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DESCRIPTION OF ENERGY LEVELS AND DECAY PROPERTIES
IN *8Gd NUCLEUS

In this paper, IBM-1 and IBM-2 with a SU(3) limit are used to describe the '58Gd isotope. The calculations of
energy levels in the ground state, beta-, and gamma-bands are made up, which account for 15 energy levels. However,
we found that the energy states of the same spin of the beta- and vibrational bands become degenerate states. In
breaking the SU(3) dynamical symmetry by introducing a value of pairing interaction, the degeneracy is lifted and the
energy levels are brought up to the same order as the experimental ones.
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1. Introduction

The ®Gd nucleus has the main components of
64 protons and 94 neutrons, which are known as
nucleons. The nuclear structure is complicated as
each nucleon interacts with every other nucleon.
lachello and Arima [1] have successfully described
the combined nuclear characters in intermediate-
mass nuclei using the interacting boson model
(IBM). Nevertheless, neutrons and protons did not
differentiate in IBM-1. Depending on its angular
momentum L, each boson can occupy one of two
levels: the s-boson and the d-boson. The IBM-1 is
established by a fixed number of bosons (Ny) for the
low-lying combined state in even-even nuclei.
Moreover, the IBM-1 model generated the algebraic
U(6) group: O(6), SU(3), and U(5). These three dy-
namical symmetries are associated with gamma-soft,
rotational, and vibrational nuclei, respectively [2, 3].
However, many researchers have suggested that
nuclei have a transitional construction that consists
of SU(3)-0(6), U(5)-O(6), and U(5)-SU(3) transi-
tions [4, 5].

There are six stable isotopes *+1%%1%Gd and one
radioisotope *Gd. A great deal of research on the
different kinds of bands and B(E2) strength in gado-
linium isotopes with even mass (A = 152 - 156) was
analyzed in Refs. [6 - 8]. lachello and Zamfir [9]
investigated quantum phase transitions in the micro-
scopic structures of the Gd isotopes. The IBM-1 [10]
delivers an amalgamated report of the joint nuclear

conditions of Gd isotopes in terms of a system of
interacting bosons. Lesher et al. [11] studied the
1%8Gd (n, n'y)-reaction with neutron energy up to
3.3 MeV to observe collective states of 0" and found
two phonon yy-strengths at 2276.7 keV. In another
experiment, 13 excited 0" states below 3.1 MeV
were observed in the **®Gd nucleus by (p, t)-reac-
tions [12]. Levon et al. [13] found collective proper-
ties of 0* levels in *®Gd nuclei up to 4.2 MeV.

At present, we are choosing to study even-even
1%8Gd isotopes because it has the greatest (0.25) usual
abundance in Gd and belongs higher to the main shell
Z =50 and N =82. This nucleus is currently assumed
to have rotational-like properties. Recently, we have
been studying IBM-1 calculations for rare earth nuclei
with N = 100, 102, and 104 [14 - 16]. The basic
IBM-1 results of the **®Gd nucleus were presented by
Zamfir et al. [17]. The structure of this nucleus was
also studied in the ground state (g.s.) band up to 10,
the gamma-band up to 6, and the beta-band up to 6"
using the IBM spdf-model [18].

The aim of this article is to use IBM-1 and
IBM-2 for calculating the different types of states
for an even-even ®Gd nucleus. At present, both
models are applied for the *8Gd nucleus, which is a
deformed rotor. The scientific motivation for doing
the present work is needed to compare the pheno-
menological interacting boson model, IBM-1, and its
modification, IBM-2 to describe experimental data
for the energies in the *®Gd. In addition, the reduced
transition probabilities B(E2) would be determined
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and compared to previously measured data. Also,
both models are extended for the energy of
g.s.-bands up to 12" levels. The main objective is to
compare the three types of bands using IBM-1 and
IBM-2 calculations to study the excited energy states
and their decay properties. Moreover, the mixing
ratios of 17 multipole transitions are calculated.
These calculations have been reported for the first
time.

