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Abstract

Nuclear masses play a crucial role in both nuclear physics and astrophysics,
driving sustained efforts toward their precise experimental determination and
reliable theoretical prediction. In this work, we compile the newly measured
masses for 296 nuclides from 40 references published between 2021 and 2024,
subsequent to the release of the latest Atomic Mass Evaluation. These data are
used to benchmark the performance of several relativistic and non-relativistic
density functionals, including PC-PK1, TMA, SLy4, SV-min, UNEDF1, and
the recently proposed PC-L3R. Results for PC-PK1 and PC-L3R are obtained
using the state-of-the-art deformed relativistic Hartree-Bogoliubov theory in
continuum (DRHBc¢), while the others are adopted from existing literature. It
is found that the DRHBc calculations with PC-PK1 and PC-L3R achieve an
accuracy better than 1.5 MeV, outperforming the other functionals, which all
exhibit root-mean-square deviations exceeding 2 MeV.The odd-even effects and
isospin dependence in these theoretical descriptions are examined. The PC-
PK1 and PC-L3R descriptions are qualitatively similar, both exhibiting robust
isospin dependence along isotopic chains. Finally, a quantitative comparison
between the PC-PK1 and PC-L3R results is presented, with their largest dis-
crepancies analyzed in terms of potential energy curves from the constrained
DRHBc calculations.
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Nuclear masses play a crucial role in both nuclear physics and astrophysics,
driving sustained efforts toward their precise experimental determination and
reliable theoretical prediction. In this work, we compile newly measured masses
for 296 nuclides from 40 references published between 2021 and 2024, subse-
quent to the release of the latest Atomic Mass Evaluation. These data are used
to benchmark the performance of several relativistic and non-relativistic den-
sity functionals, including PC-PK1, TMA, SLy4, SV-min, UNEDF1, and the
recently proposed PC-L3R. Results for PC-PK1 and PC-L3R are obtained using
the state-of-the-art deformed relativistic Hartree-Bogoliubov theory in contin-
uum (DRHBc), while the others are adopted from existing literature. It is found
that DRHBc calculations with PC-PK1 and PC-L3R achieve an accuracy better
than 1.5 MeV, outperforming the other functionals, which all exhibit root-mean-
square deviations exceeding 2 MeV.

The odd-even effects and isospin dependence in these theoretical descriptions
are examined. The PC-PK1 and PC-L3R descriptions are qualitatively similar,
both exhibiting robust isospin dependence along isotopic chains. Finally, a
quantitative comparison between the PC-PK1 and PC-L3R results is presented,
with their largest discrepancies analyzed in terms of potential energy curves
from constrained DRHBc calculations.

Keywords: Nuclear mass, density functional theory, deformed relativistic
Hartree-Bogoliubov theory in continuum, PC-PK1, PC-L3R

Introduction

Nuclear mass or binding energy reflects the complex nuclear forces binding pro-
tons and neutrons together within a nucleus [?]. This fundamental quantity
not only underlies nuclear stability [?] but also critically influences astrophys-
ical phenomena—from the nuclear reactions in stellar interiors [?] to the nu-
cleosynthesis processes responsible for elemental production in the universe [?].
Consequently, precise determinations of nuclear masses are indispensable for
advancing our understanding of nuclear structure [?] and have significant impli-
cations for nuclear astrophysics [?, ?, ?]. Improved experimental precision and
theoretical accuracy in nuclear mass evaluations thus not only deepen insights
into fundamental research in nuclear physics [?, ?] but also foster progress in
nuclear energy applications via both fusion and fission.

Global investments in rare isotope beam facilities—including the Heavy Ion
Research Facility in Lanzhou (HIRFL) [?] and the High Intensity heavy-ion Ac-
celerator Facility (HIAF) at Huizhou [?] in China, the Facility for Rare Isotope
Beams (FRIB) in the USA [?], the Radioactive Isotope Beam Factory (RIBF)
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at RIKEN, Japan [?], the Facility for Antiproton and Ion Research (FAIR) in
Germany [?], the Rare isotope Accelerator complex for ON-line experiments
(RAON) in Korea [?], and the Isotope Separator and Accelerator in Canada
(ISAC) [?]—have substantially advanced the production, identification, and in-
vestigation of nuclides far from the valley of stability. To date, experimental
efforts have led to the identification of over 3300 nuclides [?], with mass mea-
surements available for approximately 2500 of these [?, ?, 7, ?]. In contrast,
theoretical models predict the existence of approximately 7000-10000 nuclides
[?, ?]. Given that the proton dripline has been established for isotopes with
proton numbers Z = 90 [?], while the neutron dripline has been delineated only
up to Z = 10 [?], it is anticipated that most unknown neutron-rich nuclei will
remain experimentally inaccessible in the foreseeable future. Therefore, there is
an urgent need for reliable theoretical predictions of nuclear masses.

Extensive efforts have been devoted to both reproducing measured nuclear
masses and predicting those yet uncharted. Macroscopic-microscopic ap-
proaches exemplified by the finite-range droplet model (FRDM) [?] and the
Weizsicker-Skyrme (WS) model [?, ?] have achieved impressive accuracy in
describing existing mass data; however, microscopic theories are widely ac-
cepted as offering superior predictive capabilities [?, ?]. In this context, density
functional theory has emerged as a powerful framework for a unified description
of nearly all nuclides across the nuclear chart [?, 7, 2,27, 2,2, 2 7 7?]. Its
relativistic extension—the covariant density functional theory (CDFT) [?]—has
proven exceptionally successful in describing a variety of nuclear phenomena
in both ground and excited states [?, ?, 7, 2, 7, 2, 7, 7, 7, ?]. This success
is largely attributable to the inherent advantages of CDFT, including the
automatic incorporation of spin-orbit coupling [?, 7], the natural explanation
of pseudospin symmetry in the nucleon spectrum [?, ?, ?] and spin symmetry
in the antinucleon spectrum [?, ?, ?], as well as its self-consistent treatment of
nuclear magnetism [?, ?].

Within the framework of CDFT, the pairing correlations and continuum effects
are taken into account self-consistently in the relativistic continuum Hartree-
Bogoliubov (RCHB) theory [?, ?], making it capable of describing both stable
and exotic nuclei [?,?,?,?,?, 7, ?]. A pioneering application of the RCHB the-
ory is the construction of the first relativistic nuclear mass table incorporating
continuum effects, in which the existence of 9035 bound nuclei with 8 < Z < 120
is predicted [?]. Notably, the inclusion of continuum effects is found essential in
extending the neutron dripline toward the more neutron-rich region. Nonethe-
less, the accuracy of the RCHB mass table in reproducing experimental data
is limited, due to the assumption of spherical symmetry within the theoretical
framework.

It is thus natural to propose an upgraded mass table that incorporates not only
the continuum effects but also nuclear deformation degrees of freedom. This
can be realized by employing the deformed extension of the RCHB theory, the
deformed relativistic Hartree-Bogoliubov theory in continuum (DRHBc¢) [?, ?,
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?, ?]. The axial deformation, pairing correlations, and continuum effects are
taken into account microscopically and self-consistently in the DRHBc theory,
which lays an important foundation for its great success [?, 7, 7].

In pursuit of a high-precision mass table [?], the point-coupling version of the
DRHBc theory has been developed [?, ?] to combine with the density functional
PC-PK1 [?], which is probably the most successful density functional for describ-
ing nuclear masses [?, 7, ?]. The DRHBc mass table project, now in progress
for over six years, has successfully completed the sectors for even-even [?] and
even-Z [?] nuclei. Impressively, the root-mean-square (RMS) deviation of the
DRHBc calculated masses from the latest Atomic Mass Evaluation (AME2020)
data is approximately 1.5 MeV, positioning it among the most accurate density-
functional descriptions for nuclear masses. Moreover, numerous relevant studies
on halo phenomena [?, ?, 2,7, 7,2, 7,7, 7, 7, 7], nuclear charge radii [?, ?, 7],
shape evolution [?, ?, 7, ?], shell structure [?, ?, 7, 7, 2, 7, ?], decay proper-
ties [?, 7, 7, ?], and other topics [?, ?, ?, 7, ?, ?] based on the DRHBc mass
table underscore its value as a resource that extends far beyond a mere data
repository [?].

