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ABSTRACT
Samarium isotopes (Z=62) lies in the traditional rotational to transitional-
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Keywords:

s(E2/M1) mixing ratio and X(EO/E2) (atio for selected transitions in Sm148-154 are
X (E0/E2) , calculated in the frame work of proton-neutron interacting boson model (IBM-2). The

Transitions ,

: results obtained for Samarium isotopes are reasonably in a good agreement with the
Samarium Isotopes.

previous experimental results.

Introduction

Naturally occurring samarium is composed of
4 stable isotopes,Sm144, Sm150, Sm152, Sm154 and
three radioisotopes Sm147, Sm148 and Sm149, with
Sm152 being the most abundant (26.75%) [1] .These
isotopes Z=62 and N=82 to 92 are well abrupt changes
in nuclear properties between almost spherical in
N=82 to well deformed in N=92 [2]. So Sm isotopes
have provided a useful testing ground for nuclear
structure calculations.

The Interacting Boson Approximation (IBA)
model [3-4] has been remarkably successful in the
description of the low-lying collective states in many
medium to heavy even-even nuclei. The neutron-
proton version of the interacting boson model (IBA-2),

later suggested by lachillo and Arima [5] which

distinguishes between neutron (v) and proton (7) , IS
used in the present work, a full description of the IBA-

2 is found in reference [6].
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The Hamiltonian operator in IBA-2, which
been used to calculated the energy level and hence the
gamma transitions matrix elements, has three parts,
one for proton bosons, one for neutron bosons and one

that describes the interaction between unlike bosons:

H=H +H +H
V3 v v (1)
The generally

phenomenological calculations can be written as
H=¢(n, +n,)+x(Q,Q,)+V, +V_+M

Hamiltonian used in

vr (2)
where the dot denoted the scalar product. The

first term represents the single-boson energies for

neutron and protons, €4 s the energy difference

n
between s- and d- boson and 7 is the number of d-

bosons, where # correspond to 7 (proton) or V
(neutron) bosons. The second term denotes the main
part of the boson-boson interaction, i.e. the
guadrupole-quadrupole interaction between neutron
and proton bosons with the strength XK. The

guadrupole operator is

Q,=[d, s, +s,"d ,1?+ ,[d, d, 1?
@)
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where %7 determines the structure of the
quadrupole operator and is determined empirically.
The square bracket in Eq. (3) denotes angular

momentum coupling.

V. and VW,in equation (2) which

The terms
correspond to interaction between like-boson, are
sometimes included in order to improve the fit to

experimental energy spectra. They are of the form

1 + +
v, =3 SC([d",d "1V .0d,d 1),

L=0,2,4
4
However, their effects are usually considered
minor and often neglected [7].The Majorana
M . .
term, 2, which contains three parameters

€116 aNd S5 oy be written as

Mw=%@([Sfdf-dJSJ]‘”-[Svdﬁ-dysﬂ]‘”)-Z@([dfdJ]‘”-[dvdﬁ]‘“)-
113 (5)
This work aimed at two thinks: first, to give
the Hamiltonian of IBA-2 in terms of the formalism;
second is to study the transitions probability and
ratio of Sm

mixing isotopes by use of this

Hamiltonian.

The Calculation and Results

The
A=148,150,
experimental data for the mixing ratios and X(EO/E2)

=6 (12 protons outside the

isotopes chosen in this work are

152, 154 due to the presents of

N
values. We have #

closed shell 50), and NVvaries from 2 for Sm148 to 5
for Sm154, measured from the closed shell at 82.

K,)(p,andé‘

While the parameters » as well as the

Majorana parameters Sk "with k=1,2,3, were treated as
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free parameters and their values were estimated by
fitting with the experimental values. The procedure
was made by selecting the traditional value of the
parameters and allowing one parameter to vary while
keeping the others constant until the best fit with the
experimental obtained. This was carried out until one
overall fit was obtained. The best values for the
Hamiltonian parameters are given in table-1.

