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A 160Gd beam was accelerated to an energy of 1000 MeV and, separately, bombarded thick targets
of 154Sm and 164Dy in order to observe neutron-rich, rare-earth nuclei via deep-inelastic collision
processes. Gammasphere was utilized to observe γ-ray emissions. Many new states and transitions
were observed in 160Gd as a result of so-called “unsafe” Coulomb excitation. The ground-state
band in 160Gd has been extended to Iπ = 20+ and a rotational band based on the Kπ = 4+ state,
previously associated with a hexadecapole vibration, was observed up to 18+. The quasiparticle
configuration of the Kπ = 4+ band has been determined, and its unusual alignment behavior may
result from a possible quenching of static neutron pairing. In addition, the band based on the
[523]5/2 quasineutron orbital in 161Gd was extended from 11/2− to 33/2−, and also displays the
same unusual alignment behavior.

PACS numbers:

I. INTRODUCTION

Deep-inelastic collisions [1] are a well-known tool for
accessing the structure of neutron-rich nuclei up to
medium values of angular momentum (∼20 ~). A re-
cent theoretical study by Wang and Guo [2] suggested
that the 154Sm + 160Gd reaction could produce dozens
of neutron-rich nuclei in the rare-earth region, many of
which have no known states thus far. Therefore, by com-
bining the capability of the ATLAS facility at Argonne
National Laboratory to provide a 160Gd beam and the
spectroscopic power of the γ-ray array Gammasphere, we
studied this reaction, as well as the 160Gd +164Dy one,
in attempts to possibly produce neutron-rich, rare-earth
nuclei. However, for the experimental conditions under
which the measurements were carried out, the so-called
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“unsafe Coulomb excitation” process, pioneered by D.
Ward et al. [3], was dominating the cross section. As
a result, the opportunity presented itself to investigate
the structure of 160Gd as well as that of the one-neutron
transfer product 161Gd.

The excitation of the 160Gd beam revealed much new
information, in particular on a band structure based
upon the Kπ = 4+ state at 1071 keV, which has been
associated with a hexadecapole vibration [4, 5]. The
characteristics of this sequence were investigated through
an analysis of its B(M1)/B(E2) transition strength ra-
tios and alignment properties. Through this analysis,
together with detailed cranked shell-model calculations,
it is suggested that a strong reduction occurs in the
static neutron pairing field due to the proximity of the
N = 98 deformed shell gap [6] and the blocking of specific
quasineutron orbitals near this gap. Further support of
the suggested reduction in pairing can be observed in the
alignment behavior of the [523]5/2 band in the N = 97
isotones 161Gd and 163Dy [7].

II. EXPERIMENT

The excited states of 160,161Gd were populated via the
160Gd + 154Sm and 160Gd + 164Dy reactions, where an
energy of 1000 MeV was selected for the 160Gd beam
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FIG. 1: Level schemes for 160,161Gd. Tentative transitions and levels are denoted with dashed lines. The uncertainties in
energy are 0.2 keV for transitions depopulating low-energy states. However, these uncertainties become larger for transitions
that depopulate increasingly higher energy states (up to 1.5 keV for γ rays from the highest level) due to Doppler broadening.

provided by the ATLAS facility at Argonne National
Laboratory. The chosen energy is approximately 20-25%
above the Coulomb barrier. Both targets were ∼240-
250 mg/cm2 thick, which is sufficient to stop all of the
recoils. These targets were both enriched to >98% in
their respective isotope. A beam-pulsing condition, with
412 ns between pulses, was used in order to be sensitive
to possible isomer decays occurring within the beam-off
periods. However, only the in-beam periods were used
for the present work. The emitted γ rays were detected
with the Gammasphere spectrometer [8] that had 73 de-
tectors in operation at the time of these measurements.
The digital Gammasphere data acquisition was used to
record the multifold coincidence events, with a three-fold
trigger condition.

