8.49 

-6.91 

8.54 

-7.06 

8.58 

-1.6). 

7.82. 

-5.28 

B.52 

-6.20 

8.76 

-6.66 

8.89 

-6.96 
8.96 . 

-7.16 

9.01 

-7.)1 

9.05 

-7.4) 

9.08 

-7.5) 

9.10 

245 

12 

268 

0 

410 

126 

678 
)90 

1076 

792 

1605 

l)JJ 

2270 

. 2012 
)069 

2840 

186 

)6 

151 

0 

241 

87 

448 

294 

770 

621. 

1209. 

1068 

1765 

16)4 

24)8 

2)20 

)229 

. Jl25 

.I 

t ., 
·I 
I :; 

·\ 
{ ,, 

. "\1 
~J 
\ 
-~ 

'· if 

I 
.I 
I; 
,1_ 

..j '•' 
!! ,, . 

<];~ 
y 

'1, 
! 
'j 
I 

'-) 

I 

7/2 

9/2 
11/2 

1J/2 

15/2 

17/2 

. 19/2' 

21/2 

2J/2 

. ·25/2 

27/2 

29/2 

I 

9/2 
11/2 

1)/2 

15/2 

17/2 

.19/2 

21/2 

2)/2. 

9/2 

11/2 

1)/2 

1.:5/2 

17/2 

19/2 

21/2 

2)/2 

TABLE 4 
·Positive par1t1 rotational bands in 169Yb, 177Hf and l79Hf (see 

caption to table 1). Calculations are performed with parameters as 
given in table 2. Only the largest amplitudes Cr are presented. · . . K 

J/2 [651j 

0.025 

0,046 

. 0.067 

0,090 

0.108 

0.1)5 

0.147 

0.178 

0.182 

. 0.220 

0.212 

0.259 

5/2 [642] 

0.028 
0;05'0 

0.07) 

0.095 

0.117 

0.1)8 

0.160 

0.180 

0.015 

0.028 

0.042 

0.056 

0.071 

o;os6 

0.102_ 

0.117 

. "J/2 [642] 

169Yb 

0.174 

0.248 

0.)02 

0~,46 
0,)80 

.0.410 

0.4)2 

0.455 

0.470 

0.488 

0,497 
0.513. 

7/2 [6JJ] 

177ur 

0.188 
0.264 .. 

o·.J2o 

o.J6J 

0.)99 

0.428 

0.452 

0.472 

I79u:r 
O.lJ5 

. 0.194 

. 0.2)9 

o;211. 
0.)10 

o.JJB 

o;J64 

0.)87 

. 7/2 (6JJ] 

0,984 

0.968 
. 0.9Jl 

0,906 

0.88) 

0•859 

0.842 

0•817 

0,806 

0,780 

O.T/6 

0.74J 

9/2 (624] 

0.982 
0.957 . 

0.9J2 

. 0.908 

0,8R5 

0.86) . 

0,842 

0.82) 

0.991 

0,971 

0.951 . 

0.9)2 

0.914' 

. 0.896 

. 0.880. 

0.865 

15 

9/2 (62411 am GW 
[keY] . 

-0.94 0 

0.1)8 2.12 69 

0~191 -2.97 i57 . 

0,225 ),6) 265 

0.251 -4.11 )96. 

0.269 4.5~ 547 

0,285 -4:82 724 

0.29) 5.21 '918 

0.)04 ~5.)0 .1144 

0.)04 5;61 1)82 

0.)15 -5.65 1660 

o.J,08 6.11 -1940 

11/2 [615]1 Q(IJ -l~e(~l . 

0.76 0 
. 0.112 -1.71 . 106. 

0.155 2.44_ 2)6 

0.185 -).01 )88 

0.208 )~48 565 

0,226 -J,85 767 

0.240 4.19 . 994 

0.251 -4.45 . 12.46 

0.62 0 

0.140 rl.42' 121 

. 0.192 2.04. 266 

0.227 -2.5) 4J7 

0.252 2.94 . 6)4 

0.271 -).28 857 

0.285 ).58 .1106 

0.295 -J.BJ ·1J8J 

~ ,~, 

[k~l 

0 

70.9 
161.1 

269.5 

404.7 

546.6 

7)5.6 

902.) 

1155.7 
1))4.11 

1664 ·'• 
184).1 

j. 1151 
(() t:«.P· 
(ke"/j 

0 

105.) 

2))~8 

)87~1-

561 • .5 
765.6 
980.0 

0 

122.7 

. 268.9 

4)8.7 

6)1.5 

848.5 

1085.2 



\to, 

'"-··:.· 

of Ll from nucleus· to nucleus. The moment of inertia fJ'd· , aris-

ing from the centrifugal interaction, depends strongly. on Ll and 

on the degree of partiule population of the levels coupled 

by the Coriolis interaction (the latter dependence is characte-

rized by the variation of {jc . val~e 
approximately the. same 6. value). 

in different nuclei with 

: 

To characterize the "inert" core that does not take part in 

centrifugal interaction the values of 1/o = ::-!c are calculated 

and listed in table. 2. ·It is necessary to note that the fluctua

tion of ff~ in different nuclei with the same· number of neutrons . 

does not :exceed usua.lly 10% and is essentially smaller than the 

~fluctuation of !c (compare, e.g. 155Gd and 159Er, 157Gd ~nd161Er 
and so on): 

At las·t, we should point out that comparat:J.vely small nUmber 

·of levels near the Fermi surface, coupled by the Coriolis force, 

gives an essential contribution to the effective moment of inertia 

(usually ~c. X 1/4 ~ )_;, 

4. Comparative behav.iour of· the energy gap and· the moment of 

inertia in odd-mass and even-even nuclei is presented in Fig.4. 

