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1. Introduction

Various models have been used to explain the distribution of protons and neutrons in the nucleus and to correlate this
distribution with its properties, such as binding energies, deformation, and rotation. For instance, the liquid-drop model [1],
which conceptualises the nucleus as a charged liquid drop, addresses bulk properties such as fission, binding energies, and
collective oscillations. Nevertheless, this model could not explain the existence of so-called “magic numbers” and the stability
of some nuclei. To overcome this, the nuclear shell model [2]. It was developed with quantised single-particle energies in an
average potential well. The model explained the magic numbers by including spin—orbit coupling and provided a microscopic
account of nuclear structure by describing how nucleons fill individual shells in accordance with the Pauli principle. Later, for
deformed nuclei, the Nilsson model. Extended the shell model by incorporating quadrupole deformation in the potential. This
modification allowed spherical shells to be divided into Nilsson orbitals, a foundation on which to describe rotational bands and
quasiparticle excitations in well-deformed nuclei. Together, the models offer complementary pictures: the liquid-drop model
accounts for collective bulk motion, the shell model accounts for single-particle arrangements, and the Nilsson model reconciles
the two by accounting for how nucleons occupy orbitals in deformed systems. A process fusion evaporation reaction that
produces a heavy ion. A highly excited compound nucleus is created when an ion projectile collides with a target nucleus. This
nucleus then cools by releasing light particles like protons, neutrons, or a particles. The residual nucleus generated depends on
the selection of the evaporation channel. At a beam energy of 215 MeV, the reaction ''°Cd (*3Ca, 3y) was used to populate the
isotope ''Er. Three neutrons (xn=3) were emitted from the excited compound nucleus, forming '*'Er.
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This reaction pathway provides an effective method for producing the odd-A erbium isotope '®'Er for detailed
spectroscopic investigation. A high-efficiency y-ray detector array (Gammasphere), which enables accurate coincidence
spectroscopy and level scheme construction, was used to quantify y-ray emissions during de-excitation and to investigate their
rotational structures [3]. The standard RADWARE program package [7] was used to analyse the y-ray spectra obtained with
Gammasphere. This allowed for the creation of level schemes for the erbium isotopes, background suppression, and coincidence
gating. These spectra are used experimentally to investigate rotational alignments, quasiparticle excitations, and lowered
transition probability ratios in these nuclei.

Previous studies have systematically investigated the reduced electromagnetic transition probability ratios
B(M1)/B(E2) for erbium isotopes, revealing clear differences between the strongly coupled multi-quasiparticle (C1) and single-
quasiparticle (C2) rotational bands[1, 4]. However, the heaviest odd-mass isotope in this chain, '*'Er, has not been explored
within this framework, leaving a gap in understanding how the magnetic dipole (M1) strength and quasiparticle—rotor coupling
evolve with increasing neutron number. The present work, therefore, aims to extend these investigations to '$!Er, to test the
theoretically predicted systematic reduction of M1 strength with neutron number [5], and to determine the B(M1)/B(E2) ratios
for this nucleus experimentally for the first time.

Ultimately, the current study of rotational structures in '®!Er contributes to the systematics of B(M1)/B(E2) ratios along
the erbium isotope chain and provides new evidence for the microscopic origin of backbending. More significantly, the observed
decline in M1 strength as the neutron number rises emphasises how pairing correlations and shell filling control quasiparticle—
rotor coupling.

2. The experimental data

The experimental data summarized here correspond to measurements previously carried out at the ATLAS facility at
Argonne National Laboratory. The experiment involved fusion—evaporation reactions in which excited states of several nuclei,
including '*'Er, were populated using a “Ca beam incident at 215 MeV on enriched (98.7%) ''°Cd targets. In the original
experiment, two self-supporting ''°Cd foils with a total thickness of 1.3 mg/cm2 were used. y rays emitted from the reaction
products were detected using the Gammasphere spectrometer. Approximately 1.9x10° events were recorded through rapid
coincidence firing of at least seven of the 110 Compton-suppressed HPGe detectors. Over a five-day period, about 1.4 x
1011triple and 3.5 x 1010 quadruple coincidence events were accumulated. The data were processed into four-dimensional (Ey)
hypercubes and three-dimensional (E}}) cubes following the procedures described in Ref [6]. For the present work, only the y-
ray coincidence data for ' Er were analyzed. One-dimensional spectra were extracted, and gates were placed on stretched
quadrupole (E2) transitions. Based on the predetermined angular configuration of the Gammasphere rings, the data were divided
accordingly for further analysis.