In this work, inspired by the recent progress in nuclear mass measurements that
provide new data beyond AME2020 or reduce the uncertainties of existing data,
we further examine the predictive power of the DRHBc mass table using the new
mass data. On the theoretical side, a new point-coupling density functional, PC-
L3R, has recently been proposed, whose performance would be even better than
PC-PK1 in describing masses of spherical nuclei [?]. Our second motivation is
to test the accuracy of PC-L3R in describing masses of deformed nuclei when
combined with the DRHBc theory. This article is structured as follows. The
point-coupling DRHBc theory, the relativistic density functionals PC-PK1 and
PC-L3R, and the numerical details are introduced in Section II. The DRHBc
descriptions with PC-PK1 and PC-L3R for the new masses are presented and
compared with those from other density functionals in Section III. Finally, a
summary is given in Section IV.

I1. Theoretical Framework

The point-coupling density functional theory starts from the Lagrangian density,

£ = (in"8,— M )tp—ag () () —ay (Y 9) (¥, 1) —aqy (VT ) (V7,10) =B (1) >~ () *—aps (D7)

where M is the nucleon mass, e the charge unit, and A, and F),,, the four-vector
potential and field strength tensor of the electromagnetic field, respectively.
With the subscripts S, V, and T respectively standing for scalar, vector, and
isovector, nine coupling constants—ag, oy, ary, Bg, Vs, Vv Og, 0y, and dpy—
in the Lagrangian density of PC-PK1 and PC-L3R are listed in Table 1 . As the
isovector-scalar channels involving apg and g terms were found less helpful
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TABLE 1. Coupling constants of the relativistic density functionals PC-PK1

[?] and PC-L3R [?].
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to improve the description of nuclear ground-state properties [?], they are not

Coupling constant

PC-PK1

PC-L3R

ag (MeV—2)
Bs (MeV—2)
vs (MeV~®)
ay (MeV—2)
v (MeV—¥)
§g (MeV—4)
5y (MeV—)
apy (MeV—?)
oy (MeV™)

—3.96291 x 1074
8.65504 x 10~ 11
—3.80724 x 10717
—1.09108 x 10710
2.71991 x 10—+
—3.72107 x 10718
—4.26653 x 10710
—4.11112 x 10710
2.95018 x 107°

—3.99289 x 10~*
8.6653 x 1011
—3.83950 x 10717
—1.20749 x 10710
—3.64219 x 10718
—4.32619 x 10710
2.96688 x 10~°
—4.65682 x 10710
2.6904 x 104

Starting from the Lagrangian density (1), the Hamiltonian can be derived via the
quantization of the Dirac spinor field in the Bogoliubov quasi-particle space, and
the energy functional can be constructed as its expectation with respect to the
Bogoliubov ground state. The relativistic Hartree-Bogoliubov equation obtained
by performing the variation of the energy density functional with respect to the
generalized density matrix and neglecting the exchange terms reads

hp—A A (Uk>:E (Uk)
—A —hp+ 0 )\ P\ )

where h p is the Dirac Hamiltonian, A is the pairing field, A is the Fermi surface,
E,, is the quasiparticle energy, and U, and V}, are quasiparticle wave functions.
The Dirac Hamiltonian in coordinate space is

hp(r)=a-p+V(r)+ 8[M + S(r)],

with the scalar S(r) and vector V(r) potentials,

S(r) = agps + Bspt +VsP% + 65Apg + argTaprs + OrsAprs,

V(r) = aypy + 1oy + 6y Apy + €Ay + aryTspry + Sy Apry,

and the pairing energy
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The center-of-mass (c.m.) correction energy is calculated as

_
cm. — 2mA7

with A the mass number and P = Zil p; the total momentum in the c.m.

frame. The rotational correction energy for a deformed nucleus from the crank-
ing approximation reads

jz
Erot = _%7

where J = Z?:l ]Al is the total angular momentum and J is the moment of
inertia that can be estimated via the Inglis-Belyaev formula [?].

The RMS radius is calculated as

R, = (r)V/? = S r2py(r)]

" J & py(r)

where py, is the vector density, and N denotes the corresponding particle num-
ber. The quadrupole deformation parameter is calculated as

L)
62 - 3]\?7?7“%7

with Y5, being the spherical harmonic function.

The calculations in this work are performed using the same numerical details as
those in constructing the DRHBc mass table [?, ?, ?]. Specifically, the pairing
strength V, = —325 MeV fm?, the saturation density p,,, = 0.152 fm~3, and
the pairing window is taken as 100 MeV. The Dirac Woods-Saxon basis space is
determined by an energy cutoft of E_, = 300 MeV and an angular momentum
cutoff of J_,, = 23h. The Legendre expansion truncations in Eq. (8) are chosen
as [ .« = 6 and 8 for nuclei with 8 < Z <70 and 71 < Z < 100, respectively.
The blocking effects in odd-mass and odd-odd nuclei are included via the equal
filling approximation [?, 7, ?].
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ITI. Results and Discussion

We have collected the newly measured masses of 296 nuclides from 40 references
(2,2, 2,2, 2,2, 2, 2, 2, 2, 2, 2, 2,2, 2,2, 2, 2,0,2,2,2,2,2,7,0, 7,2,
?7,2,2,2,2,?2,7,7, 2,27, 2, 7], published between 2021 and 2024 (subsequent
to the release of AME2020), and summarized them in Table Al. The sources
and measurement methods of the new experimental data are tabulated in Table
A2. The corresponding mass values in AME2020, which contains both 241
experimentally measured values and 55 extrapolated empirical values (labeled
#), are listed in Table Al. It is important to note that newly measured masses
are not necessarily more accurate than previous evaluations. Systematic biases
or experimental uncertainties may affect the measured values, depending on the
specific setup and techniques employed.

Notably, for 23 nuclides, the central values of the newly reported masses devi-
ate from those in AME2020 by more than 200 keV. Among these 23 nuclides,
12 cases (?3Si, ™Ni, 80Ge, 89As, 91Se, OKr, 1048y, 105Gy 109Nb, 72T, 151La,
and 151Yb) show overlapping uncertainty ranges between the new measurements
and AME2020 values, indicating potential consistency within experimental un-
certainties. For 5 nuclides (*Fe, °Ga, 88 As, %®Se, and 89Zr), while the central
value discrepancies also exceed 200 keV and uncertainty ranges do not over-
lap, the AME2020 masses are extrapolated values. Although such empirical
estimates, based on trends in the mass surface and available experimental con-
straints, are often validated by subsequent measurements, deviations from true
mass values may arise, e.g., for nuclides exhibiting abrupt changes in shell struc-
ture. Finally, for 6 nuclides (?8S, ¢"Fe, "'Kr, >Sr, Ag, and '°*Pm), the
central values differ by more than 200 keV, the uncertainty ranges do not over-
lap, and both the new and AME2020 masses are based on experimental data.
These cases are compared in Fig. 2 [Figure 2: see original paper], alongside
the earlier measurements referenced in AME2020. The observed discrepancies
may arise from differences in measurement techniques. For 28S, its mass was
derived from an indirect measurement in 1982 [?], whereas the recent result
is from a direct measurement using Bp-defined isochronous mass spectrometry
(Bp-IMS) in 2024 [?]. For 5"Fe, AME2020 mainly adopted the ion trap data
from 2020 [?], which fall within the uncertainty range of contemporaneous Bp-
time-of-flight (Bp-TOF) measurements [?]. However, the 2022 result using a
multiple-reflection TOF mass spectrometer (MR-TOF-MS) [?] supports earlier
data from the TOF isochronous spectrometer from 2011 [?] rather than that
from 1994 [?]. For "'Kr, the AME2020 value is consistent with storage-ring
IMS data [?]. While the new Bp-IMS result from 2023 [?] shows deviations, it
remains largely within the uncertainty range of the results inferred from electron-
capture decay energy Q . measurements [?]. For "Sr and ®Ag, the AME2020
values are consistent with earlier estimates based on Qg [?, 7], but deviate
from recent measurements obtained via Bp-IMS [?] and ion trap techniques [?],
respectively. For 1%3Pm, AME2020 primarily adopts the ion trap data from 2012
[?]. Nonetheless, discrepancies are observed among the 2012 results, earlier esti-
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mates based on 8~ decay energy from 1993 [?], and the latest measurement from
MR-TOF-MS in 2024 [?]. Such discrepancies necessitate careful data evaluation
and/or even further measurements. In this study, we adopt for convenience the
newly measured masses in the following examination of theoretical descriptions.