H =85(ST-§)+8d (dT'&)+ Z

L=0,2,4

J2L+1

2. Calculation procedure
2.1. IBM-1

For nuclei containing N nucleons, the IBM model
assigns occupancy to a truncated model space. It is
responsible for a numerical interpretation of
indistinguishable particles with L = 0 or two forming
pairs. In IBM-1, the Hamiltonian is written as [1, 19]:

C. @ -d 1V [d-d11@ +

N % UZ[[d-r.d-r](Z) .[(;,.g](z) {d-r,s-r]m,[d.d]m]w) N % o dedq@ .[g,g]w) +[ST,ST](0),[a,d](O)](O) N

+%u0 [[s‘*' 110 {58171+ uz[[d rs [ d -5,

The IBM-1 Hamiltonian can be described using
nine terms, two of which appear in one-body terms
(s and d), and ¢, and ¢, denote the energy of the

boson, while the rest are two-body terms (Co, C1, Ca,
Vg, Uy, Ug, Uy). The number of bosons Ny, on the

other hand, is conserved. In general, the IBM-1
Hamiltonian in Eq. 1 is stated [20, 21]:

H=eny +a,P-Pral-L+a,Q-Q+
+agl, Ty +a,T, T,

)

Boson energy e =g, —¢,, and the operators are as
follows:

ny=d"-d,  P=05[(d-d)-(55)]
ﬁz\/ﬁ[d”r.d](l)’

)

I
@)

T =[d"-d]".

The symbols Ay, P, L, Q indicate the operator of
the entire quantity of d-bosons, pairing, angular
momentum, and quadrupole, respectively. The fr
operator represents octupole and hexadecapole as
r = 3 and 4, respectively. The symbol y refers to the

N

quadrupole construction limits 0 and J_rT [22].

The strength parameters a,, a,, a,,8;,and a, are

used to describe the P,L,Q, and T, interactions

between the bosons. The PHINT program’s inter-
action parameters are specified: € =EPS,
ap = 2PAIR, a; = ELL/2, and az = 50CT, CHI = 0.

The IBM-1 performs three types of dynamic
symmetry: U(5), O(6), and SU(3), with their eigen-
values given by [21]

E(ng,u,L)=¢n, +f—;nd (ng +4)+(___

%jo(o+3)+$(a4 —a;)L(L+1), U()

E(X,M,L)z%(yﬁ+H2+xp+3(X+p))+(a1—2%jL(L+l), SU@)

E(G,T,L)Z%(N —o)(N +c5+4)+%t(r+3)+(al—f—8j(L(L+l), 0(6)

Hence, the energy e, pairing ap, and quadrupole a,
parameters correspond to the limits of U(5), O(6),
and SU(3). Several nuclei have a property that
allows them to transition between two or three of the
above-mentioned limits.

210

(4)

The Hamiltonian [1, 19] is recognized for the
calculations that break according to equations:

A

H=a,P-P+al-L+a,Q-Q. (5)
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2.2. IBM-2

In the second type of IBM-2 [23, 24], it was
accepted that the nuclei consist of neutrons and pro-
tons distinguished outside the major closed shells.
Depending on its angular momentum L, each boson
can occupy one of two levels: the s-boson and the
d-boson. The practical formations in even proton-
and even neutron-identical particles are paired to
organize in states with L = 0 and L = 2. S indicates
L =0, and d indicates L = 2. The proton boson is
indicated by m, and the neutron boson is indicated by
v. The s, and s, indicate proton and neutron bosons
with angular momentum L = 0. The symbols d, and
dy are the proton and neutron bosons with angular
momentum L = 2.

