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Abstract: Interacting Boson Model may give appropriate approach to intensify the resolution for mystery
lying within the structural aspects of Xenon nuclei dealing with triaxiality. Previous researches have
provided suggestions regarding triaxiality in Xenon. This study indicates reduced transition probabilities
B(E2) of Xenon isotopes with even neutrons from N=68 to 74. The parameter values have been determined
by formation of cubic terms by Casimir invariant operators. Three — Three boson interaction are formed
by addition of cubic terms breaking O(6) symmetry of IBM Hamiltonian. Transition rate R for some low-
lying quadrupole collective state is studied in comparative way with experimental data and even-even 2%
B30%enon isotope is found at O(6) symmetry. Calculation results also strengthen the available experimental
data.
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INTRODUCTION

Researchers have been indulged in solving the problems related to nuclear structure of various elements
since recent past decades. For that, they have developed various approaches like harmonic vibrator, axial
rotors and gamma soft deformed nuclei. During 1975, two researchers among them invented a new
approach to nuclear collective motion i.e. Interactive Boson Model. These researchers were lachello and
Arima whose IBM-1 represents an even-even nucleus as a system of N bosons capable to catchup two
levels. Two Bosons s and d having L=0 and 1 respectively and energies of these bosons represented as

€ =€Ey- €

Where € represents gross energies of both bosons

L is angular momentum and total number of bosons N is sum of both s and d bosons.

Interacting Boson Model 1 (IBM-1) and Interacting Boson Model 2 (IBM-2) both use nucleons but in IBM-
2 nucleons are used distinctly distinguishing between neutrons and protons. IBM expresses nuclear
structure of an element in three limits i.e. U(5), SU(3) and SO(6) while differentiating wave function of
neutrons and protons. Investigating wave function of both nucleons involve probing the B(E2) i.e. reducing
transition probability. Here, we are calculating the value of B(E2) of 1241Xenon transition nuclei with
cubic terms from Casimir invariant operators and IBM-1.

Theoretical calculation

The general Hamiltonian of Interacting boson model-1 is given by
A=E0+HALl+H2+H3+......... (1)

The separation energy is denoted by EO and it is constant. The one body term is given by :
Hl=€s[s1s](0)+ed\5[d td] (0)=€sst.5+eddt.d=€sns+ednd (2)

The third term which is two body part:
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The IBM Hamiltonian of one body interaction contain two terms whereas two body interaction have seven
terms. The total number of bosons is constant in this Hamiltonian and fourth term represents three body
interaction.
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The Hamiltonian for IBM-1can be expressed as a linear combination of the U(6) and its subgroup linear
and quadratic Casimir operator. ) )
H= aiCi[U(5)] + @'1Co[U(5)] + a:Co[SU(B)] + a3C[SO(6)] + asC2[SO(5)] + asC2[SO(3)] + asCa[U(6)] +
a’6C2[U(6)] + arCa[U(6)]C1[U(3)] + fl[Cl[L’\J(S)]]S + f,C[SO(B)IC[U(S)] + 72C[SO(I)]C1[U(S)] +
f3C2[U(6)]C1[U(B)] + f4aC1[U(6)]Co[U(5)] + fsC2[SO(5)]C1[U(6)] + fsCo[SO(3)]C1[U(6)] + f7[C1[U(B)]]®
The Casimir operators of U(6) and its subgroup[21] in the chains are given :
C1[U(6)] = N, C1[U(5)] = na[8], C2 [U(5)] = na (na +4), C2 [U(6)] =N (N +5),
C2[SO(6)] =2[ N (N + 4) — 4P+.P]
C2[SO(5)] =4[ L.L+ U.U]
C2[SO(3)] = 2[L.L]
To calculate the B(E2) value the reduced matrix elements of T5? (E2 transition operator) have the form [7]
T E2 = az[d*s + sTd](z) + ﬁz[d*d] @

Where 02 and B2 are two parameters, o2 represents effective boson charge and B2 is related to a2. (s, d)
and (s T dt) represents annihilation and creation operators. Transition operators are associated with IBM
computed collective states. B(E2) values in IBM-1 are given for the limit U(5)-O(6) [22]

(E2,L+2— L) |=7a (L+2)(2N ~ 1)
Where N is the Boson number, L is the Nuclear translating state and o3 represents square of effective
charge. Its value is used to compute the transition 8* to 6*, 6" to 4*,4* to 2* and 2* to 0" [11]. B(EZ2) in units
of e2b2 is associated to B(E2) in units of W. u (Weisskopf single particle transition) [23].

(E2)e?b? =5.94 x 10° A*® x B(E2)w. u
e represents the charge of electron and ‘barn’ is the unit of area.
lbarn = 108 m?

RESULT AND DISCUSSION

124-130% e isotopes shows immense possibilities for investigation of low lying E2 strengths in the transitional
regions regarding nuclear shape i.e. deformed to spherical. There is table below in which transition level,
boson number and downward reduced transition possibilities B(E2) for the ground state band whose value
lies from 8" to 6%, 6% to 4, 4* to 2* and 2* to 0* of 12*13%Xe isotopes. Using known experimental B(E2)|
from 2] — 07 transition B(E2)| value of 47 — 2T, 67 — 4} and 8] — 67 transition of Xe isotopes are
computed using IBM-1.