3. Level scheme of yrast bands of 156-161 Er nuclei.

Figure 1 presents the partial level scheme of the yrast bands for the Er nuclei, which is constructed from gamma-
ray analysis data using Radware data analysis software. It depicts the nuclear energy levels, spin, parity, and gamma-ray
transitions between the level energies of the rotational band of each isotope, noting that the energy levels are accompanied by
their respective spin and parity assignments based on prior experimental works using the quasiparticle and rotational
configuration schemes. [7, §].

Nuclear energy levels in the yrast bands of even-even (even-A) *158190Er nyclei exhibit prominent features of well-
deformed rotational bands. Their yrast bands start with 0" spin and parity, based on the vacuum state 0- quasiparticle
configuration and follow the expected (E o I(I 4+ 1)) relation for a rotational spectrum. The spacing between the nuclear
energy levels provides evidence of a strongly collective rotation, which is consistent with a deformed prolate nuclear shape. The
increasing moment of inertia with rotational frequency indicates the gradual alignment of high-j Nilsson orbitals, likely due to
the gradual breaking of nucleon pairs experiences backbending [7, 8]. The odd-A '3715%16!Er nuclei have an unpaired neutron,
forming yrast sequences correspond to 1-quasiparticle configurations on Nilsson orbitals close to the Fermi surface (e.g.,
v7/27[514],v9/2*[624]) [9, 10]. For these configurations, the band heads are relatively low (e.g, ~267 keV for '°'Er) and are
followed by an increase in spin. These bands show lower collectivity than in the even-even nuclei, which is evidenced by the
irregular spacing of the levels and some hinge-like signature splitting.

The structural evolution of several isotopes as the neutron number rises can be directly compared thanks to this
compilation. For example, although %3810y display very regular revolving bands, the odd-A isotopes show more complex
behaviours due to the interaction between degrees of freedom for single particles and collective particles. The excitation energy
consistently shifts upward with neutron number, especially in even-even isotopes, reflecting changes in pairing correlations and
deformation. [11].

156-161
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Figure 1. Partial level Scheme of yrast bands of >¢'*'Er nuclei.

3.1 Alignment and rotational properties of Band
Alignment (aligned angular momentum) as a function of rotational frequency plots [12]can be used to experimentally
identify the majority of nuclear structure features of rotational bands. These properties can be derived from the spin of the energy
level and gamma transition energies. The reference angular momentum is subtracted to provide this alignment.
(w) = I (w) - Ix,ref(w) (1
ex(w) = E(w) — Eref(w) 2
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Ix is the aligned spin I, = {/I(I + 1) — K? at a given spin, the rotational frequency is related to the gamma-ray transition
energy w = E, /AL, ~ E,/2 h, whereas the rotational reference I, . (w) and E,..(w) are given by

Lyer(@) = (Jo + J)D)w — i, (3)

-1 -1 1.
Erep(@) = S w?fe oy + ) “4)
In order to guarantee that the alignment for the yrast band of '*!¢'Er at low rotational frequencies is roughly zero,

Harries' parameters [13] Jo =27.8.0MeV-! and J; =45.0MeV-? were selected from the mean values for two even-even neighbours
with an offset ip=0. Following the initial backbend, these values give the quasineutron configuration consistent alignment.
Figures 2 and 3 display the alignment pattern for the yrast band of '**1°'Er nuclei.

