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In this stud)', energy values, B(E2) values and quadrupole moment oflooRu isotope at

the onset of the deformed region were investigated by using the Interacting Boson Model

(IBM-2). The results were compared with the experimental and theoretic.a! values and it is

determined that they are in good agreement

In recent years, the use of dynamical symmetry Hamiltonians has brought about significant

developments in nuclear structure physics. The original SU(5), SU(3) and SO(6) dynamical

symmetries of the interacting boson approximation (IBM) model have played an important role in

these developments. In this work, a geometrical interpretation of an IBM analysis of looRu isotope

According to Arima et aL [l] IBM Hamiltonian takes different fonns depending on the

regions (SU(5), Su(3), SO(6» of the traditional IDA triangle In the IBA-2 model the neutrons'

and protons' degrees of freedom are taken into account explicitly. Thus the Hamiltonian[2] can be

written as

where s+ , d+ and s, d represent the s and d-boson creation and annihilation operators
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In thiS case 11.'1",affects only the position of the non-fully symmetric states relative to the

symmetric ones, Therefore M"" is often ;.:alled as the Majorana force[2}

The electric quadrupole (E1) transitions are one of the important factors within the

collective nuclear structure, In IBM., the generallil1ear £2 operator is given by

In this form, C1], P2 and X are free parameters, The important physical properties calculated

by E2 operator are B(E2;J-?J') and quadrupole moment Q(1)

B(E2;J~J') and Q(J) are given in the following formulation
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Energies and eigen-vectors for positive and negative parity states can be calculated in the

framework of the IDA modelf3] by means of a COmpl.lter program, This program package

calculate the energy levels, B(E2) a.."'ld Q(2') values in the formalism offfiM-2

de Voight e1 al, [4 J explained the multipolarities of the energy levels, transition coefficients,

branching and quadrupole/dipole amplitude mixing ratios of JOORu isotope. But so far, the

multipolarities of this isotope have not been determined completely, Moreover, the calculations



cover the negative parity states. In the decay scheme of !OORuthe spins of 0+, 2+, 4+ and 6+ states

are calculated to be 0.0, 508.5, 1158.0 and 1926.3 keY. This is the ground state band. The beta

band consists of the' spins 0+ ,2+ , 4+ at the calculated levels of 1130.0, 1283.5 and 2104.4 keY.

These results are shown in Table 1 together with the previous experimental data.

fable 1. Ener;; Lel

Band Structure

(K1l')

'eis of lOORIi isotope.

Spin Parite Calculated Experiment

(J 1l' ) Energy Level [5]

(keV)+--_._-~--+d O~ 0.0 0.0

+ 2+ 508.5 539.6

4+
] 158.0 1226.5

1926.3 2076.0
6+

- ...
0+ 1130.0 1130.0

-r- ,,+ 1283.5 1362

I 4' ~ 21044 2062
L_______.



In Tabie 3, the calculated quadrupole moment of 2' of lOv:Ru, Q(2+) value, is compared with

some experimental and theoretical resuhs
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Table 3. Calculated and e:x:perimelttal Q(Z) for fJORu.---.._.~......,-~---,-, .-.._--_ ..,--_ .._------------_ .._---:::§~j-t-' --T~~~2~--' )'''-''-- -:~--

.0.13 ± 0.01[l2]____._. .L__.. .~_.._. ._l.._._.~~~_._._. ._...__~._~_



The B(£2) ratio calculated for lO~U isotope is compared with that of IDM limits given in

Table 4.

Table 4.
---------.--- • 0Comparison of some B(E2) ratios between 1 °Ru

isotope and B(E2;~_ -" 0;) !!(E?;2; -" 2~) B(E2;3; ~ 2;2 B(

the name of
B(E2;2; -" 2;) B(£2;2; -.0;) B(E2;3~ -I' 4;) B(

region
SU(5) [13J - - r0.011 1.40 0.06 0

8U(3)[13J 0.70 0.02 2.50 I 0
•.•..J- --_._--- -

0(6)lb 0.07 0.79 0.12 0
-

100Ru 0.06 0.80 0.08 0

(This Work) l
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1.0

6.93

1.84

1.74

.03

~.-
.08 I 0.72
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Calculated energy levels are in agreement with experimental ones as shown in Table 1. It is

obviously seen from Table 2 that the calculated results are In good agreement with that of other

experimental and theoretical work done before Table 3 also shows a satisfactory agreement

among the experimental, theoretical and calculated result for the quadrupole moment. In Table 4,

the comparison of some B(£2) ratios of H:(lRuWIth that of SU(3),SU(5) and SO(6) limits show

that JOORuisotope is existing in SU(5)-SO(6) side orthe IDM triangle. In other words, looRu is far

from indicating the properties of the isotopes belonging to deformed region. JOoRuexists around

the closed neutron sheli (N=50) and shows a triaxial deformation. Especially, B(£2;2; ...•2;) ratio of
B(E2;2; -+ 0;)

looRu in Table 4 has the tendency towards the SU(5) region with an indication of triaxial deformed

character.
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