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Abstract The FEO transitions in the even-even'® " Pd isotopes are studied in the U(5)—SU(3) and the U(5)—0(6) transi-

tion in the framework of the interacting boson model respectively. It is found that the structure of the isotopes can be better de-

scribed by the U(5)—SU(3).
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1 Introduction

As is known, it is very important to study the E2
transitions in nuclear structure. However, the E2 transition
is not the only way that the nucleus de-excitates from an
excited state. There are other ways of de-excitation such as
internal-conversion (IC) and intemal-pair formation (IP) .
IC comes into being when the atomic electrons are given
electromagnetic energy by the nucleus, so does IP when
electromagnetic energy is above 1.02MeV. It is impossible
that the E2 transition occurs between the two levels whose
spins are zero. But, EQ transition, namely the electric
monopole transitions, becomes possible. Based on the EO
transition, we can further study the spectra and transitions
of 0" excited states and the detailed properties of nuclear
structure. With the accumulation of the experimental data
of EQ transitions, a series of EQ transitions becomes possi-
ble. Studies have been done on " 0s and **Pt'" . The 0*
states and EO transitions in Zn, Ge, Se, Kr, Sr, Zr, Mo,
Ru, Cd and Sn isotopes were studied theoretically and ex-
perimentally in Refs. [2—4]. The EO transition in %Zn
was calculated by IBM" ;in Ref. [6] the electric mono-
pole properties were studied systematically in the shell

model, the geometric vibrational and rotational model, and
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algebraic model, pointing out that many of the large elec-
tric monopole strength p° (EQ) are associated with the
shape mixing.

The Pd isotopes were still paid attention to in nuclear

=14 demon-

structure studies. Previous model calculations
strated that they are U(5) to 0(6) transitional nuclei for
Pd, Xe and Ba isotopes. It was believed until recently that
the Pd, Ba and Xe isotopes are typical examples of the
0(6)-like nucleil” ") But it has recently been sho-
wn'® " that one can describe the low-lying structure of the
Pd, Xe and Ba isotopes by a transition from U (5) to
SU(3). In this paper, we calculate the EO transitions in
the even-even '™ "° Pd isotopes with both the U (5)—
SU(3) and the U(5)— 0 (6) transition in the framework
of the interacting boson model respectively, and compare
our calculations with the experimental values.

The results show that the U(5)—SU(3) transition
description can better describe these isotopes than U(5)—

0(6).

2 The hamiltionian and EQ transition opera-
tor in IBM

More than twenty years ago, Arima and Iachello put

» Supported by NSFC(10047001,10265001) , Excellent Young University Teacher s Fund of China Education Ministry and the Fok Ying Tung Education
Foundation, Major State Basic Research Development Program (G200077400) and Key Scientific Research Fund of Inner Mongolian Educational Bureau

(ZD01038)
1) E-mail : hbbai @ vip . sina. com

280—283



H3M

B S R TR R B X — MEE R IR B0 BE R X" Pd {8 8 82 84 L A

281

forward the interacting boson model (IBM) . In the IBM,
the valence nucleon pairs are treated as bosons. It is a
very effective phenomenological model for describing low-
lying collective properties of nuclei across an entire major
shell .

The general IBM Hamiltonian contains seven terms.

In this paper, we take the following schematic Hamiltoni-

an:

H:Sdﬁd‘f’KQ'Q"‘KLL'L, (1)
where Q#=(s*<~i+d+s)2+x(d+t~i)i, (2)
and L,= V10(d* 3)(41) . (3)

This Hamiltonian is able to give symmetries with the

following parameter: U(5): K =0, y =0; SU(3):¢, =0,
= -~7/12;0(6):¢e, =0,% =0.K,L* L term removes

some of the degeneracy for differemt L values. If
X = -2, and K/e, lies in between 0 and o, the
Hamiltonian, denoted by H®, is in the transition between
the U(5) and the SU(3). Similarly, if y =0, the Hamil-
tonian, denoted by H", is in the transition between the
U(5) and the O(6). The parameters in the Hamiltonian
can be determined by fitting to the experimental spectra.
In the framework of IBM, the EO transition operator s’
T(E0) = a(s* s)" + B(d* d)°. (4)

Since N =n, + n,, T(EO) can also be written as

Since the basis states are orthonormal and N is a con-
stant for a given nucleus, the EQ matrix element becomes
p = (FITED D = pflnalid, (D
where i and f are the initial and final state corresponding
to EO transition. The reduced EO transition strength is de-
fined by
B(E0) = ¢’R'p*(E0), withR = 1.24". (8)
In the U(5) limit, N and n, are good quantum nu-
mbers'™ , thus, T(EO) is diagonal and EO transitions are
forbidden. In the SU (3) limit, ¥ is a good quantum
number, but n, is not a good quantum number®’ . The
SU(3) limit allows the EO transitions from § band (2N -
4,2) to g band (ZN,O)M . In the 0(6) limit, N is a
good quantum number, but ng is not a good quantum
number'™ . The EO transition operator possesses the se-
lection rules Ac =0, +2,A7r =0 .
In the electric E2 transition, the E2 transition oper-
ator is
T(E2)) = e,[(s” d+d s) + x(d d)3l,

where e, is the effective charge.