3.2 Alignment Comparison of odd-A and even-A neighbouring Er isotopes:

The yrast bands in all Erbium nuclei from '361®'Er exhibit a first backbending, which arises due to the Coriolis force
breaking the first or second pair of 132 quasineutrons (denoted as pairs AB for even-N isotopes and BC for odd-N isotopes),
followed by a second backbending due to the alignment of a pair of /;;» quasiprotons A,B,, as illustrated in Figures 2 and 3.
In the present work, the experimental alignments were calculated using the reference parameters (Jo, J1) adopted from the
previous section. These calculations were performed for the yrast band in ''Er, and compared with the yrast bands of odd-A

neighbouring Erbium isotopes possessing signature and parity (a, ) = (+, + %). The configuration of the yrast bands in '*’Er

and '®'Er is based on the [6 5 1]3/2 i3, orbital, while for '*'Er. The configuration is based on the [6 4 2]5/2 i113/2 odd nucleon
subshell. The alignment of the angular momentum as a function of the rotational frequency in the yrast bands of the odd Erbium
isotopes '7Er[14] [15] [16]'®°Er, and '®'Er [17] has been systematically compared. The yrast bands with signature and parity (+,
+1/2) in these odd-A isotopes are associated with one quasineutron configuration. They start with the alignment angular
momentum of approximately 1h. At low rotational frequencies, the yrast band exhibits collective rotational motion that
corresponds to prolate nuclear shapes.

Figure 2 displays the experimental alignment plots up to the termination states for the yrast bands with signature and
parity (+,1/2) in the odd-N isotopes %> 1% 181Er, Consistent with its collective features, the yrast band in !'*'Er exhibits a band
crossing with a gain in alignment of 6.87h at a rotational frequency of 0.38 MeV/h. Alignment gains of 9.43h and 6.34h,
respectively, alter the collective behaviour in the '37-'%'Er yrast bands. The second pair of i13» quasineutron (BC) aligns with
these gains at crossing frequencies of 0.394 MeV/h and 0.353 MeV/h, respectively. Because of the presence of (A) quasineutron
configuration in all yrast bands, AB quasinutron crossings in odd-N '37-1%!Er isotopes are Pauli blocked, as shown in Figure 2.
As a result, they exhibit BC band crossing to align the same pair of i13» quasineutrons BC at a rotational frequency, as shown in
Table 1. Following BC crossing, the bands' behaviour shifts from collective-prolate to non-collective weakly deformed oblate
mode up to their termination states [18] due to the abnormalities that arise from breaking a pair of h12 quasiprotons A,Bp. The
yrast band (+, 1/2) in nuclei '*-15% 11Er obtains an ABC A,B,, configuration at the same rotational frequency (0.46 MeV/h) with
a gain in alignment of = approximately 4-6. This behaviour was caused by the compensation between the increase in gain due
to the alignment of BC quasi neutrons and the decrease in the neutron pair gap. This interpretation confirms that the yrast band
in those nuclei has the same amount of mixing between the proton Fermi surface and highly alignable low Q components of the
hi1 protons, which does not change as the nuclei rotate.
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Figure 2. Experimental alignment versus rotational frequency of yrast bands of '°7> 3% 161Er,
The Harris reference parameters are chosen to be Jo-27.8MeV-! and J;=45.0MeV-

Figure 3 reveals systematic changes in AB neutron crossing and A,B, proton pairs. AB crossing frequency decreases with
increasing neutron number, for even-N (136 158%160Er) nuclei at rotational frequencies of #®=0.304,0.289, and 0.282 MeV,
resulting in gains in alignment of 10.81, 9.66, and 9.62 #, respectively. In *°Er, the band exhibits a pronounced backbend at a
rotational frequency of 2m = 0.304 MeV/A. Beyond this point, the band carries an aligned angular momentum of approximately
10.81% at rotational frequencies greater than 4 MeV/A, up to the terminating state 42°. Sudden structural changes observed at
high spins provide evidence of a transition in the nuclear configuration mode, indicating a loss of collective motion and the
development of a non-collective oblate nuclear shape. The decrease in the AB crossing is related to the reduction of neutron pair
correlations [19], as well as gain in alignment decrease with neutron number for ('36- !5 19Fr) occurs as a result of the increase
in pairing energy gap and spreading between the Fermi level and highly alignable low Q i;3» neutron components, which lead
to the increase of quadrupole deformation.