The in-beam data were sorted into separate coinci-
dence cubes (one with the 154Sm target, and the other
from the 164Dy one) for analysis with the Radware pack-
age [9]. Coulomb excitation of the 160Gd beam and
the target nuclei dominated the data sets; although,
many different species of nuclei were produced through
the nucleon-transfer process, including 161Gd. The level
schemes for 160,161Gd from this work are displayed in
Fig. 1.

III. LEVEL SCHEMES

Prior to this work, the most recent Coulomb excitation
study of 160Gd [10] observed the ground-state band up
to spin/parity 16+, the γ-vibrational band to (12+), and
the octupole band to (11−). Additional levels have been

observed via other reaction mechanisms, as summarized
in Ref. [11]. A recent β-decay study [12] of 160Eu that
feeds excited states in 160Gd identified the first four lev-
els in the band labeled as Kπ = 4+ in Fig. 1 (a). In
Ref. [12], the spin/parity of the lowest level of this band
was assigned as 4+ since it feeds the 2+, 4+, and 6+ states
of the ground-state band. In addition, a determination
of the internal conversion coefficient of the 103-keV γ
ray suggests that this transition has M1 character, thus,
confirming the second level in the band has 5+ spin and
parity.

Much less was previously known about 161Gd. The
identification of the first four levels associated with the
band displayed in Fig. 1(b), was first reported in Ref. [13]
based on a study of a (d, p) reaction. Approximately
two decades later, the lowest three states were confirmed
through the β-decay measurement of Ref. [14].

Although the ground-state band of 160Gd was ex-
tended to 20+ and the γ-vibrational sequence to 14+, the
present study will focus solely on theKπ = 4+ band. The
spectrum of Fig. 2 displays how this band was observed
to much higher spin than what had been previously pub-
lished. A sum of triple coincidence gates of the 303-,
377-, 448-, and 516-keV transitions with the 822-keV γ
ray, along with a similar sum of triple gates between 340-,
413-, 483-, and 549-keV lines with the 925-keV transition
from the data set with the 154Sm target, produced the
spectrum in Fig. 2. Note that, since both the target and
the beam were Coulomb excited at the same time, many
of the γ rays from the ground-state band in 154Sm are
observed in the spectrum as well and these are denoted
by (Sm) in Fig. 2. Doppler broadening occurs for the
highest-energy transitions as a result of the recoils slow-
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FIG. 2: Coincidence spectrum of the Kπ = 4+ band in 160Gd
resulting from a sum of gates (as specified in the text) in the
data using a 154Sm target. The transitions in red are asso-
ciated with the band, while those denoted with (Sm) result
from the simultaneous excitation of the 154Sm target. Spectra
in the two insets result from selected triple coincidence gates
of in-band transitions with the 580-keV line for the even-spin
sequence (top inset) and with the 549-keV transition for the
odd-spin sequence (bottom inset) in order to display the high-
est transitions observed in this work.

ing down in the thick target. As previously mentioned,
the quantum numbers of the two lowest states were deter-
mined in Ref. [12], and the spins and parities of the new
levels were assigned assuming a normal rotational behav-
ior. Therefore, this structure has now been observed up
to a spin and parity of 18+.

Spectra for the structure in 161Gd from both the 154Sm
and 164Dy data are presented in Fig. 3 to provide evi-
dence that this sequence is, indeed, associated with this
N = 97 nucleus. In Fig. 3(a), γ rays from the 154Sm data
set are the result of summing the triple coincidence gates
of the 243-keV transition with the 461-keV one, and the
204-keV line with the 428-keV γ ray. The structure seen
in Fig. 1(b) can be easily observed in this spectrum and
these γ rays are in coincidence with the 164-keV tran-
sition previously assigned to 161Gd [14]. Perhaps more
importantly for the assignment of this sequence to 161Gd
are the coincident transitions observed in Fig. 3(a) which
are associated with 153Sm [15, 16]. In order to produce
161Gd, a neutron from the 154Sm target must be trans-
ferred to the beam, leaving 153Sm as the reaction part-
ner product with 161Gd. There is also evidence of 152Sm
transitions resulting from reactions where one neutron
was transferred to the beam, and a second one was re-
leased from the compound system, likely as a result of
evaporation. In view of the target thicknesses involved
in these measurements, Coulomb excitation of 154Sm and
160Gd dominate the reaction cross sections and this pro-
cess generates a number of random coincidence events
sufficient to represent a sizable background in most spec-
tra under analysis.

