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In this paper, the yrast states and the electric reduced transition probabilities B(E2) | from gamma transition 8"
to 6%, 6% to 41, 4% to 2% and 2% to 07 states of neutron rich '??Te nucleus in the frame work of Interacting Boson
Model-I (IBM-I) have carried out. The calculated results have been compared with the available experimental values.
The ratio of the excitation energies of first 47 and 2% excited states (R4 /2), have also been calculated for this nucleus.
An acceptable degree of agreement between the predictions of IBM-I model and experiment is achieved. Moreover,
as a measure to quantify evolution, we studied the transition rate R = B(E2: LT — (L —2)")/B(E2: 2t — 0")
of some of the low-lying quadrupole collective states in comparison to the available experimental data. The IBM-I
formula for energy levels and the reduced transition probabilities B(FE2) have been analytically deduced in the U(5)

limit for a few yrast states transitions in ***Te isotope.

PACS: 23.20.-g, 42.40.Ht, 42.30.Kq

1. INTRODUCTION

The interacting boson model-I (IBM-I) is a valu-
able interactive model developed by Ilachello and
Arima [1,2]. Tt has been successful in describing
the collective nuclear structure by prediction of low-
lying states and description of electromagnetic tran-
sition rates in the medium mass nuclei. IBM defines
six-dimensional space described by in terms of the
unitary group, U(6). Different reductions of U(6)
give three dynamical symmetry limits known as har-
monic oscillator, deformed rotator and asymmetric
deformed rotor which are labeled by U(5), SU(3) and
O(6) respectively [3,4].

Even-even tellurium isotopes are part of an in-
teresting region beyond the closed proton shell at
Z = 50, while the number of neutrons in the open
shell are larger, which are commonly considered to
exhibit vibration-like properties [5]. Yrast states up
to I™ = 8t in Z = 2 isotones were found by whff/z
configurations for Z = 50 closed shell. It is known
that low-lying collective quadrupole E2 excitations
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occur in even-even nuclei Z = 52 and N = 70, which
have been studied both theoretically and experimen-
tally. Reorientation effect measurements in 227Te nu-
cleus were investigated by Bechara et al. [6]. and
Barrette et al. [7]. Energy levels, electric quadrupole
moments of 122Te nucleus have been studied within
the framework of the semi microscopic model [8], the
two-proton core coupling model [9] and dynamic de-
formation model [10].

There are number of theoretical works discussing
intruder configuration and configuration mixing by
means of IBM-I around the shell closure Z = 50.
For instance, empirical spectroscopic study within
the configuration mixing calculation in IBM [11,12].
IBM configuration mixing model in strong connec-
tion with shell model [13,14], conventional collec-
tive Hamiltonian approach [15,16] and one starting
from self-consistent mean-field calculation with mi-
croscopic energy density functional [17]. Recently we
have studied the evolution properties of the yrast
states for even-even 1907110Pq isotopes [18]. The
electromagnetic reduced transition probabilities of
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even-even '94-112Cq isotopes were studied by Ab-
dullah et al [19]. The analytic IBM-I calculation of
B(E?2) values of even-even 927196 Pd have confirmed
U(5) character [20].

The basic property of a nucleus is the probability
of electric quadrupole (E2) transitions between its
low-lying states. In even-even nuclei, the reduced E2
probability B(E2; 0+ — 27) from 0% ground state
to the first-excited 27 state is especially important,
and for a deformed nucleus this probability (denoted
here by B(E2 1)) depends on the magnitude of the
intrinsic quadrupole moment (quadrupole moment
of the intrinsic state of the nucleus) and, hence, on
deformation [21]. The problem of the research is to
investigate 12Te nucleus in U(5) limit and calculate
the energy levels and the transition rates of the yrast
state band up to 8 to 67 level through E2 transition
strengths and back-bending phenomena.

2. MATERIAL AND METHODS
2.1. Yrast-state energy levels

The Hamiltonian of the interacting bosons in IBM-1
[22].
N N
H:Zei—i—ZVij, (1)
i=1 i<j
where ¢; is the intrinsic boson energy and Vj; is the
interaction between bosons ¢ and j.
In the multi-pole form the Hamiltonian [23].