The DRHBc calculations for the 296 nuclides have been performed with density
functionals PC-PK1 [?] and PC-L3R [?], and the deviations of the resulting
nuclear masses from the experimental data are plotted in Figs. 3(a) and 3(b)
[Figure 3: see original paper]. For comparison, we also exhibit the mass dif-
ferences between the new data and the results from relativistic mean-field plus
Bardeen-Cooper-Schrieffer (RMF+BCS) calculations with TMA [?] and the non-
relativistic Skyrme Hartree-Fock-Bogoliubov (HFB) calculations [?] with SLy4
[?], SV-min [?], and UNEDF1 [?], respectively, in Figs. 3(c)—(f). It can be
found that both the DRHBc calculations with PC-PK1 and PC-L3R reproduce
fairly well the data within a deviation of 3 MeV, despite a few exceptions. The
RMF+BCS calculations with TMA can achieve a similar level of accuracy for
nuclides with A < 150, but for heavier nuclides an overestimation up to 6 MeV
arises. In contrast, the Skyrme HFB calculations with SLy4 significantly under-
estimate the data in the heavy mass region, with deviations for several nuclides
exceeding 10 MeV. The results from Skyrme HFB calculations with SV-min also
exhibit certain underestimation in the heavy mass region. Though the Skyrme
HFB results with UNEDF1 improve the description for A = 170, they appar-
ently underestimate the masses of a few light and medium-mass nuclei and show
significant overestimation at A ~ 155. The comparisons in Fig. 3 demonstrate
that the descriptions from DRHBc with PC-PK1 and PC-L3R are qualitatively
superior.

To make a further comparison, we show in Fig. 4 [Figure 4: see original paper]
the RMS deviations between the 296 new mass data and the above theoretical
results. The RMS deviations for even-even, odd-mass, and odd-odd nuclei are
also computed and presented separately in Fig. 4. It can be found that both the
DRHBc descriptions with PC-PK1 and PC-L3R can achieve accuracies better
than 1.5 MeV for all data sets, with one exception being DRHBc+PC-L3R for
even-even nuclei. In contrast, the accuracies in the other four density-functional
descriptions are generally worse than 2 MeV. Overall, the odd-even effects in the
accuracy are not very significant in the DRHBc results, with even slightly better
description for odd-odd nuclei. This is, however, not the case for the RMF+BCS
description, which deteriorates obviously for odd-odd nuclei. Furthermore, the
DRHBc descriptions with PC-PK1 and PC-L3R for odd nuclei are expected
to be improved by strictly incorporating nuclear magnetism [?]. Instead of self-
consistent calculations, the Skyrme HFB results for odd nuclei are obtained from
interpolations using the masses and average pairing gaps of neighboring even-
even nuclei [?]. As expected, the Skyrme HFB descriptions with SV-min and
UNEDF1 show marginal odd-even differences. In contrast, it seems strange that
from even-even to odd-mass and then to odd-odd nuclei, the SLy4 description
gradually improves. It should also be noted that the number of mass data
here is not large enough to confirm whether the odd-even features observed
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in these theoretical results are common across the nuclear chart. Finally, the
accuracies in describing the 296 new masses—1.35, 2.04, 3.95, 2.37, and 2.21
MeV for PC-PK1, TMA, SLy4, SV-min, and UNEDF1, respectively—are found
to be generally consistent with those obtained for all available masses of even-Z
nuclei: 1.43 MeV for PC-PK1, 2.06 MeV for TMA, 5.28 MeV for SLy4, 3.39
MeV for SV-min, and 1.93 MeV for UNEDF1 [?]. Moreover, even within the
spherical RHB framework, PC-PK1 and PC-L3R are the only two relativistic
density functionals that reproduce experimental masses with RMS deviations
below 8 MeV [?, ?]. Given the superiority of PC-PK1 and PC-L3R, the complete
DRHBc mass table including both even-Z and odd-Z nuclei in the near future
is desirable, and further large-scale DRHBc+PC-L3R calculations are worth
pursuing.

One can see from Fig. 3 that the superiority of PC-PK1 and PC-L3R mainly
comes from the better description for nuclei with A > 150 compared to other
density functionals. Therefore, a detailed comparison for the description of the
isospin dependence of nuclear masses in this region would be illuminating. In
Fig. 5 [Figure 5: see original paper], the mass differences between theoretical
and experimental values are presented for even-Z nuclei with 70 < Z < 80. In
cases where masses of certain nuclei located in the middle of an isotopic chain
are absent from the dataset of new measurements, we resort to AME2020 for
completeness. It can be found in Fig. 5 that only the accuracy of the DRHBc
description in this region is always better than 2 MeV, while other density-
functional descriptions show systematic deviations from the data. Furthermore,
the DRHBc description along these isotopic chains is almost steady, with slight,
approximately linear isospin dependence, which is in contrast to many obvious
staggering behaviors by other descriptions. Another feature observed in Fig. 5
is that the nucleus with N = 82 and Z = 70 is basically described as overbound
compared to its neighboring isotopes. This is a well-known weakness of both
non-relativistic and relativistic density functional theories in describing magic
nuclei [?]. It can be concluded from the above discussions that the DRHBc
theory provides not only an overall high accuracy but also a robust description
of isospin dependence for nuclear masses, and the results from PC-PK1 and
PC-L3R are qualitatively similar.

To make a quantitative comparison, the differences between the DRHBc results
with PC-PK1 and PC-L3R for binding energies AE, = EEC-PKL _ pEC-LSR,
RMS matter radii AR,, = RECFPKL — RPC-L3R "and quadrupole deformations
ABy = BLOPRL _ gPC-L3R are shown in Fig. 6 [Figure 6: see original paper].
For the binding energies in Fig. 6(a), among these 296 nuclei, the AE of 232
nuclei lie within —1.0 < AEz < 1.0 MeV, while the AEg of 64 nuclei lie within
1.0 < AEg < 2.0 MeV. Most values of AEy are positive, indicating that PC-
PK1 generally describes these nuclei as more bound than PC-L3R. The RMS
matter radii shown in Fig. 6(b) reveal a clear trend of decreasing AR,,, with
increasing mass number A, with only a few exceptions. Notably, the majority
of AR, values are negative, consistent with the general expectation that more
strongly bound systems exhibit more compact density distributions. While for

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

most nuclei AR, values are confined within +0.008 fm, two outliers emerge:
one barely beyond —0.008 fm for '*2Pr and the other reaching —0.031 fm for
1M Mo. For the quadrupole deformation in Fig. 6(c), the AfB, in 291 nuclei are
within 0.01, and almost all other nuclei show slightly larger values within 0.02,
except for 83Zr and 1''Mo. The AB, for 8Zr is only —0.021, but that for '*Mo
reaches 0.193, which corresponds to the large |AR,,| shown in Fig. 6(b).

To understand the large deviations between the PC-PK1 and PC-L3R results
for 1Mo, in Fig. 7 [Figure 7: see original paper| the potential energy curves
(PECs) of 1''Mo in constrained DRHBc calculations with PC-PK1 and PC-L3R
are shown. For comparison, the corresponding results of its neighboring isotope
12Mo are also shown. The ground state is shown with the filled square (circle)
from the calculations with PC-PK1 (PC-L3R). As has been demonstrated in
Refs. [?, 7], for PC-PK1, the rotational correction plays an important role in
improving its mass description of deformed nuclei. Therefore, the ground state
after including the rotational correction energy F,.. is also presented with the
open symbol. Considering that the cranking approximation adopted to calculate
E... in Eq. (14) is not suitable for spherical and weakly deformed nuclei, we
only calculate E,,, when |85| > 0.05, and take it as zero when |8,| < 0.05. A
more proper treatment for the correction energies in nuclei with |5, < 0.05 can
be achieved by using the collective Hamiltonian method [?] in future work.

For 1Mo in Fig. 7(a), in both the PECs from the calculations with PC-PK1
and PC-L3R, there are three minima: one near-spherical minimum and two well-
deformed minima. In each curve, the difference between the oblate and near-
spherical minima is within 0.25 MeV, while the excitation energy of the prolate
minimum is about 2 MeV. The ground state from the PC-PK1 calculations is the
near-spherical minimum with 85 = —0.024, while the ground state from the PC-
L3R calculations is the oblate minimum with 8, = —0.216. This corresponds to
the large A, in Fig. 6(c). In addition, for the near-spherical ground state from
PC-PK1, the rotational correction energy is taken as zero. For the well-deformed
ground state from PC-L3R, the rotational correction energy is E,,, = —2.06
MeV, with which the result becomes more deeply bound than that from PC-
PK1. Finally, the binding energies from the PC-PK1 and PC-L3R calculations
are close, both well reproducing the experimental value for '''Mo.

