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1. Introduction

The neutron deficient nuclei originating from the sector characterized by N and
Z approximately equal to 38 to 40 have garnered sustained attention in recent
years. Within this domain, the shell model orbitals exhibit discontinuities at sig-
nificant deformations for nucleon numbers 38 and 40 [1]. Moreover, given that
both neutrons and protons populate identical orbitals in this realm, the impacts
of such discontinuities are notably pronounced. An “island” of nuclei characte-
rized by a significant prolate deformation in their ground state (with a deforma-
tion parameter £, of approximately 0.4) has been identified at the proton and

neutron numbers of 38 and 40, respectively [2] [3]. Furthermore, owing to the
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relatively low density of shell model orbitals in these nuclei, even minor varia-
tions in the number of nucleons lead to remarkable alterations in their shapes. In
a similar manner, a correlation can be observed when the spin is enhanced, as
various occurrences like alignment of particles and hindrance in their motion
are linked with diverse modifications in shape. Furthermore, an additional area
of significance within this vicinity adjacent to the N = Zboundary involves the
examination of the impact stemming from the pairing of neutrons and protons,
with a particular focus on the rivalry between its components characterized by

isospin values of 7=0and 7= 1.

The nuclei within this isolated locality generally exhibj#relativel

cial to employ the IBFFM model.
In the current study, we provide fi
formed in-beam for the odd-odd

formed A = 80 nuclei. Previo

odd-odd 1

n-even nuclei) and the model of interacting boson-fermion (IBFM) [10] (for

ei from the model of interacting boson (IBM) [9] (pertaining to

0 ass nuclei). The Hamiltonian of IBFFM is expressible as follows [11].

Higren = Hgew (7[)+HIABFM (V)"'HF:ES (”V)_HlABM (1)
Here, the acronym Higy is utilized to denote the typical IBM Hamiltonian ap-
plicable to even-even core systems [9]. The symbol H”(V) is employed to cha-

racterize the interaction involving fermion single-particles, while H is used

Bz(Bv)
to elucidate interactions between bosons and fermions. The mathematical ex-

pression (1) can be restated as H =H

H geu (v.7)
Model (IBFM) for nuclei with odd-mass configurations [11]. The final compo-

IBFM (v) +H IBFM(7) Higu + H,,(V) , Wherein

symbolizes the Hamiltonians in the Interacting Boson Fermion

nent accounts for a residual interaction between neutrons and protons.

In this particular model, the *Y nucleus is delineated as a composite system
comprising two fermions: one proton fermion and one neutron-hole fermion,
interacting with an *Sr core. The scope of this model is restricted to the depic-

tion of states involving two quasiparticles. The initial phase involves the deter-
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mination of the phenomenological parameters in the first five terms of Equation
(1) through the characterization of the ®Sr core nucleus and the two neighboring
odd-mass nuclei, namely #Y and ”*Sr. The Hamiltonian (Equation (1)) will sub-
sequently undergo diagonalization within a limited space formed by linking
proton and neutron states to the core space of bosons. The parameters from Ref.
[12] were employed for the Sr core within the IBM framework. In the case of the
positive-parity states in *Y, the IBFM parameters established for the odd-mass Y
isotopes in Ref. [13] were utilized for the analysis. In the present calculations, the

eccentric proton was permitted to populate the orbitals 1g, within the

nopole-monopole terms,
and ODDA and PBEM |
have been used_to calculate levels and electromagnetic decay rates.

en and odd-mass nuclei, respectively,

amiltonian (Equation (1)) is diagonalized, we refer
sen-proton residual interaction in this code is made up of

a quadrupole-quadrupole interaction:

H_, :VqQ” -Q,+V,o, -0, (2)

code includes the residual interactions spin-spin, multipole-multipole,

spin-delta, and tensor interaction, which are represented as [11]:

Ho = Hy+H.__+H._ +H; +H,, (3)
where
Hy =4aV,(r7 =17)8(,r=Ry)8(r, —Ry) (4)
is a surface delta-function interaction between the proton and neutron,
H =4V (r; -1, (07 -6,7)3(,r=Ry)S(r, —Ry) (5)
is a surface contact spin-spin interaction,
H,, =—3V,,0. 0, (6)
is a spin-spin interaction,
B
- 3(0,, r, )z(a r, )_o_: o )
r/rv
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is a tensor interaction, and

A o(r, —r, .
Huw = 4”%;\/“1@ (6’”’@ )Ykm (Hv’¢v) (8)
T'v m
the residual interaction Hamiltonian was calculated as follows:

Hpes = 42V,8(r, —1,)8(r, =R, ) —v3V, (0, -0,)

T

o 3(a:r:2~2(o-7r7) oo )

v

V,

oc!

where R, =12A", the parameters V,,V,

ooco !