A complementary spectrum from the 164Dy data is
given in Fig. 3(b), produced under the same coincidence
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FIG. 3: Spectra displaying the sequence assigned to 161Gd. In
panel (a), transitions from the 154Sm data are shown resulting
from the summed coincidence gates specified in the text. In
panel (b), a spectrum using the same coincidence conditions
as those for panel (a), but from the 164Dy data is displayed.

conditions as those used in Fig. 3(a). The same 161Gd
transitions are observed; however, γ rays from 163Dy [7]
are now found to be in coincidence with this sequence.
This is evidence that the same one-neutron transfer oc-
curred with both targets. With the same reaction mecha-
nism observed in two separate experiments leading to the
same γ-ray sequence, the structure shown in Fig. 1(b) can
be confidently assigned to 161Gd. The spins of the states
are based on previous assignments to the four lowest lev-
els [13], and a rotational behavior was assumed for the
assignments to higher-lying levels.

IV. DISCUSSION

The quasiparticle configuration for the band in 161Gd
will be addressed first as its assignment is necessary be-
fore a discussion of the Kπ = 4+ sequence in 160Gd.
The ground-state spin and parity of 161Gd was previously
assigned as 5/2− and was associated with the [523]5/2
quasineutron orbital due to its allowed β decay into
the 417-keV level of 161Tb which is based on an h11/2

quasiproton [17]. In the N = 97 isotone, 163Dy, Minehara
et al. [18] were able to assign the [523]5/2 configuration
to the ground-state structure via a comparison of exper-
imental B(M1)/B(E2) strength ratios with theoretical
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FIG. 4: Energy levels of bands based on the [523]5/2
quasineutron orbital in the N = 97 isotones 159Sm, 161Gd,
and 163Dy.

calculations.
A comparison of the known [523]5/2 sequences in

159Sm [19, 20] and 163Dy with the structure in 161Gd
is given in Fig. 4. Note that the energy levels of all
three structures are nearly identical, which supports the
[523]5/2 assignment of the band in 161Gd. In addition,
the nearly identical sequences suggest that all three nu-
clei have similar deformation.

Additional evidence for the [523]5/2 assignment can
be ascertained from the B(M1)/B(E2) ratios that were
calculated using the measured branching ratios (λ) and
the equation:

B(M1 : I → I − 1)

B(E2 : I → I − 2)
= 0.697

1

λ(1 + δ2)

E5
γ(E2)

E3
γ(M1)

where the unit for the γ-ray energies are in MeV. The
mixing ratios, δ, of many ∆I = 1 transitions were mea-
sured for the [523]5/2 band in 163Dy [18] and found
to be δ ≈ 2. It was assumed that similar mixing ra-
tios are likely in the 161Gd sequence, and therefore this
value of δ was used in the calculation of the experimen-
tal B(M1)/B(E2) ratios, which are displayed in Table I.
Note that these ratios are quite small, on the order of
10−3 (µN/eb)

2; however, they are consistent with the
values reported for the [523]5/2 sequence in 163Dy.

Theoretical B(M1)/B(E2) ratios for the 161Gd band
were calculated based on the geometrical approximation
for B(M1) strengths [21] and the rotational form for the
B(E2) reduced transition probabilities [22]. Parameters
used in the calculation of the theoretical B(M1)/B(E2)
ratios are listed in Table II. They were used together with
the values gR = 0.7 Z/A = 0.28 and Q0 = 7.3 eb, where
the latter is based on the measured quadrupole moment
for 160Gd [23]. The gΩ values were determined through
a Woods-Saxon calculation using a quadrupole deforma-
tion parameter of β2 = 0.33 (all other deformation pa-

TABLE I: Branching ratios (λ) and B(M1)/B(E2) ratios for
states in the 161Gd sequence

I (~) λ B(M1)/B(E2) (µN/eb)
2

9/2 3.4(2) 6.3(4)×10−3

11/2 4.8(2) 7.3(3)×10−3

13/2 7.2(7) 7.3(7)×10−3

15/2 12(2) 6.0(9)×10−3

17/2 17(2) 5.8(7)×10−3

TABLE II: Parameters used in calculating the theoretical
B(M1)/B(E2) values shown in Fig. 5.