As a rule, !::.odd obtained. from th·e rotational band analysis, fol-

. lows the trend of !::::.even' obtained from the analysis of paii· ener-:: 

gies in neighbouring even-even nuclei. Their difference can re

sult from the blocking effect, e.g. 

It is remarkable also that the effective moments of inertia 

in odd-mass nuclei are close to experimental ones in neighboUring 

even-even nuclei and follow the general trend of the latter. De

viations from a smooth behaviour of ~odd a;e connected, as a rule. 

With the change of the band .. -head level (roughly speaking, it can 

be associated with the dependence of ~odd on the·_ approx.imate K 
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quantum number)., That is especially noticeable in the Er isoto"

pes:, rot~t~onal b"a.nds in 157Er ~nd 159ir conta~n large compone~ts 
of 1/2+ (660] and J/2+ [651] states, in l~l-l65Er 5/2+ [642( state 

and in 167Er 7 /2+ [6JJ] st~te ·' In a number /of> >nuclei onl/ a fe~ 
lowest rotational lev.els are known, therefore it ·is 'difficult to 

obtain reliable values of /). ·and. 1/9-fJ 167 .for them (e.g., in Yb). 

5. Characteristic deviations from the Alaga rulerfor the :i.n'-

traband branching ratio connected' with the nonadiabaticity are 
. . 

shown in Fig.5. The Alaga rule is violated essentially only in the 

case of a very strong K-mixing (e.g., in l57Er, 
161Er, '161

ny 

nuclei). ThiS result iS. quite natur~l, since .:the Coriolis int~rac-" 
tion, concerning a small number of single~particle states, cannot 

" .. . . . . 

perturb strongly the nuclear quadrupolE! moment... . 

Comparison of the c.alculated branching r~tio 8(E~I-.I-.2~(E~,r-.r-~ 
with the ·experime.ntal, data .was made for 9/2+ [624] rotational . 

bands in 177nf and l79JU: · (Fig.6). 'De.viations from the Alaga rule 

ar~ wH;hin the. experimental measurement errors. In both the. nuclei 

however, nonadiabatic and polarization effects. are quite noticeab

le; in the rotatio~al energies and,wave fu~C:tions (see Tables 2 

and 4)~ The reliable experimental data for branching ratio·in 

ot~er nuclei are not yet availabl~. 

6. In order,tp test the validity of the quasi'-classical ap:: 
. ~ .. . . . . .. ··. x/ . . 

proximation in calc·ulating R·,·,· equation .(28) for the energy 
' ·. . J . . . '· . 

shift EK-:-WK . of one-quasi-Pa-rticle leveJ,.s arising from. the' 

three-quasi-particle admixiures has been solve·d. It .turned out' . ;, . . . . . . . ~ ',. . ·. 

that these shifts are s~all (~ 50~100 keV) and ~ligl1~ly varied 
. •. 

. x/ He~e1and beiaw.w.e refer to. the equations and formulae 
from .paper/5 • · 

:. ,.-
· .. -: :;_,_ 

18 ·. 

'· 

n 10 

5 

1.0 

0.5 

0.1 

'· ':-

B(E2,I-I.,-2)/B(E2,I~I-1) 

•'. 

.· 

• t ~ 

157Er .. 
159Er 

161Er 

t •. 

K•7/2 

Fig. 5, Nonadiabat~c deviations 'tram Alaga rule for 
intraband E2 -transition branching ratios. Solid line 
correspond . to Alaga rUle for a certain K ·quantum 
number, dotted lines are calculations with ·the para

. meters as given irt table 2. : 

7/2 9/2 11/2 lJ/2 '15/2 17/2 19/2 21/2 2)/2 25/2 '27/2 29/2 
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Fig. 6. Experimental E2 -transition branching ratios within 9/2+ [ 624] 
rotational band in 177 H£ and 17911£ {vertical lines, corresponding 
to the error of. measurements)/15/ are ·compared with thE! predic
tions of .Alaga rule (solid .lines) and nonadiabatic calculations :"'1th 
the' parameters ·as given in· table 2 (dotted· 'lines). · · • .. 
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'~ 

:, '_'·.· i ... ·,· 
-·., 

from level to level. .The total admixture of-three-quasi-particle 

.states do~s~not exceed l-2%•of the nor~. Thus, approximation (J6) 

. seems to be: .justifled 1~ th~: ~~5~ when .. I EK ~ EK., r:s lLl~In t~~ op

poslte case, the qu~ntity\·.d~t<' d~.t?rriJined .by' eq~(29) may bec~me ~eg~ 
tive. In that ·event the polarization factor .Rj (KIK,'J_;z; f. (see·, 

eq. (J5)). Howev~r;': the effects of the.Coriolis c·o~pling ·of Widely 

... " :~ 

.. spaced ~ev'els (I EK- El<,f > .2.t1 J are usually sm~ll (se~;,· e.g·. the 

~ontr.ibution of 9/2~ [624] ~tat'e, tabl'e. 1). An example of calcula

t,.~on o~· the poiarization .matrix Rj .. (KJK') ~s given by eqs...- ~29). 
and (J5) is presented iii Fig'.z. The tendency of decreasing· o{. 