H=eng+ayPP+a,LL+axQQ+a3T31T5+asTyTy .

2)
Here, ag, a1, as, ag and a4 are the strength of pair-
ing, angular momentum and multi-pole terms. The
Hamiltonian as given in Eq.(2) tends to reduce to
three limits, the vibration U(5), y-soft O(6) and the
rotational SU(3) nuclei, starting with the unitary
group U(6) and finishing with group O(2) [23]. In
U(5) limit, the effective parameter is €, in the 7-soft
limit, O(6), the effective parameter is the pairing ay,
and in the SU(3) limit, the effective parameter is the
quad pole as. The eigen-values for the three limits
given as [23]

U(5) : E(ng, v, L) =eng + King(ng +4) +
Kyww+3)+KsL(L+1), (3)
0O(6) : E(o, 7, L) = K3[L(N +4) —o(c +4)] +

Kym(17+3) 4+ KsL(L +1), (4)
SU3): E(\, p, L) = Ka[A2 4 1% + 3\ + p) +
i) + KsL(L+1). (5)

Here, K1, K>, K3, K, and K5 are other forms of
strength parameters. Many nuclei have a transition

property between two or three of the above limits
and their eigen-values for the yrast-line [23].

2.2. Reduced transition probabilities B(E2)

The low-lying levels of even-even nuclei (L; =
2,4, 6, 8,...) usually decay by one E2 transition to
the lower-lying yrast level with Ly = L; — 2. The re-
duced transition probabilities in IBM-I are given for
the anharmonic vibration limit U(5) [22].

B@&L+2%LN:%£@+%@N—M:

1(L+2)(2N — L)
4 N

B(E2;2—0), (6)
where L is the state that nucleus transion to and
N is the boson number, which is equal to half the
number of valence nucleons (proton and neutrons).
From the given experimental value B(E2) of transi-
tion (2% — 07), one can calculate value of the pa-
rameter a3 for each isotope, where a3 indicates the
square of effective charge. This value is used to cal-
culate the transition 87 to 6T, 6% to 47, 4T to 2T
and 2% to 0.

3. RESULTS AND DISCUSSION

The '22Te nucleus has an atomic number Z = 52
and neutron number N = 70. It has 14 valence nucle-
ons or 7 bosons relative to the shell closures Z = 50
and N = 82. A boson number represents the pair
of valence nucleons and boson number is counted as
the number of collective pairs of valence nucleons.
A simple correlation exists between the nuclei show-
ing identical spectra and their valence proton num-
ber (N,) and neutron number (N, ). The number
of valance proton NN, and neutron IV, has a total
N = (N, + N,,)/2 = nz + n, bosons '*2Sn doubly-
magic nucleus is taken as an inert core to find boson
number. Boson numbers and the calculated parame-
ters of different levels for '22Te nucleus in IBM-I are
presented in Table 1. All parameters are given in
units of keV.

The energy of yrast states band (i.e. 0T, 2, 47,
6%, 8%) for doubly even isotopes 122Te has been cal-
culated by using Eq.(3) in model. For the yrast-state
bands only the levels up to spin 8+ were considered in
the calculation since above this spin value the yrast
bands exhibit a backbend phenomenon. Suitable free
parameters have been determined to find the close
excitation-energy of all positive parity levels (2, 41,
67, 8) for which a good indication of the spin value
exists [24]. Table 1 shows the values of these param-
eters that have been used to calculate the energy of
the yrast- states for the isotopes Z = 52 and N = 70
under this study.
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Table 1. Bosons number and the calculated parameters for different
levels in IBM-1 for 122Te nucleus.