Quasiparticle gΩ ix (~)

νh9/2[523]5/2 0.29 0.5

νf7/2[521]3/2 -0.51 0.2

πg7/2[413]5/2 0.51 0.2

πd5/2[411]3/2 1.86 0.5

rameters were set to zero). Due to the fact that the gΩ

value for the [523]5/2 configuration is nearly equal to gR,
the theoretical B(M1) rate is quite small as it depends
on the quantity gΩ − gR. Indeed, as seen in Table II,
no other configuration will lead to such a small value.
Combining this with the large B(E2) rate, theoretical
B(M1)/B(E2) ratios on the order of 10−4 (µN/eb)

2 were
calculated. Even though these ratios are an order of mag-
nitude smaller than the experimental ones, none of the
other quasineutron configurations near the Fermi surface
could produce such small ratios as those observed for this
structure in 161Gd. Therefore, this provides further evi-
dence of the sequence is best interpreted as being based
on the [523]5/2 quasineutron. It should be noted that
the theoretical calculations in Ref. [18] were able to bet-
ter reproduce the experimental values.

As previously stated, the ground-state and γ-
vibrational bands in 160Gd are known, and the present
work has extended these sequences to slightly higher en-
ergies and spins without providing new insight into their
nature. However, the Kπ = 4+ band of Fig. 1(a) was sig-
nificantly extended in this experiment and merits further
discussion. This structure has been assigned as a band
based on a hexadecapole vibration by both Burke [4]
and Soloviev et al. [5]. In addition, the latter suggested
that the quasiparticle configuration of the 4+ bandhead
is an approximately equal mixing of two Kπ = 4+ states:
π2([413]5/2, [411]3/2) and ν2([523]5/2, [521]3/2). Inter-
estingly, evidence for the two-quasiproton state was re-
cently found at 1483 keV in Ref. [6], where it likely un-
dergoes two-state mixing with the level that is the band-
head of this Kπ = 4+ band at 1071 keV. The quasipar-
ticle nature of the sequence can be determined via the
B(M1)/B(E2) ratios and the experimental values are
presented in Fig. 5 as circles, where the mixing ratios
were assumed to be zero. Note that an accurate value
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of the error bars are within the data points.

for the I = 7 level could not be determined due to the
overlap in energy of the E2 transition and the 266-keV
γ ray from the ground-state band. The theoretical ratios
were calculated in the same manner as discussed above
for 161Gd using the parameters in Table II. The values
for the two-quasiproton and two-quasineutron configu-
rations are displayed in Fig. 5 as dashed and solid lines,
respectively. The experimental ratios are clearly in agree-
ment with the ν2([523]5/2, [521]3/2) configuration, and,
therefore, the latter can be confidently assigned to this
band. Note that these ratios suggest that this band has
little mixing with the two-quasiproton configuration, an
observation that can be contrasted with that suggested
in Ref. [5]. However, it should be noted that Ref. [5]
only considered the band head, while the B(M1)/B(E2)
ratios presented here address the degree of mixing along
the rotational sequence built on the latter state.