. ' ' "··.·· 
, Ri (K, K'J with increasing the sp~cing between coupleq levels :~:5 . 
seen •. This tendency is valid only .. for· t'he coupling of levels )Vi th 

jE.K-!::~~~~.2-Ll. Howe.~er, b~cause of_'b~t~-t~e·~s~_?'foth.e/ .. 
app~oximati~ns (sta:ic :approximati~n fo~ .!:J. and rJ. 

7 
negiect .of 

the·residual quadr.upole force, et.c.).and the complication'of nu·-. . ' 

merical calculations, the employment of such a detailed. polariza~. 
~ ~ . ' ' t . 

tion matrix seems to b'e unjustified~ 

At first sight it seems surprising the applicability of the· . . . . . . -· .· . ' 
static approximaUol?- b,.:. Con;st .. and (/:: C..Ott.1i • to tlie descr~.p.-

tion of high spin rotat·ional states in odd-mass nuclei. Indeed, 
~-. 

the theory predicts for even-eve~ nuclei a quick change of the 

energy gap ( espeUallj' .the neutron gap) and the moment o:!l: in~rtia 

with the increase o'f rotational frequency (see, e.g. 'ref.fH:i/). 
. . . . ~ . 

It.have been pointed out in /ll/ that in odd-m~s~ nuciei·the 
~ .. . 

mixing of single::..partic.le states' stabilizes effectively the energy . . . - . . . ' ' 

gap val~e' due to ·the strong deviation of the rotational energy . . . 

from the I(I +1) law. JustHication of. the ~~a~ic approxirri~tion 
can be found, however~ by ineans of solving' the dynamical .equations 

' . .. . . ; . . ' ' ' ' . . . 

for. the energy gap and moment of inertia in odd-mass nuclei. This 
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I 
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I 

7/2 5/2 9/2 J/2 1/2 I 
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Fig. 7. Polarization matrix R. (K, K ') for the renormalization of the ·matrix 
elements <K~I j + I K '>• betwee~ the' ·states of,· i 13 ! 2 subs hell in 169 lh (rota
tional band on 7/'2+[ 633] state) •. Calculatio~s .:.re performed with 0 = 0.27:>, 

K = · O, !'J. = 0.53 MeV and 1/2~ ,; 12.8 keV. 
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problem will be considered in the third part of this series. 

Conclusion 

In choosing the resid~al interactions between nucleons we were 

influenced by the following considerations. 

i) It is necessary to take into account those interactions 

which strongly affect the single-particle spectra and give. the co

herent contribution to the renormalization of the Coriolis force. 

ii) On the other hand, it is desirable not to overcomplicate 

at the first stage the theory and to conserve the possibility of 

performing the comparatively simple numerical calculations. For that 

reason we do not include in the intrinsic Hamiltonian the quadrupole 

and octupole residual .forces which complicate noticeably the struc

ture of excited states (see, e.g:,·ref./12/). All the rotational· 

bands, considered in the present paper, are built upon the ground or 

low-lying intrinsic excited states, which contain small admixtures 

from the interaction between quasipartic1es and vibrational _phonons. 
. ~ 

The polarization factors Rj were calculated in the quasiclas-

sical approximation which permits us to give the simple physical in

terpretation of the polarization effect in terms of renormalization 

of the effective moment of inertia entering the Coriolis force. 

This approximation allows one to simplify significantly the nume-

rical calculations. 

In all the nuclei considered the polarization effects are 
~ . . 

strong and the dispersion of values of Rj around the average value 

0.1 is not large. The renormalization of the Coriolis force is most 

ly due to the centrifugal interactions. The role of the spin-spin 

interactions is effectively reduced to the change of the energy gap 

parameter. But such a conclusion can be drawn only for the rotation 

2J-



bands which are built upon the single-particle states originating 

·from the spherical subshell with large ~~value. 

.The calculations performed have shown that the method suggested 

in ref./
5
/ gives the fairly good description of the strongly distor

ted_by the Coriolis force rotational bands up to the large spin valu~ 

es using the effective parameters(/ and L1 in the static .:limit. It 

occured that the effective values .of f/ and L\. in odd-mass nuclei 

follow the behaviour of those values in even-even nuclei. Usually 

the results of calculations slightly change with the small variation 

of deformation if the Coriolis mixing involves more than three single· 

particle states. 
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