For '2Mo, the shape of the PEC is similar to that of ''Mo, still exhibiting
three minima. However, here the ground states from both PC-PK1 and PC-
L3R are the spherical minima, while the excitation energies of the oblate and
prolate minima are about 0.5 and 3 MeV, respectively. In both results from
PC-PK1 and PC-L3R, the significant differences in deformations and the small
differences in total energies indicate shape coexistence in '**112Mo.

IV. Summary

In this work, the newly measured masses for 296 nuclides from 40 references pub-
lished between 2021 and 2024, subsequent to the release of the latest Atomic
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Mass Evaluation, are compiled. While most of the new data are consistent with
AME2020, for 73 nuclides the deviations exceed the uncertainties. The new
masses are calculated using the DRHBc theory with the PC-PK1 and PC-L3R
density functionals, and compared with results from RMF+BCS calculations
with TMA and Skyrme HFB calculations with SLy4, SV-min, and UNEDF1.
The DRHBc calculations with both PC-PK1 and PC-L3R reproduce fairly well
the data with an RMS deviation below 1.5 MeV, demonstrating a clear ad-
vantage over other models in mass predictions. Taking the even-Z nuclei with
70 < Z < 80 as examples, the DRHBc calculations provide not only an over-
all high accuracy but also a robust description of isospin dependence for nu-
clear masses. A quantitative comparison between PC-PK1 and PC-L3R results
for the 296 nuclides shows that their differences in binding energies are gen-
erally below 1.0 MeV, those in RMS matter radii within 0.008 fm, and those
in quadrupole deformations within 0.01. The largest discrepancies are found
in ''Mo, attributed to the competing oblate and near-spherical minima with
similar energies in the potential energy curve. The significant differences in de-
formation and the small differences in energies between the two minima indicate
possible shape coexistence in '1Mo and '?Mo.

These results strengthen confidence in the DRHBc predictions of nuclear masses.
Continued progress would benefit from additional experimental mass measure-
ments and the establishment of the complete DRHBc mass table with PC-PK1.
Moreover, large-scale DRHBc calculations with PC-L3R are also highly promis-
ing. To further improve the mass description, the inclusion of triaxial defor-
mation, the rigorous treatment of nuclear magnetism, and beyond-mean-field
extensions such as collective Hamiltonian approaches are being pursued within
the DRHBc framework.

References

[1] F. Wienholtz, D. Beck, K. Blaum, C. Borgmann, M. Breitenfeldt, R. B.
Cakirli, S. George, F. Herfurth, J. D. Holt, M. Kowalska, S. Kreim, D. Lun-
ney, V. Manea, J. Menéndez, D. Neidherr, M. Rosenbusch, L. Schweikhard, A.
Schwenk, J. Simonis, J. Stanja, R. N. Wolf, and K. Zuber. Masses of exotic
calcium isotopes pin down nuclear forces. Nature, 498(7454):346-349, 2013.

[2] E. M. Ramirez, D. Ackermann, K. Blaum, M. Block, C. Droese, Ch. E.
Diillmann, M. Dworschak, M. Eibach, S. Eliseev, E. Haettner, F. Herfurth, F.
P. Heflberger, S. Hofmann, J. Ketelaer, G. Marx, M. Mazzocco, D. Nesterenko,
Y. N. Novikov, W. R. Pla8, D. Rodriguez, C. Scheidenberger, L. Schweikhard,
P. G. Thirolf, and C. Weber. Direct mapping of nuclear shell effects in the
heaviest elements. Science, 337(6099):1207-1210, 2012.

[3] H. A. Bethe. Energy production in stars. Phys. Rev., 55:434-456, 1939.

[4] E. M. Burbidge, G. R. Burbidge, W. A. Fowler, and F. Hoyle. Synthesis of
the elements in stars. Rev. Mod. Phys., 29(4):547-650, 1957.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[5] D. Lunney, J. M. Pearson, and C. Thibault. Recent trends in the determi-
nation of nuclear masses. Rev. Mod. Phys., 75(3):1021-1082, 2003.

[6] A. Aprahamian, K. Langanke, and M. Wiescher. Nuclear structure aspects
in nuclear astrophysics. Prog. Part. Nucl. Phys., 54(2):535-613, 2005.

[7] H. Schatz. Nuclear masses in astrophysics. Int. J. Mass Spectrom., 349-
350:181-186, 2013.

[8] M. R. Mumpower, R. Surman, G. C. McLaughlin, and A. Aprahamian.
The impact of individual nuclear properties on r-process nucleosynthesis. Prog.
Part. Nucl. Phys., 86:86-126, 2016.

[9] Y. F. Gao, B. S. Cai, and C. X. Yuan. Investigation of S~ -decay half-life and
delayed neutron emission with uncertainty analysis. Nucl. Sci. Tech., 34(1):9,
2023.

[10] Y. Yang, H. X. Zhang, Y. B. Wu, S. Guo, X. Wang, C. B. Fu, Y. Sun, and
Y. G. Ma. Physics opportunities of the nuclear excitation by electron capture
process. Nucl. Sci. Tech., 36(8):146, 2025.

[11] Y. J. Yuan, D. Q. Gao, L. Z. Ma, L. J. Mao, R. S. Mao, J. Meng, Y. W.
Su, L. T. Sun, Y. Y. Wang, J. X. Wu, Z. Xu, J. C. Yang, W. Q. Yang, Q. G.
Yao, X. J. Yin, B. Zhang, W. Zhang, Z. Z. Zhou, H. W. Zhao, G. Q. Xiao, and
J. W. Xia. Present status of HIRFL complex in Lanzhou. J. Phys.: Conf. Ser.,
1401(1):012003, 2020.

[12] X. H. Zhou, J. C. Yang, and the HIAF project team. Status of the high-
intensity heavy-ion accelerator facility in China. AAPPS Bulletin, 32(1):35,
2022.

[13] D. Castelvecchi. Long-awaited accelerator ready to explore origins of ele-
ments. Nature, 605:201-203, 2022.

[14] H. Sakurai. Nuclear physics with RI Beam Factory. Front. Phys.,
13(6):132111, 2018.

[15] M. Durante, P. Indelicato, B. Jonson, V. Koch, K. Langanke, Ulf-G.
Meifiner, E. Nappi, T. Nilsson, Th Stéhlker, E. Widmann, and M. Wiescher.
All the fun of the FAIR: fundamental physics at the facility for antiproton and
ion research. Phys. Ser., 94(3):033001, 2019.

[16] B. Hong. Overview of the Rare isotope Accelerator complex for ON-line
experiments (RAON) project. J. Phys.: Conf. Ser., 2586(1):012143, 2023.

[17] G. C. Ball, L. Buchmann, B. Davids, R. Kanungo, C. Ruiz, and C. E.
Svensson. Physics with reaccelerated radioactive beams at TRIUMF-ISAC. J.
Phys. G, 38(2):024003, 2011.

[18] M. Thoennessen. The discovery of isotopes. Springer Cham, 2016.

[19] F. G. Kondev, M. Wang, W. J. Huang, S. Naimi, and G. Audi. The
NUBASE2020 evaluation of nuclear physics properties. Chin. Phys. C,

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

45(3):030001, 2021.

[20] W. J. Huang, M. Wang, F. G. Kondev, G. Audi, and S. Naimi. The AME
2020 atomic mass evaluation (I). Evaluation of input data, and adjustment
procedures. Chin. Phys. C, 45(3):030002, 2021.

[21] M. Wang, W. J. Huang, F. G. Kondev, G. Audi, and S. Naimi. The AME
2020 atomic mass evaluation (IT). Tables, graphs and references. Chin. Phys.
C, 45(3):030003, 2021.

[22] J. Y. Shi, W. J. Huang, M. Wang, X. L. Yan, D. Lunney, G. Audi, F. G.
Kondev, S. Naimi, and R. Chakma. Nucleus++: a new tool bridging AME and
NUBASE for advancing nuclear data analysis. Nucl. Sci. Tech., 35(10):186,
2024.

[23] J. Erler, N. Birge, M. Kortelainen, W. Nazarewicz, E. Olsen, A. M. Perhac,
and M. Stoitsov. The limits of the nuclear landscape. Nature, 486:509, 2012.