Figure 6 provides the alignments for the three 160Gd
bands populated in this experiment, as well as for the
[523]5/2 quasineutron band in 161Gd. Harris parame-
ters [24] of J0 = 40 ~2/MeV and J1 = 55 ~4/MeV3 were
used to subtract the angular momentum of the rotating
core. The ground-state band and the even-spin signature
of the γ-vibrational band both display the usual behavior
where, at higher rotational frequencies, an upbend is ob-
served due to the alignment of two i13/2 quasineutrons.
The frequency at which this occurs appears to be higher
than that observed in the lighter even-even Gd isotopes.
This is at least partially due to higher deformation in
160Gd. However, the Kπ = 4+ sequence exhibits a re-
markably constant gain of alignment as the rotational
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γ-vibrational band reported in Ref. [11] are included in this
plot.

frequency increases with no indication of an upbend over
the full frequency range covered by the data. As this
band was associated with the ν2([523]5/2, [521]3/2) con-
figuration, it would be expected to also display an upbend
from the unblocked i13/2 alignment at the same frequency
as in the ground-state band. Remarkably, the [523]5/2
band in 161Gd, which is also plotted in Fig. 6, displays a
similar constant gain in alignment, as does the [523]5/2
band in 163Dy (see Fig. 7 in Ref. [7]). In fact, it should
be noted that in Fig. 7 of Ref. [7] there is a significant
difference in the behavior of the alignments as a function
of rotational frequency for the [523]5/2 bands in 161Dy
and 163Dy: while the i13/2 alignment is clearly present in
the former, it is absent in the latter.

This unusual behavior of a constant increase in align-
ment was also seen in rotational bands of 172,173Yb [25]
where the authors presented theoretical arguments that
the lack of an observed crossing was likely the result of the
static neutron pairing energy being essentially quenched.
It is plausible that a similar argument can be made for
the bands in 160,161Gd considered here.

In order to substantiate the possibility of a severe re-
duction of static neutron pairing, tilted-axis cranking
(TAC) calculations [26] were performed for N ≈ 98 Gd,
Dy, and Er nuclei. The quadrupole deformation was fixed
to a value of β2 = 0.35 and the chemical potentials were
adjusted to Z = 64 and N = 96. The proton pairing
energy was set to ∆p = 0.8 MeV and, in each of the cal-
culations, the protons were in their ground-state (fully
paired) configuration, while the quasineutron configura-
tion dependence on pairing was investigated.

Figure 7 compares the experimental aligned angular
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FIG. 7: The experimental aligned angular momentum (align-
ment) of the Kπ = 4+ band in 160

64 Gd (squares) versus rota-
tional frequency compared with the TAC calculations assum-
ing zero neutron pairing (P0) and a static pairing value of
∆n = 0.8 MeV (P8).

momentum of the Kπ = 4+ band in 160
64 Gd (without sub-

traction of the angular momentum associated with the
core rotation) with the results of a TAC calculation in
the absence of neutron pairing (denoted as P0). The
smooth increase of the alignment with the rotational fre-
quency is reproduced well with the ∆ = 0 MeV calcula-
tion in comparison with one using a static pairing energy
of 0.8 MeV, which is denoted as P8 in Fig. 7. This is an
observation indicating that this structure is best repre-
sented with nearly zero static neutron pairing. The cal-
culated moment of inertia at low ω of J = 55 ~2/MeV is
somewhat larger than the experimental value of J = 50
~2/MeV. There are several possible reasons for this minor
discrepancy such as a small difference in deformation or,
possibly, a contribution from residual pair fluctuations.
However, a study of both of these effects is beyond the
scope of this paper. In order to illustrate the impact of
static neutron pairing most clearly, experimental and cal-
culated alignments of other rotational sequences in 160Gd
and neighboring nuclei are displayed hereafter relative to
the respective alignments of the known Kπ = 4+ bands
in 160Gd and 162Dy, i.e., with a reference chosen such
that the alignments of the Kπ = 4+ bands are zero, as
would be expected for a rotational band with nearly zero
static pairing.

