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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 4+, 4+ to 2+ and 2+ to 0+ states of neutron rich 122Te 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 4+ 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 : L+ → (L − 2)+)/B(E2 : 2+ → 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(E2) have been analytically deduced in the U(5)

limit for a few yrast states transitions in 122Te 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 Iachello and
Arima [1,2]. It 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 Iπ = 8+ in Z = 2 isotones were found by πh+2

11/2

configurations for Z = 50 closed shell. It is known
that low-lying collective quadrupole E2 excitations

occur in even-even nuclei Z = 52 and N = 70, which
have been studied both theoretically and experimen-
tally. Reorientation effect measurements in 122Te 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 100−110Pd isotopes [18]. The
electromagnetic reduced transition probabilities of
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even-even 104−112Cd isotopes were studied by Ab-
dullah et al [19]. The analytic IBM-I calculation of
B(E2) values of even-even 102−106Pd 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+1 → 2+1 ) from 0+ ground state
to the first-excited 2+ state is especially important,
and for a deformed nucleus this probability (denoted
here by B(E2 ↑)) 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 122Te nucleus in U(5) limit and calculate
the energy levels and the transition rates of the yrast
state band up to 8+ to 6+ 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].

H =

N∑
i=1

εi +

N∑
i<j

Vij , (1)

where εi is the intrinsic boson energy and Vij is the
interaction between bosons i and j.

In the multi-pole form the Hamiltonian [23].

H = εnd+a0PP +a1LL+a2QQ+a3T3T3+a4T4T4 .
(2)

Here, a0, a1, a2, a3 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), γ-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 ε, in the γ-soft
limit, O(6), the effective parameter is the pairing a0,
and in the SU(3) limit, the effective parameter is the
quad pole a2. The eigen-values for the three limits
given as [23]

U(5) : E(nd, ν, L) = εnd +K1nd(nd + 4) +

K4ν(ν + 3) +K5L(L+ 1) , (3)

O(6) : E(σ, τ, L) = K3[L(N + 4)− σ(σ + 4)] +

K4τ(τ + 3) +K5L(L+ 1) , (4)

SU(3) : E(λ, µ, L) = K2[λ
2 + µ2 + 3(λ+ µ) +

λµ] +K5L(L+ 1) . (5)

Here, K1, K2, K3, K4 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 (Li =
2, 4, 6, 8, ...) usually decay by one E2 transition to
the lower-lying yrast level with Lf = Li − 2. The re-
duced transition probabilities in IBM-I are given for
the anharmonic vibration limit U(5) [22].

B(E2; L+ 2 → L) ↓= 1

4
α2
2(L+ 2)(2N − L) =

1

4

(L+ 2)(2N − L)

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+ → 0+), one can calculate value of the pa-
rameter α2

2 for each isotope, where α2
2 indicates the

square of effective charge. This value is used to cal-
culate the transition 8+ to 6+, 6+ to 4+, 4+ to 2+

and 2+ to 0+.

3. RESULTS AND DISCUSSION

The 122Te 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 (Np) and neutron number (Nn). The number
of valance proton Np and neutron Nn has a total
N = (Np + Nn)/2 = nπ + nν bosons 132Sn doubly-
magic nucleus is taken as an inert core to find boson
number. Boson numbers and the calculated parame-
ters of different levels for 122Te 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. 0+, 2+, 4+,
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+, 4+,
6+, 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 ε K1 K4 K5

keV keV keV keV

122Te 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

122Te.

Iπ Eexp(keV ) Ecal(keV ) ∆%

2+ 564.09 564.09 0.00
4+ 1181.25 1175.2 0.51
6+ 1751.32 1833.4 4.69
8+ 2669.67 2538.6 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+1 and
the ratio R = E4+1 /E2+1 show that 122Te isotope is
vibration nucleus.

Table 3 presents reduced transition probabilities
B(E2) ↓ for the yrast state band from 8+ to 6+, 6+

to 4+, 4+ to 2+, and 2+ to 0+ of even-even 122Te
isotope. Using known experimental B(E2) ↓ from
2+1 → 0+1 transition, the reduced transition probabili-
ties of 4+1 → 2+1 , 6

+
1 → 4+1 and 8+1 → 6+1 transitions of

even-even 122Te 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 α2
2 Transition B(E2) B(E2)IBM−1

W.u. Level W.u. W.u.

122Te 5.27± 0.04 2+1 → 0+1 36.92± 0.25 36.92± 0.25
4+1 → 2+1 63.24± 0.48
6+1 → 4+1 79.05± 0.60
8+1 → 6+1 61± 21 84.32± 0.64

3.1. R4/2 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 R4/2 =
2.00, -unstable rotor O(6) should have R4/2 = 2.5
and an axially symmetric rotor SU(3) should have
R4/2 = 3.33. We have examined U(5) symmetry as
R4/2 = 2.09 in 122Te.