By using transition experiment B(E2)| value 27 — 07, the reduced transition possibilities of 124130Xe
isotopes of 47 — 2}, 67 — 4}, 8] — 67 are computed with cubic terms from Casimir invariant operators
and IBM-1. The computed results are compared with experimental data.

Isotopes N Transitional level B(E2) values of e’b?
Experimental IBM-1
124%e 8 2'— 0" 0.193 0.192
4*— 2* 0.258 0.260
6*— 4* 0.321 0.280
8*— 6* 0.253 0.272
126Xe 7 2*— 0" 0.123 0.154
4*— 2% 0.211 0.205
6*— 4* 0.264 0.216
8*— 6* 0.281 0.203
128Xe 6 2*— 0" 0.097 0.094
4*— 2* 0.163 0.175
6*— 4* 0.195 0.184
8" — 6* 0.195 0.183
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130Xe 5 2'— 0" 0.073 0.087
4*— 2% 0.117 0.112
6"— 4* 0.131 0.138
8"— 6" 0.117 0.113
CONCLUSION

Reduced transition possibilities B(E2)| is an observable criteria to examine change in nuclear shape. So,
we calculated the B(E2) values for 124130Xe isotopes with cubic term from Casimir invariant operators and
IBM-1. The calculated value is consistent with experimental results. The value of energy ratio R(4/2) of 12#
130X e isotopes show O(6) symmetry.

©

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

20.

21.
22.

REFERENCES

Arima. A., and F. lachello, (1987). “The Interacting Boson Model. Cambridge: Cambridge University
press”

Arima. A., and F. lachello, (1981). “The Interacting Boson Model”. Ann. Rev. Nucl. Part. Sci.31, 75-
105.

Arima. A., and F. lachello, (1979). “Interacting boson Model collective nuclear states (The O(6) limit).
Ann. Phys. 123, 468-492.

Arima. A., and F. lachello, (1978). “Interacting Boson Model collective nuclear states (The Rotational
limit)”. Ann. Phys.,111, 201-238.

Arima. A., and F. Tachello (1978). “New symmetry in sd Boson Model of Nuclei: the group O(6)”.
Phys. Rev. Let. 40, 385-387.

Arima. A., and F. lachello, (1976). “Interacting Boson Model collective nuclear states (The vibrational
limit)”. Ann. Phys. 99, 253-317.

Arima. A., and F. Tachello, (1975). “Collective nuclear states as representations of SU(6) group”. Phys.
Rev. Let.35, 1069-1072.

Arima. A, and F. lachello, (1974). Phys. Rev. Let. B, 53, 304.

Cejnar. P., (1998). “Wave-function entropy and dynamical symmetry breaking in Interacting Boson
Model”.

ENSDF, http://www.nndc.bnl.gov/ensdf (Nuclear data sheet) (2012).

Gupta. J. (2015). “Nuclear structure of **3*Ba in IBM-1”. Eur. Phys. J. A 51,47.

Heiyam. N. H and Mohsin. K. M. (2020). ”Studying 124-128Ba transitional nuclei in the IBM
Framework”. Journal of University of Babylon for Pure and Applied Sciences Vol.(28), No.(2), 190-
205.

Hossain, et al. (2014). “B(E2) value of even-even %12pd isotopes by interacting boson model-
1”.Chin.Phys.C,38,024103.

Katakura. J., and K. Kitao. (2002). “Nuclear Datasheet for A=126". NDS, 97, 765.

Katakura. J., and Z. WU. (2008). “Nuclear Datasheet for A=124". NDS, 109, 1655.

Kumar. R., Sharma. S., Gupta. J. B. and Arm. J. (2010) Phys., 3,150.

Kumar. R. and Sadiye. C. (2020). “Triaxiality and cubic terms from Casimir Invariants”. KMU Journal
of engineering and natural sciences, 40-47.

Leviatan, A. “Partial dynamical symmetries”. Progress in particle and Nuclear Physics.

Manal. Sirag. (2017). “Extended O(6) dynamical symmetry of interacting boson model including cubic
d-boson interaction term”. Australian Journal of Basic and Applied Sciences, 123-132.

Mushtag. A. Al-Jubbori, H. H. Kassim. (2016). “Nuclear structure of even 21%Ba under the
framework of IBM, IVBM and new method (SEF)”. Nuclear Physics A.

Nurettin Turkan, D. O. (2006). “IBM-2 calculations of some even-even selenium nuclei”.

Scholten O and F. lachello (1978) Annuals of Phys., 115, 325.

Eur. Chem. Bull. 2023,12 (issue 8), 6306-6310 6309



Reduced Transition Probability For 12#13%enon Transitional Nuclei With Cubic Terms Section A-Research paper
From Casimir Invariant Operators And 1bm-1

23. Schreckenbach. K, Mheemeed. A, Barreau. G. (1982). “The importance of intruder states in
H4Cd” Phys.Lett.B, 110,364.
24. Elekes. Z and Timar. J. (2015). “Nuclear Datasheet for A=128”.NDS, 128, 191

Eur. Chem. Bull. 2023,12 (issue 8), 6306-6310 6310