Concentration was made on the 21+ to make a
reasonable fit to experimental data. A sample of
experimental and theoretical decay scheme is
presented in figure-1. As one can see an over all a
good agreement was obtained for the gamma and beta
bands for Smi152. The results in figure-2 show a
comparison between experimental and theoretical
energy levels of the ground band in Sm isotopes, the
agreement is very good for the 21 and 41, but the
model does not able to predict the 61 and this may be
due to the high spin of this state. Actually this has slim
effects on calculations of transitions probability.

Ichillo and Arima in their original interacting
boson approximation give the M1 operator in the
restricted case of U(5) dynamic symmetry [3] and as
well as the general case used by Sholton [9]. How
ever, even when starting with general operator, they
derived the E2 / M1 mixing ratio by neglecting the
term which break the SU(3) symmetries. It follows
that the reduced mixing ratio is given by the same
simple formula which contains only one parameter and
the initial and final spin, which can be derived as
fallows:

In IBA-2, the E2, transition operator is given

by,
TED —e Q +e
ﬂQﬂ' VQV (6)
where QP is the same as in equation (3) and
e ande

vare boson effective charges depending on
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the boson number "~ and they can take any value to

fit the experimental results. The method explained in

reference [10]. The effective charges calculated by this

for Sm

method isotopes

e, =10.0e fm*ande_ =13.0e fm?

were

After calculated the E2 matrix elements we
lock after the M1 matrix elements as fallows:

The M1 operator obtained by letting

=1 in the single boson operator of the IBM-1 and
can be written as
T (M) :{i}%(g L@ +g L (1))

A (7)

where 979" are the boson g-factors in units

@ _ + v YO
of HN and L _‘/ﬁ(d xd) . This operator can

be written as

3 bt of he
T(Ml) — L (8] L @ . L o L @
Fra I AR R RO R ACH Rt T i) N

(8)
The first term on the right hand side ,in the
above equation, is diagonal and therefore for M1

transitions the previous equation may be written as

T ™MD =077ld +a')ﬂ(1) —(d +a)v(1)kg” - gv) 9)

The direct measurement of B(M1) matrix
elements is difficult normally, so the M1 strength of
gamma transition may be expressed in terms of the

multipole mixing ratio which can be written as [11]

S5(E2(,,) = 0.835E (MeV).A

L ITE2 L,
A=M in eb/uN

(T

Having fitted E2 matrix elements, one can

(10)

where

then use them with to obtain M1 matrix elements and

S(E2
then the mixing ratio ( A/ll) ,compare them with
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the prediction of the model using the operator ( 9 ).

The 9= and 9. have to be estimated, if they not been

measured in the case of Sm isotopes. The g factors my
be estimated from experimental magnetic (ﬂ)

moment of the 21 state (u=2g). In phenomenological

studies 9, and g

v are treated as parameter and kept
constant for a whole isotope chain [1]. The total g
factor defined by Sambataro et.al. [13] as

g—g L.}.g L
N_+N, N, +N, (11)

Many relations could be obtained for a certain

mass region and then the average 9.andg, values
for this region could be calculated. One of the

experimental B(M1) and the relation above been used

to find that 9, -9, =0.53/N .The estimated values

parameter are

= OBLUN ,these were used to

A(E2\ M1)

calculate the ratio and then the mixing

ratio 6(E2\M1) . The ratios were calculated for some
selected transitions and listed with the available

experimental data in table-2.

The X( E0/ E2) Ratio

Monopole transitions (EO) are known to be

pure penetration effect, where the transition is caused
by an electromagnetic interaction between the nuclear
charge and the atomic electron penetrating the nucleus.
An EO transition occurs between two states of the
same spin and parity by transferring the energy and
zero unit of angular momentum. Thus EO has no
competing gamma ray. These transitions are different
from zero only in the case where the transition is
accompanied by the nucleus surface change. For

example in the nuclear models where the surface is
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assumed to be fixed EO transitions are strictly
forbidden. Electric monopole transitions can occur not
only in 0+--- O+ transition but also, in competition

with gamma multipole transition and depending on

transition selection rules may compete in any Al =0

decay such as a 2+ --- 2+. At transitions energies

2

2m,c , monopole pair production is also

greater than 0
possible.