3.2. Reduced transition probabilities B(E2)

The value of the effective charge α2 of IBM-I have
been determined by normalizing the experimental
data B(E2; 2+1 → 0+1 )of

122Te isotope using Eq.(6).
From the given experimental value of transitions

(2+1 → 0+1 ), we have calculated the value of the pa-
rameter α2

2 for 122Te isotope and used this value to
calculate the transitions from 4+1 → 2+1 , 6+1 → 4+1
and 8+1 → 6+1 . The values of the fitted parameter
α2
2 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; 21 → 01) = 2(N − 1)/N < 2.
In IBM-I the ratio of B(E2; 41 → 21)/B(E2; 21 →
01) in

122Te is 1.71 and 2(N − 1)/N value of 122Te is
1.71. Therefore, the present calculations are firmly
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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 122Te nucleus is nicely reproduced by the
experimental data, and their fits are satisfactory.

Fig.1 shows ratio R = E(L+
1 )/E(2+1 ) values

versus yrast state spin momentum (L) of 122Te
isotope by IBM-I and experiment results [24].
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Fig.1. Plot of ratio R = E(L+
1 )/E(2+1 ) values

versus yrast state spin momentum (L) of 122Te
isotope by IBM-I and experiment results [24]. The
ratio R = E(L+

1 )/E(2+1 ) in yrast state bands are
normalized to E(2+1 )

The ratio R = E(L+
1 )/E(2+1 ) in yrast state band

are normalized to E(2+1 ). As a measure to quan-
tity evolution, it is shown that results of R val-
ues increase with increasing the high spin states.
We have compared the ratio R = B(E2 : L+ →
(L − 2)+)/B(E2 : 2+ → 0+) of IBM-I and previous
available experimental values in the yrast state bands
(normalized to the B(E2 : 2+ → 0+) as a function
of angular momentum L and are shown in Fig.2.
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Fig.2. R values of 122Te isotope using
IBM-I and experiment shown as a func-
tion of spin momentum L [24]. The ratio
R = B(E2 : L+ → (L − 2)+)/B(E2 : 2+ → 0+)
in the yrast state band (normalized to the
B(E2 : 2+ → 0+))

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 122Te and 118Cd
nuclei

The neutron-rich 132Sn nucleus is known to the prop-
erties of doubly closed shells and its core excitation
can provide valuation information on the nuclear
structure. 122Te and 118Cd nuclei consist of Z = 52,
N = 70 and Z = 48, N = 70 respectively. Therefore,
2 particles and 2 hole belongs to 122Te and 118Cd nu-
clei with respect to shell closure Z = 50. From a the-
oretical point of view, the yrast states up to Iπ = 8+

in Z = 48 isotopes can be ascribed to two-hole states
πg−2

9/2 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 122Te nucleus.
The level spacing and transition strengths should be
same for 122Te and 118Cd. Fig.3 shows yrast level
as a function of spin for 122Te and 118Cd nuclei.
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Fig.3. Yrast level of 122Te and 118Cd 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 122Te nucleus and 487.8,
1164.9, 1935.9 and 2590.9 keV for 118Cd. Therefore
yrast levels are almost same except 6+. This fact
suggests that the 6+ state in 122Te nucleus has a
significant admixture of other components. The re-
duced transition probability B(E2) ↓ from 2+1 → 0+1 ,
is 36.92 ± 0.25W.u. for 122Te and 33 ± 3W.u. for
118Cd are consistent to each other.

3.4. Moments of inertia

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

2ϑ

h̄2 =
2(2I − 1)

E(I)− E(I − 2)
=

4I − 2

Eγ
.

41



Fig.4 shows the moment of inertia for the yrast
states band of 122Te and 118Cd 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 2ϑ/h̄2 vs I(I + 1) in the low-
est order. We have investigated first order back-
bend at 12+ states in 122Te and 10+ states in 118Cd.
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Fig.4. Moment of inertia as a function of I(I + 1)
of 122Te and 118Cd nuclei

4. CONCLUSIONS

In this work, the yrast-state energy band and re-
duced transition probabilities B(E2) values of even-
even 122Te 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(E2) values up to 8+1 levels of 122Te 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(E2) values of 2 par-
ticles in 122Te nucleus and two holes in 118Cd 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 2ϑ/h̄2 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-ÑÎÑÒÎßÍÈß È ÏÐÈÂÅÄÅÍÍÛÅ ÂÅÐÎßÒÍÎÑÒÈ
ÝËÅÊÒÐÎÌÀÃÍÈÒÍÛÕ ÏÅÐÅÕÎÄÎÂ 122Te Â ÌÎÄÅËÈ

