IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Magnetic moments and magnetic dipole transitions in deformed nuclei

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
1969 J. Phys. A: Gen. Phys. 2 456
(http://iopscience.iop.org/0022-3689/2/4/007)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 129.252.86.83
The article was downloaded on 31/05/2010 at 16:06

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0022-3689/2/4
http://iopscience.iop.org/0022-3689
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

J. PHYS, A (GEN. PHYS.), 1969, SER. 2, VOL. 2. PRINTED IN GREAT BRITAIN

Magnetic moments and magnetic dipole transitions
in_deformed nuclei

V. A. KRUTOV and N. V. ZACKREVSKY
Physical Research Institute, Leningrad State University, Leningrad, U.S.S.R.
MS. received 27th February 1969

Abstract. The magnetic moments of the lowest rotational states of even—even
nuclei and the probabilities of magnetic dipole transitions between these states are
calculated on the basis of the model suggested by Krutov in 1968, the non-axiality
of the nuclear equilibrium shape and the difference between the mass and charge
distributions being taken into account. The results of calculations are compared
with the available experimental results, the agreement being reasonably satisfactory.

1. Introduction

The magnetic moments of the rotational states of even—even nuclei and the magnetic
dipole transitions between these states are described at present in a number of rotational
models (Bohr and Mottelson 1953, Davydov and Filippov 1959, Nilsson and Prior 1961,
Greiner 1966), all of them being based either on the suggested analogy of the nucleus with
the ideal liquid drop (Bohr 1952, Bohr and Mottelson 1953) or on the assumption of
Inglis’s ‘cranking model’ (Inglis 1954, 1956). In the simple rotational model of Bohr and
Mottelson the gyromagnetic factors of the rotational states are equal to Z/A4. Nilsson
and Prior (1961) obtained results differing from Z/4, the magnetic moments being calcu-
lated on the basis of the ‘cranking model’. In their paper the difference of the neutron
and proton pairing constants was taken into account. The difference of the neutron and
proton distributions was derived by Greiner (1963, 1966) from the discrepancy between
these constants using the ‘quasi-spin’ model (Kerman 1961); the magnetic moments of
the rotational states were calculated on this basis in the framework of the Bohr—Mottelson
hydrodynamic formalism, somewhat modified by Faessler et al. (1964). The magnetic
dipole transitions between the rotational states with /7K = 272 and I"K = 2*0 were
considered by Greiner (1965, 1966) in the same way. It is worth noting that the admixing
of M1 transitions with E2 transitions is impossible in the simple rotational model. To
derive the M1 admixture Davydov and Filippov (their model too is based on the analogy
with the liquid drop) had to consider terms of the second order of smallness in the magnetic
dipole moment operator?.

In the present paper the magnetic moments of the rotational states are considered on
the basis of the rotational model suggested by Krutov (1968 a, b, to be referred to as I
and IT respectively). In our approach the non-axiality of the nuclear equilibrium shape
and the difference in mass and charge distributions in the nucleus is taken into account.
The difference between the parameters of the total deformation of mass and charge was
calculated from the positions of the first levels in even—even nuclei with I*K = 1-0, using
the ‘charge oscillation model’ (Krutov 1968 c, to be referred to as III). The mass and charge
non-axiality parameters were derived, respectively, from the energies of the first two rota-
tional levels with I” = 2% and from the ratios of the reduced probabilities of E2 transi-
tions into these levels from the ground state (Krutov and Zackrevsky 1969, to be referred
to as IV). Using these values the authors calculated the gyromagnetic factors of the rota-
tional states with I”K = 2%0 and I”K = 27*2 and the probabilities of M1 transitions between
these states for a number of even—even nuclei. (The M1 admixture appeared in our approach
owing to the difference between the charge and mass non-axiality parameters.) The
results of our calculations are compared with the available experimental data and with the
calculations by Greiner (1965, 1966).

+ This approach is doubtful as it is based on the fact that the angular momentum and magnetic
dipole moment are calculated with different accuracy. As is shown by Lipas (1964), the M1
admixture disappears when both the angular momentum and the magnetic dipole moment are
calculated with an accuracy up to terms of the second order in the deformation parameter.
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2. Magnetic moments of the rotational states of even-even nuclei

The magnetic moment of a system of charge, distributed with density p(’) and rotating
with angular velocity w, is given by

p:—z-sz—cj {r' x (pwoxr")}dr’ (1)

r’ being the coordinate in the fixed-body system. This expression for g is similar to that
for the angular momentum I with the only difference that p(r') is replaced by (e/2mc)p®(r").
In accordance with the model suggested in I only the ‘moving density’ (instead of p(r’))
should be taken into account in the expressions for the moments of inertia (J, = Al /w,).
Its components are equal to

pi(r) = p(r") = {Pmun(r )}y (2)

where {py,(7')}, is the minimum density under the rotation around the » axis.