The equation of Hamiltonian in IBM-2:

H=H,+H_+V_, (6)

where H, and H,_ are the neutron and proton
boson Hamiltonians, while V_, is the proton-neutron

interaction.
A simplified Hamiltonian [25]:

H =¢(fy, + Ay, ) +kQ,-Q, +V_ +V,, +M_,, (7)

where ¢_, &, are the proton and neutron energies,

respectively, assumed equal (e, =¢, =€), and the
guadrupole operator is

Qp=(d*-s+s*-6)2+xp(dT-J)i p=mv, (8)

where y,, is a parameter to calculate the structure of

the boson quadrupole operator.
The terms V__+V,, signify d-bosons conserving

remaining proton-proton and neutron-neutron inte-
ractions. They are of the form

=3 2L+12Cp[(d;-dg)(L)-(&p-de)(L)J( .

k 124

The last term, M _,
which have the form

My =& (sl-df —dl-sf) (s, -df ~di s, ) -

—2Z<:k(dT *)k-(~ &n)(k). (10)

k=1,3 |

is the Majorana interactions,

If there is experimental evidence for mixed
symmetry states, then the Majorana parameters are
varied to fix the location of these states in the
spectrum.

For energy level calculations, the computer code
NPBOS [26] is used to diagonalize the Hamiltonian
(Eq. 7) and allow the parameters ¢, k, x_, X, and C.

to vary until one obtains the best fit for the experi-
mental data.

3. Outcomes and discussion
3.1. Energy levels in *%¥Gd

The paper seeks to explain the excitation spectra
and other properties of the nucleus **®Gd using the
SU(3) limits of IBM-1 and IBM-2. We have calcu-
lated energy levels using IBM-1 and IBM-2 models,
as well as electromagnetic transition probabilities
and potential energy surface (PES) levels using
IBM-1 and IBM-2 models. The energy levels, the
strength of B(E2), the level energy ratios, and the
PES for *8Gd are discussed comprehensively.

The straightforward method for determining the
IBM-1 parameters is to use the energy ratio (R) as a
starting point for calculations. The energy ratio,

R= E4; /E2], indicates the symmetry form of a
nucleus. The patterns E4; and E2; correspond to

the energy levels 4; (261 keV) and 2; (79.5 keV),

respectively. It is well understood that R ~ 3.33 is
for deformed nuclei SU(3), R = 2.50 is for gam-
ma-unstable nuclei or O(6), and R = 2 is for vibra-
tional nuclei U(5) [27-29]. The energy ratio

R = E4; /E2; for this nucleus is 3.30 indicating a

deformed nucleus SU(3).

The following Tables give information on all
energy states, band structure, E2-transitions, mixing
ratios, and individual states that contain the final
results of *%8Gd.

The best values for the limits that provide a sui-
table fit between the theoretical IBM-1 and mea-
sured levels of the 1*®Gd are given in Table 1, while
Table 2 displays the best-fitting data for the calcula-
tion of IBM-2.

Table 1. The parameters in the IBM-1 calculation
for 1%8Gd

Nucleus | Np ao ai az 1

1%Gd | 13 | 0.00328 | 0.0135 | —0.0300 | —1.33

Table 2. The parameters in the IBM-2 calculation for %8Gd

A Nz | Nv k Xy

. ED | C!? C2

%8Gd | 7 | 6 | -0.078 | -0.850

—0.925 | 0.360 | 0.050 | 0.050
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The results of the energy levels of experiments presented as a percentage of error as shown in this
[18, 27 - 29] and calculations by both models of the  Table, the IBM-1 and IBM-2 computations are
1%8Gd isotope are presented in Table 3. The physical settled fairly with the available investigational
criterion of the quality of agreement between the results.
experimental states and the calculated results is