The EO reduced transitions probability written
as [14]
B(EO;1,—1,)=e*R*p*(EQ) I, =1,

(12)
where e in the electronic effective charge, R is

the nuclear radius and P(EQ) is the transition matrix

element. However, there are only limited cases where
p(EOQ)

have to determine the intensity ratio of EO to the

can be measured directly. In most cases we

X (E_O)
competing E2 transition calling this as E2" value
[15] which can be written as

B(EO; 1. —1,)
X (EO i f7 13
( EZ) B(E2;1; — 1)) (13
Iy =1
where for

I, #0,and I, =0,1;, =2forl, =0.

The T operator my be found by

setting I =00n the IBM-2 operator [16]

Z ~
pi (E0) = R—OZZﬂop<f

d+pxdp‘i> "

where R0=12A1/3 fm and P(EQ)is 4
dimensionless quantity. The two parameter Box Pov

in equation(14) may be estimated by fitting in isotope

shift, which is the difference in the square radius
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5<r2> between neighboring isotopes in their ground

state [17].1.e.
2\ _ + +\ + +
8(r) = (2,2, ) = (0, Ty [0," ). )
In the case of Samarium isotopes the measured
isotopes shift [18] were used to fined the parameters
in the

used IBM-2 calculations and they are

ond B, =0.031fm?

. 2
B, =0.0451m produced the

monopole matrix elements. The results of the
calculation are listed in table-3.
Discussion and Conclusions
Good agreements with the experimental
energy for the low laying levels was obtained and
according to that the mixing ratios were calculated
after calculate E2 and M1 matrix elements. All the
experimental and theoretical mixing ratios for Sm
isotopes indicate a small M1 components which means
that in the band-mixing transitions, M1 components is

almost forbidden. In the calculation of 5(E2/M1) it

is found that there is a great effect of the Majorano

parameter S2 on the value and sign of E2 and M1
matrix elements. However, an acceptable overall
agreement between the experiment and theory were
obtained as shown in table-2.The lack of agreement
indicates that the perturbation expansion of angular
momentum works well for strongly deformed nuclei
and does not describe nuclei in the transitional region.
The model was not able to produce the sing of the
mixing ratio of the transition from gamma to ground
band.

The present study provides further support for
the idea of the co-existence of spherical vibrator in
Sm148 to deformed- rotor characteristics in the N=88
isotones of Sm, Gd and Nd as been shown by Gupta
and Kumar [19]
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The EO quantities predicted by the two
theories for 03+ states were on the whole in poor
agreement with experiment. In general we note that the
EO transition matrix elements provide a highly critical
test of nuclear model. Furthermore, the microscopic
characters of the ground states and the excited 0+
states in Sm150-152 would appear to be sufficiently
complex to eliminate any description of them in the
term of simple model. We notice that most of the
theoretical values for the

experimental  and

X(EO/E2) ratio are small, which means that there is

a small contribution of EO transition on the life time of

the O states. There are two high values of X in

transitions from 0 s to 0% in Sm148 and in Sm152
means that this state decay mostly by the EO and
according to this one could say that the study of ths
state give information about the shape of the nucleus,
because the EO transitions matrix elements connected
strongly with the penetration of the atomic electron to
the nucleus. So combination of the wave function of
atomic electron, which is well known, and the nuclear

surface give good information of the nuclear shape.
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Table-1. The IBM-2 parameters used in this work

Isotope &(MeV) X, K
Smi48 0.80 -0.8 -0.13
Sm?0 0.74 -0.8 -0.06
Smis2 0.43 -0.8 -0.023
Smi* 0.34 -0.8 -0.039

X,=-12 &= =00 =00 C<C'=504-00MeY

Table-2. Experimental and theoretical 6(E2\ M1)

multipole mixing ratios of

Samarium isotopes.
Mixing Ratio

otone Spin Trang;tion (5(E2/M1)

I, —>I
G MeV This work

Experimental
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Sm48 Zﬂ—>2g
27—>2g

3y—>2g

Smis0 2, 52

(e

2.2

7 [

smi2 2,52

smis4 2,52

Table-3. Calculated X(EO/E2) ratios compare with
experimental data in even
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5.22

-1.33
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Fig-1. The experimental and theoretical energy
levels of Sm®®2, Experimental values are from ref.

[8]
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Fig-2. A comparison between experimental [8] and
IBM-2 calculated values of the ground band levels
in even- even Sm isotopes
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