V; apd

and determined the strengths of the interactions.

3. Results and Discussion

We took into consideration negative-parity ¢

linked odd-mass nuclei.
The other two potential
negative parity in %Y, weffe not examined, as/it is anticipated that they would

contribute to elevated exc

pertaining to the odd-odd nucleus were uncomplicated, neces-

sitating O

the selection of the neutron-proton interaction parameters. The

pact of zhe quadrupole-quadrupole interaction was deemed minimal on the
es, ultimately leading to its exclusion. It is comprehensible, given that the
rity of quadrupole interactions have already been addressed by the interac-
tion between bosons and fermions. The interaction between spins has implica-
tions on the arrangement of the lowest energy states; however, a trade-off was
necessary to describe both positive and negative states effectively, requiring very
low values for V,. Consequently, the final outcomes were minimally affected by
this parameter. Here, we present the results obtained using V; = 0.03 MeV.
Figure 1 and Figure 2 depict the outcomes of the computations for the posi-
tive-parity states, reaching spin 14, and the negative-parity states, extending up
to spin 15, respectively. The derived states have been organized into groupings
that are tentatively linked to those observed in experimental settings. The corre-
lation between the computed states and the ones witnessed has been established
by examining their decay mechanisms. The computed branching ratios are jux-
taposed with the empirical ones in Table 1, revealing that the computations sa-

tisfactorily depict the data. Evident from Table 1 is the assignment of the 5 state
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Figure 2. Comparison of the experiment [18] for the negative-parity states with the pre-

dictions from IBFFM.
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Table 1. A comparison is made between the IBFFM and experimental [18] branching ra-
tios in ®Y. The initial section of the table illustrates the in-band transitions, while the
subsequent part delineates the interrelations among the lowest states of the positive-parity
bands. In the case of each particular level, the most robust branch is standardized to
100.

Branching Ratios

Exp. IBFFM

0.313 6, 5 100 (3) 75.9

2 100 (9) 89.3
1L 6.6 (25) 7.19
3 100 (5) 92
2; 9.9 (11) 12.5
0,215 5, 4; 100 (6) 100
0.418 5, 3 30.0 (27) 35.6
0.328 6, 5, 100 (8) 8.44
0.543 6, 4; 40.1 (11) 56
0.282 7, 6, 100 (9) 23.5
0.610 7, 5, 20.2 (46) 25.8
0.469 8, 7, 100 (5) 100
0.750 8, 6, 87.8 (54) 92
0.349 9, 8, 27.7 (34) 33.6
0.820 9, 7, 100 (5) 100
0.613 10, 9, 48 (11) 52
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Continued
0.960 10, 8, 100 (17) 100
0.416 11, 10, - 66
1.227 11, 9, 100 67.9
0.200 8 7 24.2 (25) 27.33
0.433 8 6, 100 (2) 100
0.336 9 8
0.539 9 7
0.447 10} 9
0.735 10; 8
0.348 1 1
0.794 11
0.685 12; iy 6.0 (18) 7.88
1.336 12; 10; 100 (23) 100
0.333 13} 1 7.7 (18) 13.9
1.016 137 L 100 (24) 100
0.931 13; - 23.5
12; 100 24.5
3 100 (5) 100
2 3.0 (4) 5.32
4; 100 (20) 100
0,432 5, 3 40.8(18) 45.39
0.241 6, 5 100 (2) 100
0.433 6, 4; 50.7 (16) 56.7
0.332 7 6, 55.5 (6) 65.3
0.540 7, 5, 100 (2) 100
0.328 8; 7 100 (3) 23.23
0.625 8, 6, 93.5(2) 88.4
0.410 9; 8; 39 (12) 442
0.816 9, 7, 100 (39) 100
0.549 10; 9; 15.8 (53) 17.3
0.955 10; 8; 100 (32) 88.44
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Continued

0.466 11 10} 23.1(51) 25.3
1.010 11 9, 100 (8) 100
0.688 12; 11 21 (10) 25
1.142 12, 10; 100 (7) 100
0.498 13; 12; - 21
1.183 13; 17

0.131 6; 6;

0.331 6; 5!