3 Results and disscussion

The program PHINT"*"is used to calculate the spec-

tra and EO transitions. The parameters of the Hamiltonian

T(R0) = «(N -V5(d" d)°) = ol + Fns, (5) and EO transition are given in Table 1 (the Hamiltonian
where B = BN5 -a. (6) parameters are taken from paperm] ).
Table 1. Parameters of energy levels and E0 transitions for'™ "*Pd.
€4/ MeV K/MeV K, /MeV e,/MeV B
Nucleus H* H* H* H* H* H* H* H! H* H*
102pq 0.6288 0.5650 -0.0084 ~0.0079  0.0050 0.0093 0.1234 0.1284 0.3162 0.3162
104pq 0.6288 0.6150 - 0.0054 -0.0079 0.0050 0.0093 0.1258 0.1258 0.3162 0.3162
106 pd 0.5888 0.5880 -0.0074 -0.0079 0.0098 0.0740 0.1224 0.1262 0.3162 0.3162
108 pg 0.4888 0.4950 -0.0074 - 0.0089 0.0118 0.0093 0.1172 0.1208 0.3162 0.3162
1opg 0.4588 0.4450 -0.0074 -0.0079 0.0108 0.0093 0.1106 0.1189 0.3162 0.3162

Using the selected parameters, we calculated the
values of the energy level, electric monopole strengths
pgl (E0), p§1 (E0), p§2 (EO) and the reduced transition
rates B (E0;0;, =0, )and B (E2;0;, —2; ), where
0% (E0) = p* (0] —0; )3 ju (EO/E2) = B(E0; 07 —
0 )/B(E2;0] —2; Y' . The unit of B(E0;0; —0; )
and B(E2;0, =2, ) is e’ b*. The calculated and exper-

imental values are shown in Table 2.

From Table 2, it is found that for the '® "’ Pd iso-

topes the calculated values of ‘oil (EO) and y,,in the de-
scription of U(5)—SU(3) are the same as in U(5)—

%71%pg isotopes, the cal-

0(6) approximately. For the
culated values of p72'1 (EQ) are in good agreement with ex-
perimental values. But, in U(5)—0(6), the calculated
values of p§1 (E0) and p§2 (EO) are zero respectively,

which are not in agreement with experimental values. For
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the U (5)—SU(3) transition, the calculated values of
03 (EO) and 052 (EO) are not zero, especially for 2 Ppd
and "°Pd, the calculated values of p§, (EO) are in good
agreement with experimental values. The value of
05 (EQ) are generally larger than o (E0)™ . This is
caused by the fact that both of the 2 d-boson components

and the pairing-vibrational components have equally large

contributions to \ (0, =0, ) | , while there is no contri-

bution from the 2  d-boson
‘p(O; -0, ) | . In the U(5)—SU(3) transition, the

value of p3, (EO) is larger than o3 (EO) for each 12710 pg

components  to

isotopes. As a consequence, it was found from this work
that the even-even '“ "°Pd could be well described by
the U(5)—SU(3) transitional dynamics.

Table 2. Comparison of the experimental values'® for'® " Pd with the calculation.

Nucleus B(E2) o3 (E0) x 10° B(E0) x 10* Yo X 10° 03 (E0) x 10° 0% (E0) x 10°
Exp 4.0(15) 3.95 <0.3
102pq Cal* 0.040 4.15 4.10 10.3 0.03 4.53
Cal® 0.121 4.04 3.99 3.29 0 0
Exp 0.038(37) 4.7(20) 4.7 12.6
1%Ppg Cal® 0.058 2.53 2.56 4.41 0.01 2.86
Cal® 0.149 5.36 5.44 3.65 0 0
Exp 0.089(21) 14(3) 14.7 16.5
106pg Cal® 0.155 8.63 8.98 5.97 0.10 9.50
Cal® 0.183 8.67 9.02 4.93 0 0
Exp 0.134(31) <3 <3.19 <2.38
1% pd Cal® 0.182 19.5 20.8 11.4 0.34 21.9
Cal® 0.190 22.8 24.3 12.8 : 0 0
Exp 0.116(22) 3.4(6) 3.72 3.21 0.48(15)
1opg Cal* 0.249 32.9 35.9 14.4 0.63 39.8
Cal® 0.214 30.7 33.5 15.7 0 0
The 0 states spectra of the %719 pq isotopes are (MeV)
Exp Cal® Cal®
given in Figs.1 to 5, in which, the electric monopole
. . . 2
strength is multiplied by a factor of 10’ . Agreement be- o —
tween theory and the experiment is obtaired . \ o
(MeV) 2+ 14(3) 2*
Exp Calt Cal o Lo o
2
0 o
o o 0 Fig.3. Electromagnetic decays of 0" states in " Pd.
1 (MeV)
»_f f0(s Exp Cal* cal®
o lo <03 0 2
o o o
) . R T . 219
Fig.1. Electromagnetic decays of 0" states in Pd. 1 0 - o2
(MeV) bR /%) »___hed| 2
Exp Cal* Cal®
o 0" 0 034 |07 0
2 0
0" . . .
Fig.4. Electromagnetic decays of 0" states in % pd.
1
F—E/4700 was found that the experimental value of y,, for ' Pd is
o 0" . . .
the largest, which means the deformation is the largest.
. 108
Fig.2. FElectromagnetic decays of 0* states in ' Pd. On the contrary, the experimental values of Xon for " Pd

Moreover, ¥, is an important value in nuclear
. . . 2
structure characterizations. ¥, is equal to 483", where B

denotes the equilibrium deformation® . From Table 2, it

is the smallest, so the deformation is smaller. There are
some discrepancies between calculated and experimental

values for each nucleus.
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(MeV) in even-even '“ "'°Pd isotopes with the descriptions of the

Exp Cal Cal®
U(5)—SU(3) and the U(5)—0(6) transition in the
framework of the interacting boson model respectively. The

'%719Pq isotopes are better

results indicate that even-even
described by the U(5)—SU(3) transition rather than the

U(5)— 0(6) transition.

> 3.4(6)

0|0 0.48(15)

Fig.5. Electromagnetic decays of 0 states in HOpq.
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We have given a detailed study of the EO transition
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