Table 3. The energy levels of the 18Gd nucleus by IBM-1 and IBM-2 calculations

Experiment IBM
IBM-2 Error IBM-1 Error
J* keV 37 keV % keV %
2 80 21 83 3.8 74 8.5
4 261 44 260 0.38 246 5.7
6 539 61 547 1.48 516 4.3
8 904 81 930 2.88 884 2.2
2 1187 27 1133 4,55 1194 0.6
0 1196 0, 1281 7.11 1196 0
2 1260 23 1273 1.03 1270 0.8
3 1266 31 1265 0.08 1268 0.16
10 1350 104 1442 6.81 1352 0.15
4 1358 4, 1351 0.52 1366 0.59
4 1381 43 1369 0.87
4 1407 ‘N 1672 18.8 2308 64.0
0 1452 03 1472 1.8
5 1481 51 1513 2.2 1489 0.54
5 1499 5, 1588 0.9
2 1517 24 1427 6.3
6 1624 6, 1589 2.2 1636 0.74
6 1636 63 1701 3.9 1712 4.65
(4 1667 45 1747 4.8
0 1743 04 2038 16.6
2 1792 25 1516 154
1 1848 1 1276 30.9
12 1865 12, 2059 10.4 1917 2.78
(2) 1895 26 1613 14.9
4 1902 4¢ 1892 0.5
4 1920 4; 2116 10.2
1 1930 1 2299 19.12
3 1941 3 1381 28.85
0 1957 0s 2337 19.4
2 1964 27 2106 7.2
(5 2018 53 1919 4.9
1+, 2* 2355 15 2417 2.6
3 2034 33 1628 19.9
(2) 2036 2 2307 13.3
2 2084 29 2341 12.3
(4 2095 4g 2357 12.5
2*, 3 2276 210 2412 5.9
0 2277 0s 2477 8.8
0 2340 07 2545 8.5
2 2340 211 2466 5.4
1¢) 2565 14 2538 1.0
(3) 2395 34 2302 3.9
1,2* 2451 217 2502 2.1
(2) 2539 213 2520 0.7
(3) 2600 35 2362 9.1
1¢) 2600.3 15 2681 3.1
0 2644 Og 2611 1.2
1,2* 2674 214 2646 1.1
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Continuation of Table 3

Experiment IBM
P IBM-2 Error IBM-1 Error

7 keV keV % keV %
16 2686 16 2764 2.8

0 2687 0o 2825 5.1
2.3 2701 215 2712 0.4
12" 2805 216 2749 2.0
2.3 2879 217 2852 0.9

0 2910 010 2865 15

2 2964 N 2923 1.4

16 2986 17 3212 7.6
2+ 3 3060 210 2990 2.3

0 3077 Onr 2941 4.4

0 3110 012 3321 6.8

1 3192 1s 3285 2.9
2.3 3201 220 3127 23

1 3202 1o 3371 5.3

110 3577

3.2. Comparative studies
of the g.s.-, gamma-, and beta-bands

The comparative study with the g.s.-, beta-, and
gamma-bands in the present work of IBM-1 and
IBM-2 is compared with previous spdf-IBM data
[18] and measured data [18, 28 - 30] as shown in
Table 4. The g.s.-band of the present works is raised
from 10" (1349.5 keV) [18] to 12" (1865 keV) in the
1%8Ge nucleus. The average error of the previous
spdf-IBM data for the g.s.-band was 13.98 % [18],
where as the corresponding present work for IBM-1
and IBM-2 is 3.78 and 4.28 %, respectively. The

average percentage of deviation for the gamma-band
is 0.48 [18], and the corresponding values for IBM-1
and IBM-2 are 0.52 and 1.8 %, respectively. The
present calculated data for both models for the beta-
band from 0" to 6" are consistent with Ref. [18],
except for 4% levels. Neglecting the calculated 4*
level the average values of errors are 1.81, 4.03, and
3.54 % for the calculated IBM-1, IBM-2, and refe-
rence values, respectively. Therefore, the present
calculations are more reliable than those of previous
calculations [18] and the performance of IBM-1 is
better than IBM-2 for even-even **3Gd nuclei.

Table 4. Comparative study of energy levels of the g.s.-band, gamma-band, and beta-band of *Gd
in previous experiment, spdf-IBM [18] and present work of IBM-1 and IBM-2