[24] X. W. Xia, Y. Lim, P. W. Zhao, H. Z. Liang, X. Y. Qu, Y. Chen, H. Liu,
L. F. Zhang, S. Q. Zhang, Y. Kim, and J. Meng. The limits of the nuclear
landscape explored by the relativistic continuum Hartree-Bogoliubov theory.
At. Data Nucl. Data Tables, 121-122:1-215, 2018.

[25] Z. Y. Zhang, Z. G. Gan, H. B. Yang, L. Ma, M. H. Huang, C. L. Yang,
M. M. Zhang, Y. L. Tian, Y. S. Wang, M. D. Sun, H. Y. Lu, W. Q. Zhang, H.
B. Zhou, X. Wang, C. G. Wu, L. M. Duan, W. X. Huang, Z. Liu, Z. Z. Ren,
S. G. Zhou, X. H. Zhou, H. S. Xu, Yu. S. Tsyganov, A. A. Voinov, and A. N.
Polyakov. New isotope 22°Np: Probing the robustness of the N = 126 shell
closure in neptunium. Phys. Rev. Lett., 122:192503, 2019.

[26] D. S. Ahn, N. Fukuda, H. Geissel, N. Inabe, N. Iwasa, T. Kubo, K. Kusaka,
D. J. Morrissey, D. Murai, T. Nakamura, M. Ohtake, H. Otsu, H. Sato, B.
M. Sherrill, Y. Shimizu, H. Suzuki, H. Takeda, O. B. Tarasov, H. Ueno, Y.
Yanagisawa, and K. Yoshida. Location of the neutron dripline at fluorine and
neon. Phys. Rev. Lett., 123:212501, 2019.

[27] P. Moller, A. J. Sierk, T. Ichikawa, and H. Sagawa. Nuclear ground-state
masses and deformations: FRDM(2012). At. Data Nucl. Data Tables, 109-
110:1-204, 2016.

[28] N. Wang, M. Liu, X. Z. Wu, and J. Meng. Surface diffuseness correction in
global mass formula. Phys. Lett. B, 734:215-219, 2014.

[29] M. T. Wan, L. Ou, M. Liu, and N. Wang. Properties of the drip-line nucleus
and mass relation of mirror nuclei. Nucl. Sci. Tech., 36(2):26, 2025.

[30] K. Y. Zhang, X. T. He, J. Meng, C. Pan, C. W. Shen, C. Wang, and S.
Q. Zhang. Predictive power for superheavy nuclear mass and possible stability
beyond the neutron drip line in deformed relativistic Hartree-Bogoliubov theory
in continuum. Phys. Rev. C, 104(2):1021301, 2021.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[31] X. T. He, J. W. Wu, K. Y. Zhang, and C. W. Shen. Odd-even differences
in the stability peninsula in the 106 < Z < 112 region with the deformed
relativistic Hartree-Bogoliubov theory in continuum. Phys. Rev. C; 110:014301,
2024.

[32] D. Hirata, K. Sumiyoshi, I. Tanihata, Y. Sugahara, T. Tachibana, and H.
Toki. A systematic study of even-even nuclei up to the drip lines within the
relativistic mean field framework. Nucl. Phys. A, 616(1):438-445, 1997.

[33] G. A. Lalazissis, S. Raman, and P. Ring. Ground-state properties of even-
even nuclei in the relativistic mean-field theory. At. Data Nucl. Data Tables,
71(1):1-40, 1999.

[34] L. S. Geng, H. Toki, and J. Meng. Masses, deformations and charge
radii—nuclear ground-state properties in the relativistic mean field model. Prog.
Theor. Phys., 113(4):785-800, 2005.

[35] S. Goriely, N. Chamel, and J. M. Pearson. Skyrme-Hartree-Fock-
Bogoliubov nuclear mass formulas: Crossing the 0.6 MeV accuracy threshold
with microscopically deduced pairing. Phys. Rev. Lett., 102(15):152503, 2009.

[36] S. Goriely, S. Hilaire, M. Girod, and S. Péru. First Gogny-Hartree-Fock-
Bogoliubov nuclear mass model. Phys. Rev. Lett., 102(24):242501, 2009.

[37] A. V. Afanasjev, S. E. Agbemava, D. Ray, and P. Ring. Nuclear landscape
in covariant density functional theory. Phys. Lett. B, 726(4):680-684, 2013.

[38] S. E. Agbemava, A. V. Afanasjev, D. Ray, and P. Ring. Global performance
of covariant energy density functionals: Ground state observables of even-even
nuclei and the estimate of theoretical uncertainties. Phys. Rev. C, 89(5):054320,
2014.

[39] K. Q. Lu, Z. X. Li, Z. P. Li, J. M. Yao, and J. Meng. Global study of
beyond-mean-field correlation energies in covariant energy density functional
theory using a collective Hamiltonian method. Phys. Rev. C, 91:027304, 2015.

[40] Y. L. Yang, Y. K. Wang, P. W. Zhao, and Z. P. Li. Nuclear landscape in a
mapped collective Hamiltonian from covariant density functional theory. Phys.
Rev. C; 104(5):054312, 2021.

[41] J. Meng. Relativistic density functional for nuclear structure. World Scien-
tific, Singapore, 2016.

[42] P. Ring. Relativistic mean field theory in finite nuclei. Prog. Part. Nucl.
Phys., 37:193-263, 1996.

[43] D. Vretenar, A. V. Afanasjev, G. A. Lalazissis, and P. Ring. Relativis-
tic Hartree-Bogoliubov theory: Static and dynamic aspects of exotic nuclear
structure. Phys. Rep., 409(3):101-259, 2005.

[44] J. Meng, H. Toki, S. G. Zhou, S. Q. Zhang, W. H. Long, and L. S. Geng.
Relativistic continuum Hartree Bogoliubov theory for ground state properties

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

of exotic nuclei. Prog. Part. Nucl. Phys., 57:470-563, 2006.

[45] T. Niksié, D. Vretenar, and P. Ring. Relativistic nuclear energy density
functionals: Mean-field and beyond. Prog. Part. Nucl. Phys., 66(3):519-548,
2011.

[46] J. Meng, J. Peng, S. Q. Zhang, and P. W. Zhao. Progress on tilted axis
cranking covariant density functional theory for nuclear magnetic and antimag-
netic rotation. Front. Phys., 8:55-79, 2013.

[47] J. Meng and S. G. Zhou. Halos in medium-heavy and heavy nuclei with
covariant density functional theory in continuum. J. Phys. G, 42(9):093101,
2015.

[48] S. G. Zhou. Multidimensionally constrained covariant density func-
tional theories—mnuclear shapes and potential energy surfaces. Phys. Scr.,
91(6):063008, 2016.

[49] S. H. Shen, H. Z. Liang, W. H. Long, J. Meng, and P. Ring. Towards an
ab initio covariant density functional theory for nuclear structure. Prog. Part.
Nucl. Phys., 109:103713, 2019.

[50] J. Meng and P. W. Zhao. Relativistic density functional theory in nuclear
physics. AAPPS Bulletin, 31(1):2, 2021.

[61] H. Kucharek and P. Ring. Relativistic field theory of superfluidity in nuclei.
Z. Phys. A, 339(1):23-35, 1991.

[52] Z. X. Ren and P. W. Zhao. Toward a bridge between relativistic and non-
relativistic density functional theories for nuclei. Phys. Rev. C, 102(2):021301,
2020.

[63] Joseph N. Ginocchio. Pseudospin as a relativistic symmetry.  Phys.
Rev. Lett., 78(3):436-439, 1997.

[54] J. Meng, K. Sugawara-Tanabe, S. Yamaji, P. Ring, and A. Arima. Pseu-
dospin symmetry in relativistic mean field theory. Phys. Rev. C, 58(2):R628—
R631, 1998.

[65] H. Z. Liang, J. Meng, and S. G. Zhou. Hidden pseudospin and spin sym-
metries and their origins in atomic nuclei. Phys. Rep., 570:1-84, 2015.

[56] S. G. Zhou, J. Meng, and P. Ring. Spin symmetry in the antinucleon
spectrum. Phys. Rev. Lett., 91(26):262501, 2003.

[57] X. T. He, S. G. Zhou, J. Meng, E. G. Zhao, and W. Scheid. Test of spin
symmetry in anti-nucleon spectra. Fur. Phys. J. A, 28(3):265-269, 2006.