Evidently a similar replacement should also be carried out in p®(r’) when @ is considered.
Then we have

Wy = s *Jj—j I, = ppg.I, (3)
where
e = pr7 = (2, dr’ (4a)
BE(r) = p°(r) = {(punlr )}y (40)
J, =,’ puir?—(x,)2} dr’ (4¢)

and ug = e#/2me, the nuclear magneton.

We shall note that the value of J,? so defined can be only condmonallv called the proton
‘moment of inertia’, since the effective moment of inertia ]1, as is seen from the expressions
for p, and ,%, is not the sum of the corresponding values for the protons and neutrons of
the nucleus.

For the practical calculations we shall assume the mass distribution to be represented
by an ellipsoid with a sharp boundary, and we shall consider the form of the charge distri-
bution to be the same. (The only values which are different are the deformation parameters
and the equivalent radii of distribution.) Using the formulae (44) and 4(b) for the moments
of inertia from IV, we obtain the following expressions for the g, factors:

\

glvzzé(%)z){l Bsﬁe ﬁ‘z(ﬂ)lfzﬁﬁeﬁ“ﬁﬁes( VeI
s
- 2 B2 e

where 8 and B, are the total deformation parameters, y and y, are the parameters of non-
axiality, R and R, are the equivalent distribution radii (respectively for mass and charge).
The gyromagnetic factor g for the [IK) rotational state is found to be the mean value

of the operator
w1 Zvuv I,

I+1° I+1°

(6)

ﬂ:
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Neglecting small admixtures of states with K’ % K (cf. IT and IV), i.e. using the symmetric-
top wave functions ®@,,7 as the rotational ones, we obtain

1 ‘
ga(IK) ~ 7 {Duyg' | ICDMKI>

_g1+g2{ K } K?
T2 1)) " 101y

The difference between the parameters of mass and charge deformations necessary
for the calculation of g, may be determined in principle from the values of the moments
of inertia and the quadrupole moments of the nuclei (see I and III); however, the differ-
ence of charge and mass distributions being small, any exact determination of this value
in such a way is difficult for most nuclei. Therefore, to derive the difference between
the parameters of total deformation (8—f.) and between the corresponding radii
(R~ R,), we shall use the charge oscillations model (IIT). According to this model the protons
may oscillate as a whole inside the nucleus, the energy of these oscillations being found to
be connected with the parameters of mass and charge distributions in the nucleus. The
low-lying state with 7K = 170 in the deformed even-even heavy nuclei is one such charge
oscillation, The difference between the parameters of mass and charge distributions can
be derived from the energies of these states (I1I):

()

c 4 12
B—B. ~ 3-75( 7 ) E,-~124-13 (8a)
152 A— 7)1
R-R, ’ ( ) E,--1i2 (85)
= 110638,

where E, - is the energy of the first level I°K = 170 in Mev (we consider R, to be equal
to 1-2164/2 fmf).

The results of the calculations of 8— B, for the deformed even—even nuclei with 4 > 150
(when the energies E,- are known) are given in table 1; the experimental values of E;-
were taken from Begjanovand Rackovyzky (1966) and Backlin et al. (1967). Asisseen from
the results in this paper, the difference in the deformation parameters is not large, although
it becomes considerable for some heavy nuclei; this fact is connected with the low positions
of the levels with I*K =170 in these cases (see III).

As is seen from equations (5) and (7), the 27 0-state gyromagnetic factors are independent
of the non-axiality parameters and may be derived from the energies £, - and the parameters
Bo. Taking into account only the terms of first order of smallness in the expressions for
the g, factors, we obtain

£a(20) =§(%)2(1—’8;Be+0 3488, ﬁﬁﬁ‘“‘ ) (9)

The results of the calculations of gr(20) in accordance with equation (9) are given in
table 1 for all the deformed nuclei with 4 > 150 with known energies E;-. The S,
parameter was determined from the experimental data on the quadrupole moments of the
nuclei (Dzhelepov 1966, Stelson and Grodzins 1965). The experimental values gi(20)
were taken from the papers by Dzhelepov (1966), Wolfe and Sharenberg (1967), Kurfess
and Sharenberg (1967), Miinck ez al. (1966) and Keszthelyi et al. (1965). As is seen from
table 1, the agreement between the theoretical values of gg(20) and the available experi-
mental values is satisfactory. Unfortunately, as far as we know the values of gg(20) have
not yet been measured for the actinides, and this fact limits the possibilities for comparison
with experiment.