Type I Experiment | spdf-IBM A1 Present IBM-1, A, Present IBM-2, As,
[18], keV [18], keV [18], % keV % keV %
2+ 80 67 16.25 74 7,50 83 3.75
= 4* 261 223 14.56 246 5.75 260 0.38
3 6' 539 463 14.10 516 4.27 547 1.48
y 8* 904 786 13.05 884 2.21 930 2.88
@ 10* 1350 1189 11.93 1352 0.15 1442 6.81
12* 1865 - - 1917 2.79 2059 10.40
o 2+ 1187 1186 0.08 1194 0.59 1133 4,55
8 3* 1266 1270 0.32 1268 0.16 1265 0.08
g 4* 1358 1361 0.22 1366 0.59 1351 0.52
= 5* 1481 1504 1.55 1489 0.54 1513 2.16
o 6* 1624 1620 0.25 1636 0.74 1589 2.16
o 0* 1196 1168 2.34 1196 0.00 1281 7.11
s 2+ 1260 1258 0.16 1270 0.79 1273 1.03
% 4* 1407 1461 3.77 2308 64 1672 18.83
= 6* 1636 1765 7.89 1712 4.65 1701 3.97

N o t e. The percentage of deviation A1, Az, and Az calculated from Ref. 18, present work of IBM-1 and IBM-2,

respectively.
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It is found that the energy states of the 0, beta-

and 2; vibrational bands show degenerate states.
The degeneracy in the beta- and gamma-bands uses
a more generalized Hamiltonian to get rid of that.
The degeneracy is well known in the SU(3) limit of
the Hamiltonian. In breaking the SU(3) dynamical
symmetry by introducing a value of pairing interac-
tion, the degeneracy is lifted, and the energy levels
are brought up to the right order as the experimental
ones.

3.3. B(E2) in IBM-1

The B(E2) strength of %8Gd in IBM-1 [1, 19, 30]
is calculated:

TE2 = (le:dT'S‘I‘ST'd}(Z)"' Bz[d*-d](z) =e5Q.
(11)
The symbol (s”, d”) is the creation and (s, d) is the
annihilation operators for s- and d-bosons, respec-
tively, although a2 and B, symbols are two parame-
ters. a2 = e effective charge of boson and
B, = xa,.
The B(E2) value for the SU(3) limits [19]:

SU@B): B(E2,L—>L-2)=

—e,? 4?&12))8:?5)(2N ~L)(2N +L+3). (12)

The effective charge is calculated from the mea-
sured data [28], B(E2;2; —>0;), presented in Table 5.

Table 5. Parameters (in eb) to reproduce
B(E2) values for %8Gd using IBM-1

A Nb o B2
158G 13 0.145 -0.185

3.4. B(E2) in IBM-2

The model wave functions were found by diago-
nalization of the IBM-2 Hamiltonian, and the pro-
gram NPBEM [27] was used to estimate the elec-
tromagnetic transition. The E2-transition operator
[31]:

TE)=e Q_+6,Q,, (13)

where Q, is the quadrupole operator and has the

same definition as in Hamiltonian (7). e, and e, are

boson effective charges depending on the boson
number N, and they can be obtained by fitting

B(E2 120 —>01*) to the experimental data (Table 6).
The comparison between the IBM-1 and IBM-2

calculations of B(E2) values in *®Gd is presented in
Table 7.

Table 6. Parameters (in eb) to reproduce B(E2) values
for even-even 1%8Gd isotope using IBM-2

A Nz Nv Ex ey
158Gd 7 6 0.180 0.100

Table 7. The B(E2) values in *%8Gd nucleus

Experimental B(E2) (e?b?) values in *¥Gd compared with IBM predictions

. IBM
; + JIK
E JiK Es f Experiment [25, 26] BV | BMI-2
g.s.-band
80 20, 0.00 00, 1.01(3) 1.0683 1.0578
261 40 80 20, 1.47(3) 1.5057 1.4953
539 6 01 261 40, - 1.6179 1.5996
904 80; 539 6 0; 1.68(2) 1.6325 1.5967
g.s.-band
1350 100, 904 80 1.73(2) 1.5948 1.5229
1865 12 0, 1350 10 0, 1.58(2) 1.5200 1.3793
Qy, -2.01(4) —2.0894 -2.0817
gamma-band
1358 42, 1187 22 0.58(§5) 0.5210 0.4365
beta-band — g.s.-band
1196 00, 80 20, 0.0059(513) 0.0092 0.0274
1260 20 0.00 00, 0.0016(2) 0.0015 0.0070
20, 80 20, 0.00040(7) 0.0024 0.0039
20; 261 40, 0.0071(8) 0.0054 0.0005