Nucleus | N | States | Limits € K Ky Ks
keV keV keV keV
1227¢ 7 2-8 U(5) | 451.183 | 39.386 | -24.092 | 2.058

Table 2. The calculated and experimental
[24] yrast level and percentage of error for

1227,
I™ | Bugp(keV) | Boar(keV) | A%
2+ 564.09 564.09 0.00
4+ 1181.25 1175.2 0.51
6t 1751.32 1833.4 4.69
8t | 2660.67 | 25386 | 4.91

The energy levels that fit with IBM-1 are presented
in Table 2 and they are compared with the experi-

mental levels [24]. The agreement between calculated
and experimental values is excellent and reproduced
well. The values of the first excited state E2] and
the ratio R = E4f /E2{ show that 22Te isotope is
vibration nucleus.

Table 3 presents reduced transition probabilities
B(E?2) | for the yrast state band from 8" to 6, 6
to 41, 41 to 21, and 2T to 0T of even-even 22Te
isotope. Using known experimental B(E2) | from
21 — 07 transition, the reduced transition probabili-
ties of 47 — 27, 67 — 4] and 8] — 6] transitions of
even-even '22Te isotope are calculated by using IBM-
1 and presented in Table 3. The calculated results are
also compared with the previous experimental results
[24].

Table 3. Reduced transition probability B(E2) | of even-even
122Te nucleus [24).

Nucl 1o Transition B(E2) B(E2)ignm-1
W.u. Level W.u. W.u.

1227¢ | 52740.04 | 2§ =07 | 36.924+0.25 | 36.9240.25

4f —2f 63.24 +0.48

67 — 4 79.05 £ 0.60

8 — 67 61 +21 84.32 4+ 0.64

3.1. Ry, classifications

It is known that collective dynamics of energies in
even-even nuclei are grouped into classes, within each
class the ratio of excitation energies of first 4+ and 2+
excited states is: spherical vibrator U(5) has R,/ =
2.00, -unstable rotor O(6) should have Ry = 2.5
and an axially symmetric rotor SU(3) should have
Ry/o = 3.33. We have examined U(5) symmetry as
R4/2 = 2.09 in 122T€.

3.2. Reduced transition probabilities B(E2)

The value of the effective charge as of IBM-I have
been determined by normalizing the experimental
data B(E2; 27 — 0f)of 122Te isotope using Eq.(6).
From the given experimental value of transitions
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(27 — 0f), we have calculated the value of the pa-
rameter a2 for 122Te isotope and used this value to
calculate the transitions from 47 — 27, 67 — 4
and 87 — 6. The values of the fitted parameter
a3 remark the meaning of the square of effective bo-
son charge and presented in Table 3. The theoretical
values of B(E2) in W.u. using IBM-I are increased
with the transition levels. The results of present work
are compared with the previous experimental values
[24] and are in good agreement within experimental
error. Another condition of U(5) limit [23] would
be confirmed by the expression for B(E2) ratios as
B(E2; 41 — 21)/B(E2; 2 - 0;) =2(N—1)/N < 2.
In IBM-I the ratio of B(E2; 41 — 21)/B(E2; 27 —
01) in 22Te is 1.71 and 2(N — 1)/N value of '22Te is
1.71. Therefore, the present calculations are firmly



in the U(5) limit and therefore a good agreement
between the calculated values and the experimental
ones indicated that 122Te isotope obey to this limit.
Even-even '?2Te nucleus is nicely reproduced by the
experimental data, and their fits are satisfactory.
Fig.1 shows ratio R = E(L])/E(2]) values
versus yrast state spin momentum (L) of '?2Te
isotope by IBM-I and experiment results [24].
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Fig.1. Plot of ratio R = E(L])/E(2{) wvalues

versus yrast state spin momentum (L) of ?*Te
isotope by IBM-I and experiment results [24]. The
ratio R = E(L])/E(2]) in yrast state bands are
normalized to E(27)

The ratio R = E(L])/E(2]) in yrast state band
are normalized to E(2{). As a measure to quan-
tity evolution, it is shown that results of R wval-
ues increase with increasing the high spin states.
We have compared the ratio R = B(F2 : LT —
(L—2)")/B(E2: 2t — 01) of IBM-I and previous
available experimental values in the yrast state bands
(normalized to the B(E2 : 2T — 0%) as a function
of angular momentum L and are shown in Fig.2.
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Fig. 2. R walues of '*2Te isotope using
IBM-I and experiment shown as a func-
tion of spin momentum L [24]. The ratio

R=DB(F2: Ly — (L-2)")/B(E2: 2t — 0T)
in the wyrast state band (normalized to the
B(E2: 2" —07%))

It is shown that the value of R is increased with

increasing the high spin states. We have found that
the calculated values are in good agreement with the
previous available experimental results [24].