[68] W. Koepf and P. Ring. A relativistic description of rotating nuclei: the
yrast line of 2°Ne. Nucl. Phys. A, 493(1):61-82, 1989.

[59] W. Koepf and P. Ring. A relativistic theory of superdeformations in rapidly
rotating nuclei. Nucl. Phys. A, 511(2):279-300, 1990.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[60] J. Meng and P. Ring. Relativistic Hartree-Bogoliubov description of the
neutron halo in 'Li. Phys. Rev. Lett., 77(19):3963-3966, 1996.

[61] J. Meng. Relativistic continuum Hartree-Bogoliubov theory with both zero
range and finite range Gogny force and their application. Nucl. Phys. A,
635(1-2):3-42, 1998.

[62] J. Meng and P. Ring. Giant halo at the neutron drip line. Phys. Rev. Lett.,
80(3):460-463, 1998.

[63] S. Q. Zhang, J. Meng, S. G. Zhou, and J. Y. Zeng. Giant neutron halo in
exotic calcium nuclei. Chin. Phys. Lett., 19(3):312, 2002.

[64] J. Meng, S. G. Zhou, and I. Tanihata. The relativistic continuum Hartree-
Bogoliubov description of charge changing cross-section for C,N,O and F iso-
topes. Phys. Lett. B, 532:209-214, 2002.

[65] W. Zhang, J. Meng, S. Q. Zhang, L. S. Geng, and H. Toki. Magic num-
bers for superheavy nuclei in relativistic continuum Hartree-Bogoliubov theory.
Nucl. Phys. A, 753(1):106-135, 2005.

[66] Y. Lim, X. W. Xia, and Y. Kim. Proton radioactivity in relativistic contin-
uum Hartree-Bogoliubov theory. Phys. Rev. C, 93:014314, 2016.

[67] Y. Kuang, X. L. Tu, J. T. Zhang, K. Y. Zhang, and Z. P. Li. Systematic
study of elastic proton-nucleus scattering using relativistic impulse approxima-
tion based on covariant density functional theory. Fur. Phys. J. A, 59(7):160,
2023.

[68] S. G. Zhou, J. Meng, P. Ring, and E. G. Zhao. Neutron halo in deformed
nuclei. Phys. Rev. C, 82:011301, 2010.

[69] L. L. Li, J. Meng, P. Ring, E. G. Zhao, and S. G. Zhou. Deformed relativistic
Hartree-Bogoliubov theory in continuum. Phys. Rev. C, 85:024312, 2012.

[70] L. L. Li, J. Meng, P. Ring, E. G. Zhao, and S. G. Zhou. Odd systems
in deformed relativistic Hartree Bogoliubov theory in continuum. Chin. Phys.
Lett., 29:042101, 2012.

[71] Y. Chen, P. Ring, and J. Meng. Influence of pairing correlations on the
size of the nucleus in relativistic continuum Hartree-Bogoliubov theory. Phys.
Rev. C, 89:014312, 2014.

[72] X. X. Sun and S. G. Zhou. Shape decoupling effects and rotation of de-
formed halo nuclei. Nucl. Phys. Rev., 41(1):75-85, 2024.

[73] K. Y. Zhang, C. Pan, S. Y. Chen, Q. J. Luo, K. Y. Wu, and Y. F. Xiang.
Recent progress on halo nuclei in relativistic density functional theory. Nucl.
Phys. Rev., 41(1):191-199, 2024.

[74] K. Y. Zhang, C. Pan, S. Q. Zhang, and J. Meng. Towards a high-precision
nuclear mass table with deformed relativistic Hartree-Bogoliubov theory in con-
tinuum. Chin. Sei. Bull., 66(27):3561-3569, 2021.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[75] K. Y. Zhang, M.-K. Cheoun, Y.-B. Choi, P. S. Chong, J. M. Dong, L. S.
Geng, E. Ha, X. T. He, C. Heo, M. C. Ho, E. J. In, S. Kim, Y. Kim, C.-H.
Lee, J. Lee, Z. P. Li, T. P. Luo, J. Meng, M.-H. Mun, Z. M. Niu, C. Pan, P.
Papakonstantinou, X. L. Shang, C. W. Shen, G. F. Shen, W. Sun, X. X. Sun, C.
K. Tam, Thaivayongnou, C. Wang, S. H. Wong, X. W. Xia, Y. J. Yan, R. W.-Y.
Yeung, T. C. Yiu, S. Q. Zhang, W. Zhang, and S. G. Zhou (DRHBc Mass Table
Collaboration). Deformed relativistic Hartree-Bogoliubov theory in continuum
with a point-coupling functional: Examples of even-even Nd isotopes. Phys.
Rev. C, 102(2):024314, 2020.

[76] C. Pan, M.-K. Cheoun, Y.-B. Choi, J. M Dong, X. K. Du, X. H. Fan, W.
Gao, L. S. Geng, E. Ha, X. T. He, J. K. Huang, K. Huang, S. Kim, Y. Kim,
C.-H. Lee, J. Lee, Z. P. Li, Z. R. Liu, Y. M. Ma, J. Meng, M.-H. Mun, Z. M.
Niu, P. Papakonstantinou, X. L. Shang, C. W. Shen, G. F. Shen, W. Sun, X.
X. Sun, J. W. Wu, X. H. Wu, X. W. Xia, Y. J. Yan, T. C. Yiu, K. Y. Zhang,
S. Q. Zhang, W. Zhang, X. Y. Zhang, Q. Zhao, R. Y. Zheng, and S. G. Zhou
(DRHBc Mass Table Collaboration). Deformed relativistic Hartree-Bogoliubov
theory in continuum with a point-coupling functional. II. Examples of odd Nd
isotopes. Phys. Rev. C, 106(1):014316, 2022.

[77] P. W. Zhao, Z. P. Li, J. M. Yao, and J. Meng. New parametrization for the
nuclear covariant energy density functional with a point-coupling interaction.
Phys. Rev. C, 82:054319, 2010.

[78] P. W. Zhao, L. S. Song, B. Sun, H. Geissel, and J. Meng. Crucial test for
covariant density functional theory with new and accurate mass measurements
from Sn to Pa. Phys. Rev. C, 86:064324, 2012.

[79] K. Y. Zhang, M.-K. Cheoun, Y.-B. Choi, P. S. Chong, J. M. Dong, Z. H.
Dong, X. K. Du, L. S. Geng, E. Ha, X. T. He, C. Heo, M. C. Ho, E. J. In, S.
Kim, Y. Kim, C.-H. Lee, J. Lee, H. X. Li, Z. P. Li, T. P. Luo, J. Meng, M.-H.
Mun, Z. M. Niu, C. Pan, P. Papakonstantinou, X. L. Shang, C. W. Shen, G. F.
Shen, W. Sun, X. X. Sun, C. K. Tam, Thaivayongnou, C. Wang, X. Z. Wang,
S. H. Wong, J. W. Wu, X. H. Wu, X. W. Xia, Y. J. Yan, R. W.-Y. Yeung, T. C.
Yiu, S. Q. Zhang, W. Zhang, X. Y. Zhang, Q. Zhao, and S. G. Zhou (DRHBc
Mass Table Collaboration). Nuclear mass table in deformed relativistic Hartree—
Bogoliubov theory in continuum, I: Even—even nuclei. At. Data Nucl. Data
Tables, 144:101488, 2022.

[80] P. Guo, X. J. Cao, K. M. Chen, Z. H. Chen, M.-K. Cheoun, Y.-B. Choi,
P. C. Lam, W. M. Deng, J. M. Dong, P. X. Du, X. K. Du, K. D. Duan, X. H.
Fan, W. Gao, L. S. Geng, E. Ha, X. T. He, J. N. Hu, J. K. Huang, K. Huang,
Y. N. Huang, Z. D. Huang, K. D. Hyung, H. Y. Chan, X. F. Jiang, S. Kim,
Y. Kim, C.-H. Lee, J. Lee, J. Li, M. L. Li, Z. P. Li, Z. Z. Li, Z. J. Lian, H.
Z. Liang, L. Liu, X. Lu, Z. R. Liu, J. Meng, Z. Y. Meng, M.-H. Mun, Y. F.
Niu, Z. M. Niu, C. Pan, J. Peng, X. Y. Qu, P. Papakonstantinou, T. S. Shang,
X. L. Shang, C. W. Shen, G. F. Shen, T. T. Sun, X. X. Sun, S. B. Wang, T.
Y. Wang, Y. R. Wang, Y. Y. Wang, J. W. Wu, L. Wu, X. H. Wu, X. W. Xia,

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

H. H. Xie, J. M. Yao, K. Y. Ip, T. C. Yiu, J. H. Yu, Y. Y. Yu, K. Y. Zhang,
S. J. Zhang, S. Q. Zhang, W. Zhang, X. Y. Zhang, Y. X. Zhang, Y. Zhang,
Y. X. Zhang, Z. H. Zhang, Q. Zhao, Y. C. Zhao, R. Y. Zheng, C. Zhou, S. G.
Zhou, and L. J. Zou (DRHBc Mass Table Collaboration). Nuclear mass table
in deformed relativistic Hartree-Bogoliubov theory in continuum, II: Even-Z
nuclei. At. Data Nucl. Data Tables, 158:101661, 2024.