Figures 8 - 11 display the experimental and cal-
culated alignments (Ix − Ix(K4)) of the Kπ =
4+ (ν([523]5/2, [521]3/2)), [523]5/2, ground-state, and
[642]5/2 configurations, respectively. In each case, the
angular momentum associated with the Kπ = 4+ config-
uration [Ix(K4)] was subtracted as a reference through
the use of Harris parameters [24]. For the theoretical
calculations, a reference associated with the zero-pairing

FIG. 8: The aligned angular momentum (alignment) of the
Kπ = 4+ bands in 160

64 Gd and 162
66 Dy [31], where a reference

with the Harris parameters defined in the text was subtracted.
The lines indicate the tilted-axis cranking calculations that
are described in the text. The legend defines the Z of the
data points, while the various colors refer to different pairing
values as indicated in the legend, where P0, P2, P4, P6, and
P8 refer to pairing energies of ∆n = 0, 0.2, 0.4, 0.6, 0.8 MeV,
respectively.

cranking results from the Kπ = 4+ configuration was
subtracted from the calculated angular momentum of the
configurations given in each figure. In order to under-
stand the effect of the neutron pairing field on the align-
ment, each figure displays the theoretical results when
pairing fields of ∆n = 0, 0.2, 0.4, 0.6, 0.8 MeV were
adopted.

In Figs. 8, 9, and 10, the alignment values decrease
relative to the unpaired reference as the pairing strength
is increased which is due to the reduction in the moment
of inertia with increasing pairing. The increase seen near
ω = 0.25 MeV is a consequence of the gradual align-
ment of the energetically lowest i13/2 quasineutron pair,
which is often referred to as the AB crossing. The pres-
ence of this crossing in rotational bands is evidence of
the presence of a static pairing field [27]. However, as
the strength of this pairing field is reduced in the calcu-
lations, this AB crossing is predicted to occur at a suc-
cessively lower frequency, and the curves tend to flatten
in the lower frequency region, below the crossing. In fact,
when ∆n = 0 MeV, the alignment curve is nearly flat and
no crossing is observed. As discussed in Refs. [28, 29],
substantial dynamic pairing correlations are present in
addition to static pairing, and these do not modify the
rotational response in a qualitative way. Hence, the “zero
pairing regime” does not imply that no pairing exists,
but only that the mean static pairing field is zero with
fluctuations about this value.

The experimental values of the Kπ = 4+ configuration
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FIG. 9: Aligned angular momentum of the [523]5/2 band in
161Gd, 163Dy [7], 165Er [32], where the same Harris reference
as the Kπ = 4+ band was subtracted. TAC calculations
using different pairing energies (as indicated in the legend in
the same manner as Fig. 8) are also displayed. Full (dashed)
lines are associated with the α = +1/2 (−1/2) signature.

FIG. 10: Experimental and calculated alignments of the
ground bands from 160Gd, 162Dy [31], and 164Er [33], which
were calculated and displayed in the same manner as in Fig. 8.

in 160Gd (Fig. 8) are clearly best represented with ∆n = 0
MeV. In addition, the [523]5/2 band in 161Gd (Fig. 9) is
also best described in the zero pairing regime, whereas
the same configuration in 163Dy and 165Er appears to
have a reduced field of ∆n ≈ 0.2 − 0.4 MeV in the low-
frequency region. The ∆n ≈ 0.4 MeV pairing calculation
also appears to best reproduce the ground-state band
in 160Gd (see Fig. 10), although a larger value of the
pairing field better describes the ground-state bands in
162Dy and 164Er.

FIG. 11: Experimental and calculated alignments of the
ı13/2[642]5/2 bands from 159Gd [34], 163Dy [7], and 165Er [32],
which were calculated and displayed in the same manner as
in Fig. 9.

The alignment values for the νi13/2 bands from 159Gd,
163Dy, and 165Er are given in Fig. 11. For these se-
quences, the AB crossing is Pauli blocked and, therefore,
the first possible crossing involves an energetically higher
pair of i13/2 quasineutrons (referred to as the BC cross-
ing [27]) and occurs at a higher frequency. One may no-
tice in Fig. 11 that the two signatures of the experimental
alignments behave differently with the increase in ω. The
α = +1/2 sequence (solid lines) remains rather flat, while
the α = −1/2 signature decreases as ω increases. This
difference between the signatures is observed in the TAC
calculations as well; however, unlike the Kπ = 4+ and
[523]5/2 configurations of 160Gd and 161Gd, respectively,
the ∆n = 0 MeV calculations do not reproduce the ex-
perimental data. Instead, the calculations with ∆n = 0.6
or 0.8 MeV appear to best describe the experimental re-
sults. This suggests that configuration-dependent pairing
may be present in the nuclei of this region.