3.3. Comparative studies of ??Te and '8Cd
nuclei

The neutron-rich '32Sn nucleus is known to the prop-
erties of doubly closed shells and its core excitation
can provide valuation information on the nuclear
structure. '22Te and '8Cd nuclei consist of Z = 52,
N =70 and Z = 48, N = 70 respectively. Therefore,
2 particles and 2 hole belongs to '22Te and ''8Cd nu-
clei with respect to shell closure Z = 50. From a the-
oretical point of view, the yrast states up to I™ = 8+
in Z = 48 isotopes can be ascribed to two-hole states
7rgg_/22 for Z = 50 closed shell. Recently, we have
investigated yrast level and transition strength of
even-even 118Cd [25, 26] nucleus by IBM-1 and found
that it is a vibrational nucleus which U(5) is sym-
metry. This investigation is raised the possibilities
that a similar situation could exist for 22Te nucleus.
The level spacing and transition strengths should be
same for '22Te and '8Cd. Fig.3 shows yrast level
as a function of spin for ?2Te and ''#Cd nuclei.
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Fig.3. Yrast level of '??Te and '8Cd nuclei as a
function of spin momentum L

The 2+, 4%, 6%, and 8% levels are 560.4, 1161.5,
1776.1 and 2652.8 keV for 22Te nucleus and 487.8,
1164.9, 1935.9 and 2590.9 keV for '8Cd. Therefore
yrast levels are almost same except 6%. This fact
suggests that the 67 state in '?2Te nucleus has a
significant admixture of other components. The re-
duced transition probability B(E2) | from 2} — 07,
is 36.92 £ 0.25 W.u. for ?2Te and 33 + 3W.u. for
18 d are consistent to each other.

3.4. Moments of inertia

The moments of inertia are calculated from the fol-
lowing equation:

29

2021 —1) 41 -2

2 EI-EI-2) E,
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Fig.4 shows the moment of inertia for the yrast
states band of '22Te and '8Cd are plotted as func-
tion of I(I + 1). According to variable moment
of inertia (VMI) model this should give a straight
line in the plot of 2¢9/h% vs I(I + 1) in the low-
est order. We have investigated first order back-
bend at 127 states in 22T and 10T states in 118Cd.
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Fig.4. Moment of inertia as a function
of 122Te and **8Cd nuclei

of I(I+1)

4. CONCLUSIONS

In this work, the yrast-state energy band and re-
duced transition probabilities B(E2) values of even-
even '22Te nucleus have been investigated by IBM-I.
The results are compared with some previous exper-
imental data [24]. The calculated excitation energies
and the experimental ones are in good agreement.
The analytical IBM-I calculation of yrast levels and
B(E?2) values up to 8] levels of ??Te isotope have
been performed in the U(5) character and this ap-
proach agree with previous study [27] using another
method. The yrast states and B(FE2) values of 2 par-
ticles in '?2Te nucleus and two holes in '8Cd nu-
cleus are similar structure for shell closure Z = 50.
Furthermore, the present results are better than that
those ref.[28]. The back-bending phenomena appear
clearly in the diagram 219/h% vs I(I +1). The results
are extremely useful for compiling nuclear data ta-
ble. Acknowledgements: The authors thanks to king
Abdulaziz University.
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YRAST-COCTOSHIS U IPUBEJEHHBIE BEPOSITHOCTU
DJIIEKTPOMATHUTHBIX ITEPEXO/JI0B 22T¢ B MOJEJIN
B3AMMO/JIENCTBYIOIIINX BO3OHOB