The dominant h;, proton band crossing (A,B, ) occurs at rotational frequencies that increase with the neutron number,
for both even-A and odd-A Er nuclei. This crossing takes place within the rotational frequency range 0.4< ® < 0.47 MeV/h. In
addition, the alignment of the hii» Quasiprotons increases with increasing neutron number. The observed shift in both the
crossing frequency and the alignment of the A,B,, quasiprotons can be explained by changes in nuclear quadrupole deformation
with neutron number, as interpreted by Riley (1984) and Simpson et al. (1987). According to the Nilsson model, the proton
Fermi surface lies close to the Q=7/2 component of the h;, proton subshell. The degree of proton alignment depends on the
amount of mixing between the Q=7/2 level and the low-Q components hjip, resulting from the increase in quadrupole
deformation with neutron number, which is influenced by nuclear rotation. This deformation causes the Q=7/2 and Q=1/2 levels
to move further apart, thereby reducing their mixing.

After (ApBp) proton crossing, the yrast band in % 'Er presents an anomaly observation due to a strong up bend at
rotational frequencies 0.585 and 0.673 MeV/h, respectively, known as unpaired band crossing[20, 21], which is attributed to the
exchange of a pair of neutrons in levels of the different signature partner bands for both signature partner parity bands at high
rotational frequencies, and couple both pairs to the signature and parity (a, ) = (+,0). The quantitative changes in alignment
and crossing frequencies in even-A % 38190Er nyclei are shown in Table 2. The quasiparticle configurations of the yrast band
in 36-181Er nuclei [24, 25] are listed in Table 3.
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Table 1. Explains crossing rotational frequencies and alignment gains for BC neutron and A,B,

proton band crossings in odd-N !37-15% 181Ey nyclei

Isotopes Start i, h BC o Aixayh ApBy Aixpy)h
S7Er (+, 1/2) 3.52 0.394 9.43 0.46 6.00
9Er (+, 1/2) 3.60 0.360 6.34 0.46 6.06
61Er (+, 1/2) 4.25 0.370 4.3 0.47 4

Table 2. Explains rotational crossing frequencies and alignment gains for AB neutrons and A,B, proton pairs, and unpaired

band crossings in even-N nuclei.

Isotopes AB Aiy; (h) ApBp Ay (h) Unpaired Ay (h)
I36Er 0.304 10.81 0.402 3.5 -
I58Er 0.289 9.66 0.429 6.47 0.585 5.68
160Ey 0.282 9.62 0.470 8.01 0.673 7.87

Table 3. Explains the quasiparticle configurations of the yrast band in '3-1*'Er nuclei [24, 25].

Yrast band Configuration
S7Er A— ABC
'3Er 0 — BCAD — BCAD — A4,,B,
I59Br A — ABC — ABCQ®A, B,
160 0 — AB — AB®A,B,, and EF and, or CD
1615y

[642]5/2°—[642]5/2" BC—[642]5/2* BCRA,B,

20
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4. Ratio of Reduced Transition Probabilities BM1/BE2 for Strongly Coupled bands C1 and C2 '®1Er
The lowered transition probabilities, which are commonly stated as the ratio B(M1)/B(E2) for stretched M1 and E2
transitions, aid in the verification of a suggested nuclear structure. Donau and Frauendorf's semi-classical method can be used
to hypothetically determine these ratios.
-2 1
e 2 2\2 ' .
1;((1:21:11_)11_21)) = ngcozi(wso” [1 - (II_{%)Z] {(1 - Il{_z) [K1(91 — gr) (1 * %) + 20 Kn(gn — 9r)] — ?[(91 —gr)is +
Zn(gn - gR)in]}z (5)
Where K, g i stand for the K value, g-factor, and alignment of the quasiparticle that causes the signature splitting in
a configuration, and Qy is the quadrupole moment. The state's shell configuration affects the single-particle g-factor's value. The
rotating g-factor, which is commonly assumed to be Z/A, is denoted by gr, whereas K=nKn denotes the entire K value.
It is possible to evaluate the reduced B(M1)/B(E2) transition probability ratios when both Al = 1 and 2 transitions are permitted
in the decay out of an excited nuclear state. The measured y-ray energy and efficiency-corrected intensities were used to
experimentally compute the B(M1)/B(E2) ratios using the standard relation.