[81] X. X. Sun, J. Zhao, and S. G. Zhou. Shrunk halo and quenched shell gap
at N = 16 in 22C: Inversion of sd states and deformation effects. Phys. Lett.
B, 785:530-535, 2018.

[82] K. Y. Zhang, D. Y. Wang, and S. Q. Zhang. Effects of pairing, continuum,
and deformation on particles in the classically forbidden regions for Mg isotopes.
Phys. Rev. C, 100(3):034312, 2019.

[83] X. X. Sun, J. Zhao, and S. G. Zhou. Study of ground state properties of
carbon isotopes with deformed relativistic Hartree-Bogoliubov theory in contin-
uum. Nucl. Phys. A, 1003:122011, 2020.

[84] Z. H. Yang, Y. Kubota, A. Corsi, K. Yoshida, X. X. Sun, J. G. Li, M.
Kimura, N. Michel, K. Ogata, C. X. Yuan, Q. Yuan, G. Authelet, H. Baba, C.
Caesar, D. Calvet, A. Delbart, M. Dozono, J. Feng, F. Flavigny, J. M. Gheller,
J. Gibelin, A. Giganon, A. Gillibert, K. Hasegawa, T. Isobe, Y. Kanaya, S.
Kawakami, D. Kim, Y. Kiyokawa, M. Kobayashi, N. Kobayashi, T. Kobayashi,
Y. Kondo, Z. Korkulu, S. Koyama, V. Lapoux, Y. Maeda, F. M. Marqués, T.
Motobayashi, T. Miyazaki, T. Nakamura, N. Nakatsuka, Y. Nishio, A. Obertelli,
A. Ohkura, N. A. Orr, S. Ota, H. Otsu, T. Ozaki, V. Panin, S. Paschalis, E.
C. Pollacco, S. Reichert, J. Y. Roussé, A. T. Saito, S. Sakaguchi, M. Sako, C.
Santamaria, M. Sasano, H. Sato, M. Shikata, Y. Shimizu, Y. Shindo, L. Stuhl,
T. Sumikama, Y. L. Sun, M. Tabata, Y. Togano, J. Tsubota, F. R. Xu, J.
Yasuda, K. Yoneda, J. Zenihiro, S. G. Zhou, W. Zuo, and T. Uesaka. Quasifree
neutron knockout reaction reveals a small s-orbital component in the borromean
nucleus '"B. Phys. Rev. Lett., 126(8):082501, 2021.

[85] X. X. Sun. Deformed two-neutron halo in **B. Phys. Rev. C, 103:054315,
2021.

[86] S. Y. Zhong, S. S. Zhang, X. X. Sun, and M. S. Smith. Study of the deformed
halo nucleus 3! Ne with Glauber model based on microscopic self-consistent struc-
tures. Sci. China Phys. Mech. Astron., 65(6):262011, 2022.

[87] K. Y. Zhang, S. Q. Yang, J. L. An, S. S. Zhang, P. Papakonstantinou, M.
H. Mun, Y. Kim, and H. Yan. Missed prediction of the neutron halo in 3"Mg.
Phys. Lett. B, 844:138112, 2023.

[88] K. Y. Zhang, P. Papakonstantinou, M. H. Mun, Y. Kim, H. Yan, and X. X.
Sun. Collapse of the N = 28 shell closure in the newly discovered 3°Na nucleus
and the development of deformed halos towards the neutron dripline. Phys.
Rev. C; 107(4):L041303, 2023.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[89] C. Pan, K. Y. Zhang, and S. Q. Zhang. Nuclear magnetism in the deformed
halo nucleus 3'Ne. Phys. Lett. B, 855:138792, 2024.

[90] J. L. An, K. Y. Zhang, Q. Lu, S. Y. Zhong, and S. S. Zhang. A unified
description of the halo nucleus 3"Mg from microscopic structure to reaction
observables. Phys. Lett. B, 849:138422, 2024.

[91] L. Y. Wang, K. Y. Zhang, J. L. An, and S. S. Zhang. Toward a unified de-
scription of the one-neutron halo nuclei **C and ?C from structure to reaction.
Eur. Phys. J. A, 60(12):251, 2024.

[92] X. Y. Zhang, Z. M. Niu, W. Sun, and X. W. Xia. Nuclear charge radii and
shape evolution of Kr and Sr isotopes with the deformed relativistic Hartree-
Bogoliubov theory in continuum. Phys. Rev. C, 108(2):024310, 2023.

[93] M.-H. Mun, S. Kim, M.-K. Cheoun, W. Y. So, S. Choi, and E. Ha. Odd-
even shape staggering and kink structure of charge radii of Hg isotopes by the
deformed relativistic Hartree—-Bogoliubov theory in continuum. Phys. Lett. B,
847:138298, 2023.

[94] C. Pan and J. Meng. Charge radii and their deformation correlation for
even-Z nuclei in deformed relativistic Hartree-Bogoliubov theory in continuum.
arXiv:2504.13563v1 [nucl-th] 18 Apr 2025.

[95] P. Guo, C. Pan, Y. C. Zhao, X. K. Du, and S. Q. Zhang. Prolate-shape
dominance in atomic nuclei within the deformed relativistic Hartree-Bogoliubov
theory in continuum. Phys. Rev. C, 108(1):014319, 2023.

[96] M.-H. Mun, E. Ha, Y.-B. Choi, and M.-K. Cheoun. Nuclear shape evolution
of neutron-deficient Au and kink structure of Pb isotopes. Phys. Rev. C,
110(2):024310, 2024.

[97] Y.-B. Choi, C.-H. Lee, M.-H. Mun, and Y. Kim. Bubble nuclei with shape
coexistence in even-even isotopes of Hf to Hg. Phys. Rev. C, 105(2):024306,
2022.

[98] S. Kim, M.-H. Mun, M.-K. Cheoun, and E. Ha. Shape coexistence and
neutron skin thickness of Pb isotopes by the deformed relativistic Hartree-
Bogoliubov theory in continuum. Phys. Rev. C, 105(3):034340, 2022.

[99] R. Y. Zheng, X. X. Sun, G. F. Shen, and L. S. Geng. Evolution of N =
20, 28,50 shell closures in the 20 < Z < 30 region in deformed relativistic
Hartree-Bogoliubov theory in continuum. Chin. Phys. C, 48(1):014107, 2024.

[100] Y. X. Zhang, B. R. Liu, K. Y. Zhang, and J. M. Yao. Shell structure and
shape transition in odd-Z superheavy nuclei with proton numbers Z = 117,119:
Insights from applying deformed relativistic Hartree-Bogoliubov theory in con-
tinuum. Phys. Rev. C, 110(2):024302, 2024.

[101] W. J. Liu, C. J. Lv, P. Guo, C. Pan, S. B. Wang, and X. H. Wu. Magic
number N = 350 predicted by the deformed relativistic Hartree-Bogoliubov

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

theory in continuum: Z = 136 isotopes as an example. Particles, 7(4):1078—
1085, 2024.

[102] P. X. Du and J. Li. Exploring the neutron magic number in superheavy
nuclei: Insights into N = 258. Particles, 7(4):1086-1094, 2024.

[103] C. Pan and X. H. Wu. Examination of possible proton magic number
Z = 126 with the deformed relativistic Hartree-Bogoliubov theory in continuum.
Particles, 8(1):2, 2025.

[104] L. Wu, W. Zhang, J. Peng, and J. K. Huang. Shell structure evolution of
U, Pu, and Cm isotopes with deformed relativistic Hartree-Bogoliubov theory
in a continuum. Particles, 8(1):19, 2025.