0.540 6; 4;

0.220 7, - 66.3
0.455 7; 6, - 25.8

emerging from band 5 asfthe second computed (5,) state. The calculated 5/
state could possibly corr vel situated immediately below the 6*
, and 0.186 MeV, thus complicating their

certainties even surrounding their sequential

vhereas the 7] and 6, states (belonging to band 5) exhibit

apections to this state, a phenomenon corroborated by experimental

BFFM wave-functions for the positive-parity states are dominated by the
go/proton and neutron orbitals, while in the negative-parity states the dominat-
ing orbitals are ngo, and vf5,. In some cases, this confirms the Nilsson assign-
ments made on the basis of the two-qp-plus-rotor model. On the other hand, the
present calculations cannot provide a strong contribution of the ds, orbital to
the wave-functions. The ds, orbital in a spherical shape is positioned at a consi-
derable distance in comparison to the gy, orbital. Consequently, it becomes in-
volved in the wave-functions of odd-A isotopes with contributions that are less
than 10%. As a result, we anticipate that the depiction of the well deformed sce-
nario will not be very accurate, particularly when the [431] 1/2 orbital (originat-
ing from ds,) significantly competes.

Figure 3 illustrates the prediction of the B(M1)/B(E2) ratio for the designated
bands. The estimation indicates an overestimation by a factor of 3 - 4 at the low-
er spins within band 5, and an underestimation for band 6. Notably, the contri-

bution of the [431] 1/2 orbital is deemed significant for both bands. In addition,
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12 14

1) strengths are also projected to be underestimated for the odd-spin
members of the positive-parity band 3, a trend reflected in the predicted branching
ratios presented in Table 1.

The limitations of these computations seem to lie in their incapacity to pre-
cisely delineate the relative positioning of band-heads and the spacings of the
lowest levels within the bands. Enhanced positioning accuracy of negative and
positive-parity band-heads would have necessitated adjustments in the parame-
ter Vs. Conversely, while there could have been some enhancement in the spac-
ing of the lowest states, its impact on the computed decay characteristics was
minimal. These deficiencies may be ascribed to the insufficiency of the neutron-
proton interaction model employed. The significance of this interaction in elu-
cidating intricacies of the observed level structure was underscored in both the
two-qp-plus-rotor model [6] and in other IBFFM computations. Particularly in
the IBFFM calculations, superior outcomes have been achieved by incorporating

a surface-§ interaction [11]. Due to the limitation of the utilized code to only
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Enengy (

Excitat

incorporate interaction, the examination of such effects was precluded. Further
scrutiny was conducted on our IBFFM computations pertaining to the gq,, ®9,,,
band, which was also identified in the more massive odd-odd Y isotopes, #Y
[19] [20] [21] and %Y [22] [23]. Illustrated in Figure 4 is the manner in which
this band is delineated in ®?Y and *Y, employing calculations akin to those ex-
pounded upon earlier for Y. The fundamental characteristics of these bands are
effectively expounded upon until the point of backbending (interaction with
other bands, as elaborated below). While not perfectly in phase with the ob-

served data, the computations also exhibit an inversion of nature split-

depicted.

4. Conclusion

isting level arrangement |
and transitions. Numero
have been detected up to
characterized

structures are de
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Figure 4. IBFFM predictions for the positive-parity band 5 and its equivalents in 52Y [19] [20] [21]
[22] and #Y [22] [23] are compared in an experiment.
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thereby facilitating identifications of their principal configuration. The determi-
nation of absolute electromagnetic decay transition probabilities (level lifetimes),
which can now be achieved using the most extensive Ge detector arrays, would
be crucial in enhancing the characterization of this nucleus structure and the pro-

gression of its shapes as a function of rotational frequency.
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