B(MLI-I-1) (E},(1—>1—2))5 11 Uy
B(EZ,I-1-2) 0.697 (B, (I~1-1))3 x A A(1+62) [ezbz] (©)
Where,
A:Iy(l—>l—2)/1y(1—>1—1) 7

Where E, is measured in MeV and I,, and E,, are the y-ray energy and intensities, respectively. Spectra generated by gating
above the level of interest were used to obtain the experimental ratios.

4.1 Level Scheme and y-ray Coincidence Spectra of the Strongly Coupled Bands in '*'Er.

Figure 4 illustrates the energy-level diagram of the strongly coupled bands C1 and C2 in '*'Er determined in the present
work. Band Cl1 is built on the lowest spin state [=5/2"and extends up to the highest observed spin [=95/2". The maximum linking
transition, corresponding to Al = 1, occurs at spin [=29/2". Band C2 is built on the lowest spin I=11/2" and extends up to [=35/2"
, with the strongest linking transition observed at the top of the band (I=35/2). The detailed configuration assignments for both
bands are provided in Table 4. In general, the transition energies in C2 are higher than those observed in C1.
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Figure 4. Partial level scheme of !*!Er, showing the strongly coupled bands C1 and C2 constructed in the present work.
This figure also presents the yrast band y—ray spectrum of '*'Er, measured using the RADWARE analysis program with a triple-
gate sum over 198-879 keV transitions. Strong peaks at 198, 317, 425, and 518keV follow the core of the rotational cascade,
while the decaying band is also observed to high-spin at higher-y energies up to 1478 keV [26]. Figure 5 is the y-ray spectrum
of the strongly coupled band in '*'Er C1 obtained using the Radware program with a triple coincidence gate on the 421, 459,
and 484-keV transitions [26]. Figure 6 is the y-ray spectrum of the strongly coupled band in '®'Er C2 obtained with a triple
coincidence gate on the 204- and 242-keV transitions [26, 27].
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4.2  Alignments and band crossings in !'Er
The peculiar The nucleus '*'Er is located in the well-prolate deformed region, has a characteristic revolving feature, and has Z
= 68 and N = 93. To explore the effects of rotation on independent-particle motion in a deformed potential in '*'Er and to
describe the properties of rotational bands at high spin, the experimental excitation energy and spins must be transformed to the
rotating frame. For the yrast band and tightly linked bands seen in '*'Er nuclei, Figure 7 shows the typical plot of the aligned
angular momentum (i) as a function of rotational frequency. The quasiparticle-aligned angular momentum is produced by
deducting the reference angular momentum, oJy + *J;, from the total angular momentum along the rotating axis. The Harris
parameters Jo = 27.8 MeV~! and J1 = 45.0 MeV are used.
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Figure 7. Experimental alignment versus rotational frequency of the strongly—coupled bands C1 and C2 compared with the
yrast sequence in '°'Er nuclei. The Harris reference parameters are chosen to be Jo =27.8.0MeV-! and J; =45.0MeV-3
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The effect of multiple quasineutron alignments on strongly-coupled band structures is evident in the alignment
behaviour of '°'Er [26]. The yrast band exhibits rather wide starting alignments of 4.33%, and they undergo a noticeable up bend
at hw~0.37 MeV. The band crossing could be understood as the alignment of the neutrons BC [28, 29] . The second crossing
yrast band at 4®~0.47 MeV corresponds to the mthii» (ApBp) alignment, giving an additional gain of about 4.3%4. The proton
alignment follows the neutron crossing by a slight amount. The two signature partners in the strongly coupled band C1 display
comparable behaviour, and the initial band crossing takes place at o~ 0.23 MeV. The two signature partners display an
alignment gain of roughly 6.5% following the band crossing, which is in line with the neutron AB alignment [23, 30, 31]. The
alignment curves for the two signature partners bands are displayed in Figure 7. In the second band crossing in the strongly
coupled band C1, corresponding to the hi12 (ApBp) proton alignment, takes place at #0~0.47 MeV with an alignment gain of =
64, indicating a significant nature inversion following the first band crossover in band C1. The configurations of bands C1 and
C2 in '*'Er are identified for the first time. The two signature partners in the strongly coupled band C2 are nearly identical and
exhibit the highest state seen. Band crossing occurs near the top of the strongly coupled band C2 with rotational frequency
ho~0.275 MeV. Since the crossing is not yet finished at the final transition shown, the alignment gain could not be determined
in the current study. The band-crossing frequency is attributed to the neutron AB alignment since it is roughly equal to the yrast
band in '%?Er [23, 31, 32]. The quasiparticle configurations, with rotational frequency at band crossings and alignment, of the
strongly coupled bands of '°'Er are presented in Table 4 [23, 29]. Quasiparticle labelling for Nilsson quantum numbers at /i =
0 is explained in Table 5 [33] [22, 34, 35].

