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1. Introduction 

Non-adiabatic effects in nuclear rotational motion have 

been known for a long time. They show up in different proper

ties of rotational bands such as ; 

(1) the deviations of energies and transition probabi

lities/1/ from the prediction of the rotational mo

del/21, 

(2) the change of nuclear charge radii as observed in 

Mossbauerf3/ and muonio/4/ isomer shifts. 

These deTiations indicate a change of tile intrinsic structure 

in the rotating nucleus. Besides the direct perturbation of 

the nuclear orbits by the Coriolis force,there arise a change 

of the average nuclear potential (stretching effect) and a 

change of the pairing potential (Coriolis antipairing effect). 

Mic;oscopic calculations of these dynamics/5-7/ showed the 

right trends, but usually gave too large values for the non

adiabatic quantities. 

In this work, second order cranking theory is used as 

in the work of Marshalek/7 I, but instead of the pairing-plus

quadrupole force Migdal's effective particle-hole (ph) and 

particle-particle {pp) interactions/a/ are applied. The re

sults of the cranking calculation in first order for moments 

of inertia ~d grromagnetio ratios have already been published/?/ 

In second order, changes of mean square radii have been obtained 

in almost quantitative agreement with Mossbauer and muonic 
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isomer shifts/101. Here, we present the corresponding results 

for the changes of the quadrupole moments. After a short 

review of the theory, the results for mass and charge quad

rupole moments are discussed and compared with the experi

mental data. 

2. Theory 

The rotating nucleus is described by the cranking single 

particle density 
lW) lO) l.') ~ d') 

~ = ~ + w~ + ~...:. ::~ + 
with the angular velocity 

w ~I(r.,.A) 

The moment of inertia 
"} 

J. :a T-r- { J-<- ~(1) ~ (1) 

and magnetic properties of the rotational states are deter-

mined from ~l•) • In second order, the change of the quadru

pole moment 

c\ <a'> = ~ -r.; f Q (4'1 
w ~ ~ J l 

(2) 

and the change of the mean square charge radius 

b("j.4) & 
1..:>~ h ~ -l. <.~) 1 T ""1" Tp ~ J 

(3) 

are obtained (Z the number of protons). The equations for 

f'\ end ~ul , developed in ref.l1011 have the fora 
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but the gap equation 
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"• 
now contains the same pp-interaction F PP as in eqs. ( 4) and 

(5). It is chosen :f'or T = 1 pairing 

Frr = C. Lrr . ~ (~ - ~: ) 

Similarly, the ph-interaction is taken as 
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is used in the calculations. For details of the sinai• 

ticle basis see ref./101. 

,. Results ap.d Concl118ions 

Table 1 presents the calculated changes of charg 

mass quadrupole moiUilta ~ < Q I') -t:h ( $.: < Q M) t-1, ) 

2+ ~ o+ transitions. £<a '>*1.. ia determined from th 

change of' the densit,- ~l4) aa ~<..,...r4) in re:t/
10

/ (a 

1, colwm 7). For comparison, the experimental ground 

quadrupole aoaents <QI' )exp ./lllt're given in colUIIIl 

lum.DB ,_5 display the atrong influence of' the two res 

interaction& pPh and pPP on the calculated f) < C 

showing the three cases: 

(a) without residual interactions, 

(b) onl.J with ph interaction an4 

(c) reaults of the :f'ull theoJ:7. 

Bote tbat pairing in the ground state bas been taken 

account in all three cases. The increase of s;<a.) cl 

the residual interactions is particularly sharp :f'or 1 

B • 90 nucleij fo~ well deforaed nuclei onl.J FPP pla 

doainant role. 

:rurtheraore, the change of' the mass distributim: 

is persistentl.J larger than the change of' the charge 

bution i & <a,) at the beginning of the de:f'oraed r4 
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thus indicating a different behaviour of' protons and neu

trons. In order to test the classical relation 

~<'"~'"pJ. >o. " <ar~ g<'QI") 
U" <..,.."""> 

( < ..,..,.. ) • J • A.2 
2

• R { ) 

which follows for a homogeneous liquid drop of' sheyoidal 

shape under the assumption of' volume conservation, the 

values ~<-r;>o are given in column 6. They should be com

pared with the microscopic ~ < -r-r.z) in column. ? calculated 

according to eq.(3). As the .S<...-t>Q are f'ound to be lar

ger than ~<..,..t> (more than 50% f'or N = 90 nuclei ), we 

conclude that ~he assumptions of the liquid dropJwhich are 

frequently used,do not hold. 

In Table 2, the theory is compared with some experi

mental results. Direct evidence for .S<Qr'> has been obtained 

from lifetime measurements/1/ in rotational bands using the 

relation 

o<. I (I~-1) = 

BCE2; 2-., 0 )<ro20kN)o)..._ ~<a,<<>) <•o•ot<>oY[1 + t(nn,)•~-,)(r-<~ 
<a.,> 

B C E 2. • r _., :r- .2. ) .. 
I 

Alternatively, the parameter o<.. can be determined f'rom 

~ -band mixing and f'rom Coulomb excitktion. In column; 4 

and 5, experimental "<eJ(r 111 are com.pared with the theoreti .... 

cal results of' this paper. For comparison, Columns 6-9 give 

also experim.ental and theoretical results/101 f'or Mossbauer 

isomer shifts £: < ..,..t) and m.uonic isomer shifts ~ EJ..~ . 