ÂÇÀÈÌÎÄÅÉÑÒÂÓÞÙÈÕ ÁÎÇÎÍÎÂ

À.Øåëëè, È.Õîññàéí, ÔàäõèëÈ.Øàððàä, Åâàß.Àáäóëëàõ, Ì.À.Ñàèä

Ïîëó÷åíû yrast-ñîñòîÿíèÿ è ïðèâåäåííûå âåðîÿòíîñòè ýëåêòðè÷åñêèõ ïåðåõîäîâB(E2) ↓ îò γ-ïåðåõîäîâ
ìåæäó ñîñòîÿíèÿìè 8+ è 6+, 6+ è 4+, 4+ è 2+, à òàêæå 2+ è 0+ â áîãàòîì íåéòðîíàìè ÿäðå 122Te
â ðàìêàõ ìîäåëè âçàèìîäåéñòâóþùèõ áîçîíîâ (IBM-I). Ðåçóëüòàòû ðàñ÷åòîâ ñðàâíåíû ñ íàëè÷íûìè
ýêñïåðèìåíòàëüíûìè âåëè÷èíàìè. Îòíîøåíèå ýíåðãèé âîçáóæäåíèÿ (R4/2) ïåðâûõ âîçáóæäåííûõ ñî-
ñòîÿíèé 4+ è 2+ äëÿ äàííîãî ÿäðà áûëè òàêæå ðàññ÷èòàíû. Ïîëó÷åíî óäîâëåòâîðèòåëüíîå ñîãëàñèå
ìåæäó ïðåäñêàçàíèÿìè ìîäåëè IBM-I è ýêñïåðèìåíòîì. Êðîìå ýòîãî, äëÿ îöåíêè ïðîöåññà ìû èçó÷èëè
ñîîòíîøåíèå ïåðåõîäîâ R = B(E2 : L+ → (L− 2)+)/B(E2 : 2+ → 0+) ìåæäó íåêîòîðûìè íèçêîëåæà-
ùèìè êâàäðóïîëüíûìè êîëëåêòèâíûìè ñîñòîÿíèÿìè â ñðàâíåíèè ñ äîñòóïíûìè ýêñïåðèìåíòàëüíûìè
äàííûìè. IBM-I ôîðìóëà äëÿ ýíåðãåòè÷åñêèõ óðîâíåé è ïðèâåäåííûõ âåðîÿòíîñòåé ïåðåõîäîâ B(E2)
áûëà ïîëó÷åíà àíàëèòè÷åñêè â U(5)-ïðèáëèæåíèè äëÿ íåñêîëüêèõ ïåðåõîäîâ ìåæäó yrast-ñîñòîÿíèÿìè
â èçîòîïå 122Te.

YRAST-ÑÒÀÍÈ I ÏÐÈÂÅÄÅÍI ÂIÐÎÃIÄÍÎÑÒI ÅËÅÊÒÐÎÌÀÃÍIÒÍÈÕ
ÏÅÐÅÕÎÄIÂ 122Te Ó ÌÎÄÅËI ÂÇÀ�ÌÎÄIÞ×ÈÕ ÁÎÇÎÍIÂ

À.Øåëëi, I.Õîññàéí, Ôàäõië I.Øàððàä, �âàß.Àáäóëëàõ, Ì.À.Ñàiä

Îòðèìàíi yrast-ñòàíè i ïðèâåäåíi âiðîãiäíîñòi åëåêòðè÷íèõ ïåðåõîäiâ B(E2) ↓ âiä γ-ïåðåõîäiâ ìiæ ñòà-
íàìè 8+ i 6+, 6+ i 4+, 4+ i 2+, à òàêîæ 2+ i 0+ ó áàãàòîìó íåéòðîíàìè ÿäði 122Te â ðàìêàõ ìîäåëi
âç¹ìîäiþ÷èõ áîçîíiâ (IBM-I). Íàñëiäêè ðîçðàõóíêiâ ïîðiâíÿíi ç íàÿâíèìè åêñïåðèìåíòàëüíèìè âåëè-
÷èíàìè. Âiäíîøåííÿ åíåðãié çáóäæåííÿ (R4/2) ïåðøèõ çáóäæåíèõ ñòàíiâ 4+ è 2+ äëÿ äàííîãî ÿäðà
áóëè òàêîæ ðîçðàõîâàíi. Îòðèìàíî çàäîâiëüíå óçãîäæåííÿ ìiæ ïåðåäáà÷åííÿìè ìîäåëi IBM-I òà åêñ-
ïåðèìåíòîì. Êðiì öüîãî, äëÿ îöiíêè ïðîöåñó ìè âèâ÷èëè ñïiââiäíîøåííÿ ïåðåõîäiâ R = B(E2 : L+ →
(L − 2)+)/B(E2 : 2+ → 0+) ìiæ êiëüêîìà íèçüêîëåæà÷èìè êâàäðóïîëüíèìè êîëåêòèâíèìè ñòàíàìè â
ïîðiâíÿííi ç âiäîìèìè åêñïåðèìåíòàëüíèìè äàíèìè. IBM-I ôîðìóëà äëÿ åíåðãåòè÷íèõ ðiâíiâ òà ïðèâå-
äåíi âiðîãiäíîñòi ïåðåõîäiâ B(E2) áóëèà îòðèìàíà àíàëiòè÷íî â U(5) íàáëèæåííi äëÿ êiëüêîõ ïåðåõîäiâ
ìiæ yrast-ñòàíàìè â içîòîïi 122Te.
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