214
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Continuation of Table 7

Experimental B(E2) (e?b?) values in **Gd compared with IBM predictions

_ B . . IBM
Ei Ji'K Es JfK Experiment [25, 26] IBM-1 IBM-2
1407 40, 80 20, 0.0067(}3“) 0.0017 0.0011
261 40, 0.0018(3) 0.0021 0.0007
539 60, 0.0158(3°) 0.0053 0.0100
1920 11, 1187 22 - 0.0037
gamma-vibrational band — g.s.-band
1187 22 0.00 00, 0.017(2) 0.0130 0.0387
22 80 20, 0.031(4) 0.0204 0.0387
22 261 40, 0.0014(2) 0.0013 0.0054
1266 32 80 20, 0.0178(3%°) 0.0228 0.0428
261 40, 0.010(') 0.0116 0.0281
1358 42, 80 20, 0.0057(‘;4) 0.0067 0.0065
261 40, 0.037(24) 0.0240 0.0506
539 60, >0.0048 0.0033 0.0017
K =4, band — g.s.-band
1381 44 261 40, - 0.0109
1499 54, 261 40, - 0.0005
K =03 band — g.s.-band
1452 00s 80 20, 0.0107( 533) 0.0010
1517 20; 0.00 00, 0.00188(25) 0.0014
80 20 - 0.0017
261 40, 0.00193(31) 0.0188
K = 03 band — gamma-vibrational band
1517 | 20; | 1358 | 421 | 0.1224(408) | | 0.0685
K =04 band — g.s.-band
1743 | 00, | 80 | 20, | < 0.00459 | | 0.0009

3.5. Mixing ratios

The M1 transition operator can be written as

T = Blan(g,L+g,L).  (14)

The L, operators are the angular momentum
operators for the proton and neutron and are defined
7 n\@
tobe L, =+10(d,d} )"
g and (g.) are the proton (neutron) boson

g-factors. Their values are determined by fitting to
the experimental value of the g-factor of the 2] state

Having obtained the values of the reduced E2 and
M1 matrix elements, one can proceed to calculate

multipole mixing ratios (5). They are defined [31,
32] as

E2

s[mj =0.835E, (MeV)-A, (15)

where A is the ratio of the reduced E2 matrix
elements to the reduced M1 matrix elements and
determines the sign of 8. E, is the energy of

gamma-ray transition. The boson g-factor for
neutrons and protons is given in Table 8. The mixing
ratios (8) in IBM-2 are presented in Table 9.

Table 8. The boson g-factors used in the calculations

A N Nv Qv gn
1%8Gd 7 6 0.34 0.44

Also, with these boson g-factors, the IBM-2
calculation gives g, a value of +0.39, which is in

perfect agreement with experiment +0.387(4).
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Table 9. Comparison of mixing ratio in measured data [27, 33] and IBM-2

IBM-2 mixing ratios (8) in comparison with available experimental [27, 33] data in **3Gd
Ei (level), + E (level), + 3(e, b/un)
JIK JTK
keV ' keV f By keV Experiment IBM-2
+80<8<-25
1187 22 80 20 1107.63 ’ +87.82
! ! —9.0(15)*
1260 20, 80 20 1180 ~0.70(7) -0.68
1266 32 80 20 1186 +3o(f§) +23.56
32, 261 40, 1004 —23(%9) +15.51
1358 42, 261 40, 1097 +6.4(13), 0.73(4) +6.4
1380 44 261 40, 1119 41.5( f;’) -1.02
1407 40, 261 40, 1145 +1.0(2) +1.20
1499 54, 261 40, 1237 >1* +50
1517 2 03 80 20 1437.89 ~1.5(4) +1.23
1667 403 261 40, 1405.84 +6(2), —0.76(11) +0.39
1920 44, 1380.69 44 539 ~0.02(9), +1.08(17). +12.38
1930 11, 1187 22 743.08 +0.17(15) +0.43
1964 21, 80 20,0, | 188464 -0.08(12), +29(¢) _251.48
2036 @) 80 20 1955.76 +0.06(6), +2.0(3) +0.0011
2089 2 80 20 2009.9 +0.45(20), +7(’) +0.14
1187.14 22 902.07 +1.5(7) -0.20
2095 4) 261 40, 1833.73 ~0.25(13), +1.8(6) ~19.52
3.6. PES with the coherent state (| N,B,y) [19]. The creation