• 

~ 
IJ 
I 

\I 
!\ 
I 

It is seen that the different experimental quantities 

simultaneously described by the theory within the expe 

tal errors. 

A discrepancy is obtained only for £ <-rt> of' S 
~ H, 

Since the theoretical value £ < .,...f )> is found to be r 

stable again& shifts of' s.p. energies and parameters a 
th <a• since the corresponding ..C: compares well with oe. 

the experimental value £<..,..t)e~r should be remeasure 
rE.:~ (" ..,svr a measurement of' ., -r in ;)"""' would be higb.ly desi 

One of the authors (J.M.) thanks Prof'. V.G.Solovi 

warm hospitality he f'ound at the theoretical laborator 
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f'or stimulating discussions concerning this work and D 

hailov f'or help in preparing the manuscript. 
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Tab l e 

Nucleus 

Jd150 

Sm152 62 . 

b2 
SM154 

64 
Gd154 

64 
Gd156 

Gd158 
64 

64 
Gd160 

66 
ny15b 

66ny158 

b6 
Dy160 

66Dy1p2 

1. 
Change of Charge and Mass Quadrupole Moments for 
2 ~ 0 Transitions. Comparison of S<~>a.Derived 
from s;;<o.r'> by the Liquid Drop Model with Microsco
pl.c h<""*'> 

<..::~.l,)<p · ~ S<a1,)th ( ~ .b<aM>-t"' ) $.<1"'r~.>: £(-rp1"' 

[<~:.e.-] [.,_,-s b] [Ad" 3 fn, 2. J 
ref. 12 FPP .. ~rt. .. o FI'P .. o full theory ref.11 

5.15 4.6 42.6 247.9 43.70 18. 
(7.4) (57-5) (303.4) 

5o9} 2.1 22.7 119.? 23.25 14. 
(5.?) <:?5.8) (159.6) 

6.65 0.4 1.5 24.8 5·3? 5o5 
(1.2) (2.5) (33.0) 

6.15 1.4 ,6.6 1?5.5 34.2 21. 
(7.2) (70.8) 090.8) 

6.91 0.5 1.4 11.3 2.44 2.0 
(1.4) (3.0) (16.7) 

?.20 0.3 1.3 ?.0 1.56 1.4 
(1.0) (2.8) (8.'/) 

7.43 0.2 0.5 3·9 0.89 O.? 
(0.5) (0.8) 

I 
(2.4) 

6.13 -o., 8.3 49.1 9.12 -o. 9 
(?.4) (.;4.4) (120.3) 

6.?? -o.a -o.a .:,.4 o.?o -1. 7 
(1.8) (1.2) (5.0) 

?.1, -o.8 -1.2 0.5 0.11 -1. 48 

(0.3) (-1.2) (-1.2) 

?.18 -o.? -1.0 1.0 0.21 -1. 6 
(-o.o) (-0.5) l1.2) 
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<ar)-.r ~ S<ar'f'\ ( R1 ~<aM>i~) ~(,-4\ p / 

[e.b] [1o-'> ~b] (-1< 

Te. f ./-11./ FPP= fPh.., o FPfo fu.Ll theory 

ny164 
6b 7·37 -o.6 -1.4 -o.o 

(-1.6) (-2.3) (-1.4) 

68 
Er158 5.26 5.4 a., 14.4 

(7.8) (19.4) (29.6) 

Er160 6.52 1.2 5-3 ,.6 E 
(4.3) (12.1) (13.9) 

Er162 '/.01 0.6 0.7 1.3 E 
(0.8) (1.4) (2.9) 

Er164 '/.42 0.3 -o.1 1.4 3C 
(0.5) (-o.o) (2.4) 

Er166 . ?.58 . 0.2 -0.4 1.1 4 
(-1.0) (-1.0) (0.8) 

Er168 ?.60 0.2 -Q.3 2.8 60 
(-0.5) (-o.a) (3.3) 

Er1?0 
. 

?o5? 0.2 o.o 4.1 6 
(0.0) (-0.3) (5.3) 

Yb168 ?.39 1.4 0.6 2.2 44 
(-0.4) (-0.5) (1.9) 

n1?0 . ?.5? 1.3 0.7 ,.6 3 
(0.0) (-0.2) (4.3) 

\, 17.2 ?o81 1.2 0.9 ?•· ') ~ 
(0.!,.1) (u.~) (/1. '/ J 

. ---- .. --- -· ,· ----·-· --
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Change of Charge and Mass Quadrupole Moments for 
a b l e 1. 2 ~ 0 Transitions. Comparison of S<"1>a.Derived 

flom h<G.r'> by the Liquid Drop Model with Microsco-
p c h<.,..,;'> ' < ar)~P ~ S<ar~'\ ( A1 & <aM>i~) ~(,-::-f" g(t-(J p 0. 