Table 4. Explains the quasiparticle configurations, with rotational frequency at band crossing
(proton, neutron) in strongly coupled bands, in '°'Er [23, 29].

Band Neutron Alignment(7) Proton Alignment(7) Configuration
16IEr — C1 0.23 6.5 0.47 6 E(F) -»E(F)AB —E(F)ABE,F,
161Er — C1 0.275 - X(Y) »X(Y)AB

Table 5. Quasiparticle labelling scheme 7 = parity and o = signature [33, 35] .

Label (T, O)n Nilsson quantum numbers
Quasineutrons A (+, +1/2) 113/2 [651] 3/2
B (+, =12 i13/2 [651] 3/2
C (+, +1/2)2 i13/2 [660] 1/2
D (+, —1/2) 113/2 [660] 1/2
E (=, +1/2)n ho/> [521] 3/2
F (= —12) ho/> [521] 3/2
G (=, +1/2) f7/2[523]5/2
H (- -172) f7/2[523]5/2
X (=, +1/2)2 hu/2 [505] 1172
Y (=, —1/2): hui/2 [505] 1172
Quasiprotons A, (= —12)h hui/2 [523]7/2
By (= +12) hui/2 [523]7/2
E, (+, =12 g:/2 [404]7/2
Fpp (+, +1/2) gi1/2 [404] 7/2

4.3  Calculation Parameters
An estimate of single-particle g-factors can be obtained using the relation:

9k =91 £ 7—{gs — g1}, (8)
where /+1/2 orbitals have a plus sign and /-1/2 orbitals have a minus sign. The total single-particle g-factor (g;) combines the
orbital and spin contributions of a nucleon. For protons, the orbital g-factor (g;) = 1, while for neutrons (g;) = 0; the spin g-
factor (gg) = +5.586 for protons and (gs) = —3.826 for neutrons.
These values, used in the Schmidt model, allow the evaluation of the magnetic moments of nucleons in specific orbitals.
The resulting g-factors are listed in [14, 36, 37]. Proton g-factors are always positive, whereas neutron g-factors can be positive

or negative depending on the / &+ s coupling.
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For rotational nuclei, g-factors are taken from cranking model calculations[16]. In calculating BM1/BE2 ratios, the single-
particle g-factors (gl, g2, g3) are assigned to the quasiparticles forming each configuration (e.g., A, B, C or Ap, Bp) [14, 36,
371.

To extract the single-quasiparticle alignments used in our B(M1) and B(E2) estimates, we evaluate the experimental
aligned angular momentum i from the gain in alignment; each alignment depends on the single-quasiparticle configuration and
band-crossing configuration, such as AB and BC.

Aiy = [ix(w)]after - [ix(w)]before )

measured at the crossing's beginning. In even-A nuclei, the ground-state (0-qp) band is the "before" value, whereas in
odd-A nuclei, the yrast 1-qp band is the "before" value. This ensures that Ai, indicates the alignment carried by the additional
quasiparticle or particles AB for the initial 1132 Neutron pair, Ap, and BC for the second pair, respectively, Bp. Regarding the
hi1, two protons. The number of band quantum numbers is [38].