The PES application provides information for
determining the microscopic and geometric shapes
of nuclei. IBM Hamiltonian [33 - 36] produced the
PES plots using the Skyrme mean field procedure.
The IBM-1 energy surface is created by combining
the IBM-1 Hamiltonian’s expectation value (Eq. 1)

bl =

then, the PES can be written in terms of 3 and y as

_Neg® N(N+1)

operators (b, ) act on a state of boson vacuum |0)
to produce the coherent state as follows:

IN,B,v=ﬁ (b)) |0), (16)

where

! \/11? {sTJrg[cow(dg)+\/gsiny(d§+d*2 )}} (17)

E(N.By)=

where o parameters are associated with the coefficient
of Cyi, Va2, Vo, and Uo, as seen in Eq. (1). The term B
refers to a nucleus’s total deformation. Then, the
shape of a nucleus could be spherical or distorted
depending on whether B = 0 or not. Moreover, the

(1+p%)  @+p*)?

I:OtlﬁA +a,B3cos3y + a B’ + (14], (18)

variation in nucleus symmetry is represented by
gamma-term, when y = 0, the nucleus has a prolate
shape; when y = 60, it has an oblate shape. As it is
seen from Figure the nucleus has prolate shape.
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The PES contour plot for 8Gd nuclei. The color panel represents the PES values in MeV.
(See color Figure on the journal website.)

4. Conclusions

The ground energy and other states, electromag-
netic transition, and PES of the *®Gd nucleus were
all theoretically calculated using the IBM-1 and
IBM-2 methods. The results of the ground and other
energy levels of this nucleus are consistent with
previous experimental data. The calculation of the
present work of the g.s.-, gamma-, and beta-bands is
better than the previously calculated reference [18].
Furthermore, the reduced transition probabilities
B(E2) results of IBM-1 calculations are coherent
with the available experimental data. The energy

states of the beta- and vibrational bands show de-
generate states. The **8Gd nucleus under discussion
has a limit of SU(3). In breaking the SU(3) dyna-
mical symmetry by introducing a value of pairing
interaction, the degeneracy is lifted and the energy
levels are brought up to the right order as the expe-
rimental ones.

We are grateful to the University of Mosul, the
College of Education for Pure Sciences, Department
of Physics for their assistance with this research
work.
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ONMC EHEPTETUYHMX PIBHIB TA BJIACTUBOCTEM PO3MIAJLY SIJIPA 8Gd

Jns onucy saapa 8Gd suxopucroByrothes Mozenti IBM-1 1 IBM-2 i3 SU(3). 3po6iieHo po3paxyHKH eHepreTHUHUX
PIBHIB JIJIsi OCHOBHOT'O CTaHy, OeTa- Ta raMMa-30H, SIKi Hali4ytoTh 15 eHepretuuHux piBHiB. OTHAK MU BHSIBWJIH, IO
€HEepreTH4Hi CTaHW 3 OJHAKOBUM CIIIHOM y OeTa- Ta KOJMBAJIBHHX 30HAX CTalOTh BUpPO/pKeHMMH. [Ipu mopymieHHi
nuHamiuHol cumetpii SU(3) BBeaeHHsM mapHOi B3aeMOJIii BUPOJKEHHs 3HIMAeThCs, a PiBHI e€Heprii MaloTh TOH ke
TIOPSIJIOK, 110 M eKCIIEpUMEHTANBHI.

Kniouoei cnosa: IBM-1, IBM-2, enepreTuunuii piseHb, noTeHIiiHa exepris, 8Gd.
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