1 It is worth noting that in this case one should use a somewhat larger value for R than in IV.
However, this specification is not essential for the present as the available data contain considerable
experimental errors.
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The parameters of charge and mass non-axiality are necessary to calculate the 2+ 2-state
gyromagnetic factors of the non-axial nuclei. For deriving these parameters one may use
the calculations, carried out in IV, where the parameters of the mass non-axiality were
determined from the energies of the rotational states with ["K = 270 and 272, and the
parameters of the charge non-axiality were calculated from the ratios of the reduced
probabilities of E2 transitions between these levels. The ratios y./y taken from IV are
presented in table 1. The gyromagnetic factor of the 2+2 non-axial nucleus state, in accord-
ance with equations (7) and (5), is equal to

2258 -1
:—zggR(ZO)(Zf-FO-S). (108)

The results of calculations of gr(22) according to equation (10a) are presented in table 1
in the ninth column. Unfortunately, at present, there are no reliable measurements of
2r(22) for the nuclei with known energies E;- (for these nuclei the ratios 8,/8 and R,/R
can be derived). For this reason the g»(22) were calculated from equation (100) using the
experimental values of gg(20) (as is seen from table 1, in the cases where the data necessary
for both formulae are available, the results obtained from (10a) and (105) are close).
We know of experiments measuring gg(22) for only two nuclei (*380s and *°¢Pt) (Keszthelyi
et al. 1965, Murroy et al. 1967). The agreement of these results with our calculations is
quite satisfactory (see table 1).T

It is worth noting that for a number of nuclei, as we have found, the value gg(22) is
equal to or exceeds unity; the experimental verification of this fact seems to be of great
interest (in the Davydov-Filippov model the value gg(22) should be close to Z/4 for all
nuclei). But one should bear in mind that the values of y,/y were, perhaps, derived with
large errors due to the inaccuracy in measuring the ratios B(E2|00-22)/B(E2|00--20)
(see IV). If more precise values of y,/y are used, the values gp(22) may change.

3. Probabilities of magnetic dipole transitions between the rotational states of
the non-axial nuclei

In this section we shall consider the electromagnetic transitions between the first
rotational states with I7K = 2%2 and 2%0. It is worth noting that in our approach the
M1 admixture to E2 transitions between the 2*2 and 2%0 rotational states results from
the difference in the nuclear parameters of mass and charge non-axiality.

Now we shall calculate the values connected with this admixture. The reduced prob-
ability of M1 transitions between the 2*2 and the 2+0 state is given by

9
B(M1|22520) = 20m > [2M'0|ug|2M2) 2 (11)

T MM’

M and M’ being the Z components of angular momentum in the initial and final states
respectively. Using the wave functions from II or IV and taking into account the most
significant terms, one obtains

malz) o)

BON2220) = s 5(F) 5 (=)} - (12)

2707 4
T We shall note that, according to Greiner’s calculations (Greiner 1966), the value gr(22) (the
27%2 state is treated by Greiner (1966) as a y-vibrational one) should be close to, but always somewhat
larger than, gz(20). This result contradicts the experiment for 128Q0s and 12*Pt.
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We shall designate, as usual, the ratio of the intensities of E2 and M1 transition probabilities
by 82:

(3)2 1 T(E2|22-20)
E/  E? T(M1]22->20)

where E is the transition energy. Using equation (12) and the results for B(E2|22->20)
from IV and considering only the most significant terms, we obtain

%N 0-352% QO(R)2§8(1—i)_1 (13)

where Q, is the intrinsic quadrupole moment, The results of the calculations of lg(8/E)?
for the nuclei with known energy F, - are represented in figure 1 by the full line.

To increase the possibility of comparison of 1g(8/E)? with experiment the values
B/B. were also determined from the experimental values gr(20) using equation (9). In this
case 8/F may be written approximately as follows:

~ 0 L A
__osszgogR(ZO)(l ye) . (14)

The results of the calculations with equation (14) are represented in figure 1 by the broken
line. The experimental data are represented in figure 1 by triangles and arrows (the arrows
mark the highest and the lowest limits of the quantity) and are taken from the paper by
‘Greiner (1966). The nucleus ?*2Th is the only one among the actinides for which the
experimental data are available to calculate 1g(8/E)2. In this case our calculations give
lg(8/E)? = 2-23.

The results of Greiner’s calculations (Greiner 1966, one of the two calculated curves)
are represented by the broken line with crosses.

As is seen from figure 1, our results prove to be rather close to Greiner’s results,
though the models used are different.

1
30 ];
. I
y ~
e %/ ~
=2 2.0k \/x‘)(

o] S R SN N RN NN NN N N (OSSN SN OO HOOV N VO SO S

fSONd f54sm |56Gd |6CGd |52Dy lé’oEr léSEr 172Yb 492w 45805
Issz |54Gd VSBGd :6CDy 164[)y \66Er ‘VCEF \76Yb IBéw )94Pt

Figure 1. Relative intensities of E2 and M1 transitions between the 22 and 2*0

rotational states. The full line represents the results of calculations in accordance

with equation (13), the broken line those in accordance with equation (14). The

experimental data are represented by triangles and arrows, The broken line with

crosses represents the results of Greiner (1966).
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