Table 6. Parameters adopted for the calculation of B(M1)/B(E2) ratios in strongly coupled bands of ''Er.

Band gal gal gai i]_ i2 i3 kl kz k3
6IEr - C1 1.34 -0.30 -0.3 1.3 1.9 6.87 7/2” 0 3/27
161Er - C2 -0.30 -0.2 -0.3 -0.2 0 11/2~

Table 6 lists, for each band, the quasiparticle alignments i;, i and i3 at successive crossings, along with the
corresponding K components ki, ks, k3 of the configuration. Using these inputs together with the single-particle g factors by
using ref [16, 36, 37], ggr =Z/A, and Qo. From the adopted deformation, Theoretical values obtained by using the bm1be2 code
written in FORTRAN. The program returns B(M1) and B(E2) versus spin from the particle—rotor formulas using the specified
i and K Quoted uncertainties reflect the propagated errors in i and Qo.

5. Results

The experimental results of measured B(M1)/B(E2) ratios and theoretical calculations for the strongly coupled bands
in '8'Er have been assigned in the current work for the first time. The experimental results, shown as data points in Figure 8,
agree well with the theoretical calculations (solid lines) for both configurations. M1 transition strength in '*'Er is noticeably
weaker compared with previous studies on the neighbouring odd-mass nuclei '*”'*Er (Ref.[16]). The behaviour suggests that
the increasing neutron number strongly influences the M1 strength. Furthermore, the band configuration also appears to have a
significant effect on the M1 transition strength. The numerical results are presented in Tables 7 and 8.

Table 7. Gamma-ray transition energies and B(M1)/B(E2) ratios for '*'Er C1.

Transition E, (keV) B(M1)/B(E2) B(M1)/B(E2)
29/2- > 27/2- 292 0.251 0.05151
27/2- - 25/2- 183 0.008 0.01901
25/2- - 23/2- 276 0.0645 0.00204
23/2- - 21/2- 177 0.127 0.00280
21/2- > 19/2- 244 0.0324 0.02540
19/2- > 17/2- 164 0.253 0.07848
17/2- - 15/2- 196 0.8195 0.18308
15/2 - 13/2- 140 0.014 0.40573
13/2- > 11/2- 140 1.207 1.10200
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Table 8. Gamma-ray transition energies and B(M1)/B(E2) ratios for '°'Er C2.

Transition E, (keV) B(M1)/B(E2) B(M1)/B(E2)
35/27 - 33/2~ 270 2.147 2.69511
33/27 - 31/27 316 2.497 2.53414
31/2= - 29/2~ 306 1.815 2.38009
29/27 - 27/2" 305 1.583 2.23335
27/2- - 25/2- 298 1.444 2.09446
25/27 - 23/2° 287 1.233 1.96425
23/27 - 21/2° 275 2.103 1.84395
21/2" > 19/2" 260 1.863 1.73558
19/2- > 17/2~ 243 2.392 1.64259
17/2~ - 15/2~ 224 2.163 1.57146
15/2= - 13/2~ 204 1.151 1.53599
13/27 - 11/2~ 182 0.954 1.57150
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Figure 8. Experimental B(M1)/B(E2) ratios as a function of spin for '®'Er, compared with theoretical calculations for the

6. Conclusion

The experiment was conducted at the ATLAS facility of Argonne National Laboratory, with data collected using the
Gammashperearray and analysed using the RADWARE program. For the first time, the B(M1)/B(E2) ratios of the strongly
coupled bands in '®'Er were measured. Based on the analysis, the configurations of the yrast and strongly coupled bands '*'Er
were successfully assigned. The results indicate that the M1 transition strength decreases with increasing neutron number. These

Spin, 1 (7))

proposed configurations.

27



EDUSJ, Vol, 35, No: 2, 2026 (15-30)

findings provide a valuable foundation for future investigations aimed at identifying new transitions within strongly coupled
bands and exploring additional rotational structures in '*'Er.
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