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The effect of axial and nonaxial deformations on the isotope shift of spectral lines is calcu
lated with an accuracy up to terms of order {3 3• The deformation compressibility is taken 
into account to the same order. Satisfactory agreement between the theoretical and experi
mental values has been obtained for all pairs of isotopes for which the experimental values 
of the isotope shift constants and deformation parameters are known, with the exception of 
the pair 60Nd 146- 148 . The calculations show that the effect of the nonaxiality of the nucleus 
can be completely neglected. 

IN an earlier paper [1] the author has calculated 
the constants of the isotope shift ( i.s.) of the 
spectral lines for spherical and deformed nuclei. 
The calculations were based on the method of 
Broch, [2] using wave functions obtained by the 
author.[3J The i.s. for deformed nuclei was calcu
lated with an accuracy up to terms of order {3 2, 
where {3 is the deformation parameter. 

In comparing the theoretical and experimental 
data, discrepancies were observed in a number of 
cases (for the isotopic pairs 58ce 140- 142 , 60 Nd146-148, 
148-150, 62sm151-153, and 74w184-186). It was proposed 

that this disagreement is due, first, to the inaccu
racy in the determination of the deformation 
parameter and, second, to the unjustified neglect 
of terms of order {3 3 in the case of strongly de
formed nuclei. 

In the present paper the author has made use of 
the latest results on nuclear Coulomb excitation 
to determine the deformation parameters of sev
eral nuclei. Furthermore, the calculations were 
carried to terms of order {3 3• This allows us also 
to take into account the effect of the nonaxiality of 
atomic nuclei on the magnitude of the i.s. 

Following Fradkin, [4] we introduce the notion 
of the compressibility of deformed nuclei which 
is characterized by the deformation compressi
bility parameter ~ = -5/87r. Since the calculations 
are carried to terms of order {3 3, we must extend 
Fradkin's work to include the deformation com
pressibility to the same order, that is, we take 

R!~ = R2y I 1 - (sW ± (si3Yl, 

where R is assumed to be given by [5] 

(1) 

R. = (Ll15A';, + 2.151A-'f, - 1.742A-1)·10-13 em. (2) 

The sign in front of the last term is found empir
ically by comparing the theoretical and experi-

mental data. For example, for the i.s. constant 
of 63Eu 151- 153 we obtain 438, 384, and 331, re
spectively, for the three choices +( ~{3) 3 , ( ~{3 )3 = 0, 
-( ~{3 )3. Comparing with the experimental value 
450 ± 50, we find that the agreement is best if we 
choose the positive sign in front of the last term of 
( 1). 

The i.s. constant for deformed nuclei is deter-
mined by the relation 

The method of calculating the ratio on the right
hand side is completely analogous to the method 
used by Fradkin. Taking into account (1), we ob-
tain 

{> <R.~:r>f{> <R.!~h>= 1 + I r (2r + 3)/4Jt - s21 (~1 + ~2) 2/4 

+ + [f (r. r~) ~~ + f (r. r~) ~~~ 

+(R.I2y{>R) {lr (2r+3)/4Jt- £l!J (~~- ~i) + f (r, r~) ~~ 

- f (r, ~H~}. (4) 

where 

Here y 0 is the parameter of nonaxiality, and the 
indices 1 and 2 characterize the isotopes for 
which the i.s. is calculated. The expression for 
Csph is given by ( 4) of [1]. The deformation 
parameters {3 are determined from 

Q0 = 3 (5Jtr•;, ZR.2~ Ieos ro + 0,36fl (1 - 2 sin2r0) l, ( 5) 

where R is given by (2). 
The values of the deformation parameter {3 of 

nonaxial nuclei computed according to (5) are 
-listed in Table I. For comparison, we have given 
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1024 F. A. BABUSHKIN 

in the same table the deformation parameters for 
axially symmetric nuclei ( y0 = 0 ) , taken from the 
earlier paper of the author.[t] The deformation 
parameters of some nuclei were calculated anew 
using the latest data on nuclear Coulomb excita
tion. The remaining deformation parameters not 
listed in the table but used in the calculation of 
the i .s. were taken from [1]. 

The calculated values of the i.s. constants are 
listed in Table II. A comparison of the theoretical 
and experimental values of the i .s. constants 
shows that the inclusion of terms of order {3 3 and 
the introduction of the deformation compressibility 
in these terms improve the agreement between 
theory and experiment. A large discrepancy be
tween the theoretical and experimental values of 
the i.s. constants remains for the isotope pair 
60Nd 146- 148 • This discrepancy can hardly be ex
plained by an inaccuracy in the determination of 
the deformation parameters of these isotopes, 
since these isotopes are relatively well investi
gated by the method of Coulomb excitation, and 
various authors have obtained almost identical 
values for the reduced electric quadrupole transi
tion probabilities in these nuclei, from which the 
deformation parameters are determined. 

An analysis of Table II shows that the nonaxial
ity of atomic nuclei has a very insignificant effect 
on the magnitude of the i.s. and can be com
pletely neglected in view of the limits of error of 
present-day experimental data. 
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