The origin of this configuration-dependent pairing may
be related to the fact that the negative-parity neutron or-
bitals ([523]5/2 and [521]3/2) retain more of their “block-
ing power” in comparison to the [642]5/2 one. As dis-
cussed in Refs. [28, 30], this power depends on the over-
lap of the wave functions associated with the two signa-
tures (α = +1/2 and −1/2) of a given orbital. These
signatures are degenerate when the rotational frequency
is zero, and the monopole pairing strength is assigned a
value of 1. Once rotation occurs, this monopole pairing
can weaken and is dependent on whether the signatures
behave similarly, such that their alignment and energy
values do not vary based on α (no signature splitting),
or whether they respond differently to the Coriolis force
and thus, signature-dependent alignment and energy val-



8

92 94 96 98 100 102 104

400

600

800

1000

1200

Neutron Number

Δ
n 

(k
eV

)

Er
Dy
Gd
Sm

FIG. 12: Neutron pairing strength calculated from ∆n =
± 1

4
[2S(N) − S(N − 1) − S(N + 1)], where S(N) is the neu-

tron separation energy. Separation energies were taken from
Ref. [35].

ues are observed (signature splitting). In the former case,
the blocking power is retained, and, thus if the orbital
is occupied by a single quasineutron the impact on the
static pairing field is significant. In contrast, in the latter
case, the blocking power for the orbital is reduced and,
therefore, occupation has less of an effect on the overall
pairing field, as seen with the [642]5/2 orbital.

It is suggested that the presence of the N =
98 deformed neutron shell gap might enhance this
configuration-dependent pairing effect. As seen in Fig.
5-3 of Ref. [22] the [523]5/2 and [521]3/2 orbitals lie just
below the N = 98 gap. This gap was discussed in Ref. [6],
and evidence for it can be observed in Fig. 12 that plots
the neutron pairing energy as measured from mass differ-
ences. Note that for Sm, Gd, and Dy the pairing energy
is low at N = 98 as a result of a lower density of neutron
orbitals available for quasineutron pairs to scatter into.
Therefore, when the two orbitals are blocked due to the
Kπ = 4+ configuration, the size of the N = 98 gap ef-
fectively increases. This leads to an even lower density
of states for quasineutron pairs to scatter into, thus en-
hancing the effect and importance of each quasineutron
orbital near the Fermi surface.

Finally, it is worth mentioning that the assignment of
the Kπ = 4+ state to a hexadecapole vibrational excita-

tion may have to be revisited in view of the discussion
above. In the past, it was assumed that the excitation
energy of this level (1071 keV) was too low for it to be
associated with a two-quasiparticle state as this energy
would usually be viewed as too small to break a pair
of quasiparticles. However, with nearly vanishing static
neutron pairing, this argument becomes less convincing
and a low-lying, two-quasineutron configuration may be
possible.

V. SUMMARY

The level schemes of 160,161Gd were extended follow-
ing an analysis of data resulting from reactions of a
160Gd beam on targets of 154Sm and 164Dy. A band
based on the Kπ = 4+ state at 1071 keV in 160Gd
was observed up to spin 18 and its configuration of
ν2([523]5/2, [521]3/2) was determined through a compar-
ison of its B(M1)/B(E2) ratios with theoretical calcula-
tions. Surprisingly, this band shows no indication of an
i13/2 crossing up to its highest observed frequency, and
displays an unusually constant alignment gain over the
entire range. The [523]5/2 band in 161Gd behaves in a
similar manner. The behavior of these two bands may be
associated with a significant reduction in static neutron
pairing. This reduction is likely the result of the prox-
imity of these nuclei to the N = 98 deformed gap and of
the effect of configuration-dependent pairing.
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