Nucleus 
< (L<p 

I Q.l'~ · ~ s<o.p)th ( ~ .b<aM>-~:" ) Jl<.-r'">: f.(-rr1"' [e.b] [10-~ eb J ( -10-3 fm~ J 
[e:.e.-1 [,o··S b] [..to- 3 fn, 2 J ,-e_ f ./-12./ FPP= fPh~ o FPeo fu.LL theory '~f./11 

ref. 12 FPP: ~ph=O FI'P ... o full theory ref.11 ny164 
6b 7·37 -o.6 -1.4 -o.o o.oo -0.99 

d150 5.15 4.6 42.6 247.9 I 43.70 18.40 (-1.6) (-2.3) (-1.4) 

(7.4) (57·5) (,03.4) 

sm1.52 I 5·9~ I 2.1 22.7 119.7 I 23.2.5 14 • .59 2 . 

Er158 ,5.26 ,5.4 8.3 14.4 2.22 -2.83 ; 68 
(7.8) (19.4) (29.6) 

(5.7) (35.8) (159.6) 

SM154 I 6.65 I 0.4 1.5 24.8 I 5·37 5·55 2 

. Er160 6.52 1.2 ,5.3 3.6 0.66 -1.38 
(4.3) (12.1) (13.9) 

(1.2) (2.5) (33.0) 

6.15 I 1.4 0:!9.6 175·.5 I 34.2 21.0:!4 

I, Er162 '/.01 0.6 0.7 1.3 0.26 -0.,57 
(0.8) (1.4) (2.9) 

(7.2) (70.8) (390.8) 

6.91 I 0.5 1.4 11.3 I 2.44 2.06 

.. Er164 '/.42 0.3 -o.1 1.4 o.,a -o.21 
(0.5) (-o.o) (2.4) 

(1.4) (3.0) (16.7) 

7.20 I o.~ 1.3 7.0 1 1.56 1.48 

~ Er166 . ?.58 . 0.2 -o.4 1.1 0.24 0.16 
(-1.0) (-1.0) (0.8) 

(1.0) (2.8) (8.'/) 

7.43 I 0.2 0.,5 3·9 1 o.89 0.76 

Er168 7.60 0.2 -o.3 2.8 0.60 0.?3 
t (-0.5) c-o. a) (3.3) 

(0.,5) (0.8) (2.4) 

6.13 I -o.3 8.3 49.1 1 9.12 -o.89 

- ' . Er1?0 7.57 0.2 o.o 4.1 0.86 1.04 
(0.0) (-0.3) (5.3) 

(7.4) (~.4) (120.3) 

ny1.58 I 6.?7 I -o.a -o.a ~.4 1 o.7o -1.77 

n168 ?.39 1.4 0.6 2.2 0.44 0.04 
(-0.4) (-0.5) (1.9) 

(1.8) (1.2) (5.0) 

ny160 I 7.13 I -o.a -1.2 0.5 I 0.11 -1.48 

n17o . ?.57 1.3 0.7 3.6 0.?3 0.44 
(0.0) (-0.2) (4.3) 

(0.3) (-1.2) (-1.2) 

ny1!)2 I 7.18 I -o.7 -1.0 1.0 I 0.21 -1.16 

\"b 17.2 '?.81 1.2 0.9 '!ro I) o.n~ 0.'10 
(O.:,.,) (0.~) (It •'I J 

. -·-· .. --- -· .· .. ---·-· ---
c-o.o) (-o.5) (1.2) 
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Tab 1 e 2. Comparison o:! Calculated. o( -Coefficients, Mossbauer Isomer Shifts g<-rt> and 

Muonic Isomer Shifts &E.r with Experiment . 

(Qr'fr ~<a. :> !1. Co{ H,, .w1 o<.. e..<p, -1.0!. ;;.<..-r;J. >tl" ~<.,.t>oc.p bE '"'(t&.) ~E.:-.(up) r r r 
[e:b] [-io-Je..b] (-to-1-f--a.] [£.V] 

GC!d1.50 5o1.5a 148.6 4.81 4+2b 18.4 - 999 840(120)f 
10.50(120) g 

Sm 1.52 .5·93a 2.08 c 14.6 20(7)e 8.51 ??0( 40)f '/4.1 1.9:!;0.6 62 c 12(4)8 996( 40)g 2.2:!;0.6 

sm1.54 6.6.5a - c 
.5·.5 1.2(8)8 318 1.5.4 0.39 0.6:!;<>.6 -62 

0.7.5(.50) 8 

Cii Gd1.54 6.1.5a 112.2 3.04 d 21.2 25(5) 8 1258 980(150l 2.6+1.0 64 - c 16(3), 1185(150)g 2.7:!;0·6 
Gd156 6.91a '/.2 0.1? d 2.1 3.68 132 0( 80)f 0.6+0.6 64 - c 2.08 ~9( 80)g 0.1:!;<>.1 

a) ref.'111 b) ref.f13/ c) rex.f1/ d) re:r.f121 e) ref.f3/ 

f) ref/ 4/ g) ref.f10/ • 