A. leanu, U. Xoccatin, Padxun U. Illappad, Eea 5I. A6dyanraxr, M. A. Caud

IMomy4ensl yrast-coCTOAHAS U IIPUBEICHHBIE BEPOATHOCTH 3JIEKTPAYECKHAX epexonos B(FE2) | oT y-nepexomos
Mexky coctosamavu 8T m 617, 67 w 47, 4T u 2% a Takwe 27 m 07 B Gorarom meiirpomamm sape 122Te
B paMKax Mozeiau B3aumogmelicTayiomux 6030008 (IBM-T). Pesynbrarsl pacueroB CPABHEHBI ¢ HAJTUYHBIMU
SKCIePUMEHTAILHEIMYE BestnunHamu. OrHomenne suepruit Bosoyxaenus (1y/s) nepBeIX BO30YKIEHHEIX CO-
crogamit 4T u 27 n7a mammoro sapa GBIIM TaK¥Ke PACCINTAHBL 1I0JIywueHO yAOBIETBOPHTENHLHOE COTTIACHE
Mex Ay npeackasanuavu Moaenn IBM-I u sxciepumentom. Kpome 3Toro, 71t OIeHKH MPOIECCa Mbl U3y IHAJIH
coorHomenue nepexonos R = B(E2: Lt — (L —2)%)/B(E2: 27 — 07) MexXIy HEKOTOPLIME HH3KOJIEXKA-
IIIAMY KBAIPYTIOJIbHBIMUA KOJIEKTUBHBIMHU COCTOSTHUSIMU B CDABHEHUHU C JTOCTYITHBIMU SKCIIEPUMEHTATbHBIMI
nauabivu. IBM-T dhopmyna s sHEpreTHYeCKUX YPOBHEN U IIPUBEIEHHBIX BeposTHOCTEH 1nepexonos B(E2)
ObL1a oty ueHa ananuTraecku B U (5)-IpuOIMzKeHnH [J1s1 HECKOJBKUX TEPEX0I0B MEZK LY yrast-CoCTOaHraM7
B usorone 22Te,

YRAST-CTAHM I IPUBEJEHI BIPOT'TTHOCTI EJJEKTPOMATHITHUX
IMEPEXO/IB 22Te Y MOJEJII B3AEMO/IIIOYNX BO30HIB

A. Illeani, I. Xoccatin, @adxial. Ilappad, Esa S. A6dysrax, M. A. Caid

Orpumani yrast-cranm i mpusegeni siporimrocTi enekrpuannx nepexonis B(FE2) | Bin y-nmepexonis mixk cra-
mamu 87 1 61, 61 1 4%, 41 i 2% a rakox 27 i 0T y Gararomy meiirponamu sapi '22Te B paMKax MOmesi
B3emoziounx 6o3ouis (IBM-I). Hacnigku po3paxyHKIB MODIBHSAHI 3 HASBHUMH €KCIEPUMEHTATBLHUME BEJIV-
quHaMu. BigHomenus enepriii 30ymxennsa (Ry /2) nepmmx 30ymKkenux cramis 47 m 21 g mamHoro smpa
Oynu Takoxk pospaxoBani. OTpuMaHO 3370BlIbHE Y3roKeHHS MiXk nepenbadenusyvu moneai IBM-I ta exc-
nepumenToM. Kpim 1b0ro, i OIIHKK IPOIecy MU BUBYUIIM CHiBBiIHOMIEHHA nepexonis R = B(F2: LT —
(L—2)7)/B(E2: 2t — 07) Mix KiTbKOMa HE3BKOIEKAMHMHI KBAAPYHIOJbHAMHE KOJTCKTHBHUMIE CTAHAMH B
[TOPiBHSIHHI 3 BiTOMAMH eKcllepuMeHTaaIbHuME gJaauMu. IBM-1 ¢popMyta aj1a eHepreTiyHuX piBHIB Ta IPHBE-
zeni BiporigrocTi nepexonis B(E2) Gynua orpuMmana adanituauo B U (5) HabnukeHH] 115 KITBKOX TEPEXOIiB
MiK yrast-cTamamu B izoromi 122Te.
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