[105] Z. D. Huang, W. Zhang, S. Q. Zhang, and T. T. Sun. Ground-state
properties and structure evolutions of odd-A transuranium Bk isotopes from
deformed relativistic Hartree-Bogoliubov theory in continuum. Phys. Rev. C,
111(3):034314, 2025.

[106] Y. Xiao, S. Z. Xu, R. Y. Zheng, X. X. Sun, L. S. Geng, and S. S. Zhang.
One-proton emission from '#81°'Lu in the DRHBc+WKB approach. Phys.
Lett. B, 845:138160, 2023.

[107] Y.-B. Choi, C.-H. Lee, M.-H. Mun, S. Choi, and Y. Kim. a-decay half-lives
for even-even isotopes of W to U. Phys. Rev. C, 109(5):054310, 2024.

[108] Q. Lu, K. Y. Zhang, and S. S. Zhang. Triaxial shape of the one-proton
emitter '49Lu. Phys. Lett. B, 856:138922, 2024.

[109] M.-H. Mun, K. Heo, and M.-K. Cheoun. Calculation of a-decay half-lives
for T1, Bi, and At isotopes. Particles, 8(2):42, 2025.

[110] C. Pan, K. Y. Zhang, P. S. Chong, C. Heo, M. C. Ho, J. Lee, Z. P. Li, W.
Sun, C. K. Tam, S. H. Wong, R. W. Y. Yeung, T. C. Yiu, and S. Q. Zhang.
Possible bound nuclei beyond the two-neutron drip line in the 50 < Z < 70
region. Phys. Rev. C, 104(2):024331, 2021.

[111] X. T. He, C. Wang, K. Y. Zhang, and C. W. Shen. Possible existence of
bound nuclei beyond neutron drip lines driven by deformation. Chin. Phys. C,
45(10):101001, 2021.

[112] X. T. He, J. W. Wu, K. Y. Zhang, and C. W. Shen. Odd-even differences
in the stability “peninsula” in the 106 < Z < 112 region with the deformed rela-
tivistic Hartree-Bogoliubov theory in continuum. Phys. Rev. C, 110(1):014301,
2024.

[113] M.-H. Mun, M.-K. Cheoun, E. Ha, H. Sagawa, and G. Colo. Symmetry
energy from two-nucleon separation energies of Pb and Ca isotopes. Phys.
Rev. C, 110(1):014314, 2024.

[114] W. Zhang, J. K. Huang, T. T. Sun, J. Peng, and S. Q. Zhang. Inner fission
barriers of uranium isotopes in the deformed relativistic Hartree-Bogoliubov

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

theory in continuum. Chin. Phys. C, 48(10):1-8, 2024.

[115] S. B. Wang, P. Guo, and C. Pan. Determining the ground state for su-
perheavy nuclei from the deformed relativistic Hartree-Bogoliubov theory in
continuum. Particles, 7(4):1139-1149, 2024.

[116] K. Y. Zhang, C. Pan, X. H. Wu, X. Y. Qu, X. X. Lu, and G. A. Sun.
Selected advances in nuclear mass predictions based on covariant density func-
tional theory with continuum effects. AAPPS Bulletin, 35(1):13, 2025.

[117] Z. X. Liu, Y. H. Lam, N. Lu, and P. Ring. The optimized point-coupling
interaction for the relativistic energy density functional of Hartree-Bogoliubov
approach quantifying the nuclear bulk properties. Phys. Lett. B, 842:137946,
2023.

[118] T. Biirvenich, D. G. Madland, J. A. Maruhn, and P. G. Reinhard. Nuclear
ground state observables and QCD scaling in a refined relativistic point coupling
model. Phys. Rev. C, 65(4):044308, 2002.

[119] C. E. Price and G. E. Walker. Self-consistent Hartree description of de-
formed nuclei in a relativistic quantum field theory. Phys. Rev. C, 36(1):354—
364, 1987.

[120] P. Ring and P. Schuck. The nuclear many-body problem. Springer Science
& Business Media, 2004.

[121] S. Perez-Martin and L. M. Robledo. Microscopic justification of the equal
filling approximation. Phys. Rev. C, 78:014304, 2008.

[122] National Nuclear Center (NNDC). http://www.nndc.bnl.gov/.

[123] A. Jacobs, C. Andreoiu, J. Bergmann, T. Brunner, T. Dickel, 1. Dill-
mann, E. Dunling, J. Flowerdew, L. Graham, G. Gwinner, Z. Hockenbery, W.
J. Huang, B. Kootte, Y. Lan, K. G. Leach, E. Leistenschneider, D. Lunney,
E. M. Lykiardopoulou, V. Monier, I. Mukul, S. F. Paul, W.R. Pla3; M. P. Re-
iter, C. Scheidenberger, R. Thompson, J. L. Tracy, C. Will, M. E. Wieser, J.
Dilling, and A. A. Kwiatkowski. Improved high-precision mass measurements
of mid-shell neon isotopes. Nucl. Phys. A, 1033:122636, 2023.

[124] Y. Yu, Y. M. Xing, Y. H. Zhang, M. Wang, X. H. Zhou, J. G. Li, H. H. Li,
Q. Yuan, Y. F. Niu, Y. N. Huang, J. Geng, J. Y. Guo, J. W. Chen, J. C. Pei, F.
R. Xu, Yu. A. Litvinov, K. Blaum, G. de Angelis, I. Tanihata, T. Yamaguchi,
X. Zhou, H. S. Xu, Z. Y. Chen, R. J. Chen, H. Y. Deng, C. Y. Fu, W. W. Ge,
W. J. Huang, H. Y. Jiao, Y. F. Luo, H. F. Li, T. Liao, J. Y. Shi, M. Si, M.
Z. Sun, P. Shuai, X. L. Tu, Q. Wang, X. Xu, X. L. Yan, Y. J. Yuan, and M.
Zhang. Nuclear structure of dripline nuclei elucidated through precision mass
measurements of 23Si, 26P, 27285 and 3'Ar. Phys. Rev. Lett., 133(22):222501,
2024.

[125] D. Puentes, Z. Meisel, G. Bollen, A. Hamaker, C. Langer, E. Leistenschnei-
der, C. Nicoloff, W.-J. Ong, M. Redshaw, R. Ringle, C. S. Sumithrarachchi, J.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

Surbrook, A. A. Valverde, and I. T. Yandow. High-precision mass measurement
of 24Si and a refined determination of the rp process at the A = 22 waiting
point. Phys. Rev. C; 106:L.012801, 2022.

[126] I. T. Yandow, A. Abdullah-Smoot, G. Bollen, A. Hamaker, C. R. Nicoloff,
D. Puentes, M. Redshaw, K. Gulyuz, Z. Meisel, W. J. Ong, R. Ringle, R. San-
dler, S. Schwarz, C. S. Sumithrarachchi, and A. A. Valverde. Mass measurement
of 2"P to constrain type-I x-ray burst models and validate the isobaric multi-
plet mass equation for the A = 27, T = 3 isospin quartet. Phys. Rev. C,
108(6):065802, 2023.

[127] J. Surbrook, G. Bollen, M. Brodeur, A. Hamaker, D. Pérez-Loureiro, D.
Puentes, C. Nicoloff, M. Redshaw, R. Ringle, S. Schwarz, C. S. Sumithrarachchi,
L. J. Sun, A. A. Valverde, A. C. C. Villari, C. Wrede, and I. T. Yandow. First
Penning trap mass measurement of 36Ca. Phys. Rev. C, 103:014323, 2021.

[128] W. S. Porter, E. Dunling, E. Leistenschneider, J. Bergmann, G. Bollen,
T. Dickel, K. A. Dietrich, A. Hamaker, Z. Hockenbery, C. Izzo, A. Jacobs,
A. Javaji, B. Kootte, Y. Lan, I. Miskun, I. Mukul, T. Murbéck, S. F. Paul,
W. R. Pla8, D. Puentes, M. Redshaw, M. P. Reiter, R. Ringle, J. Ringuette,
R. Sandler, C. Scheidenberger, R. Silwal, R. Simpson, C. S. Sumithrarachchi,
A. Teigelhofer, A. A. Valverde, R. Weil, I. T. Yandow, J. Dilling, and A. A.
Kwiatkowski. Investigating nuclear structure near N = 32 and N = 34: Preci-

sion mass measurements of neutron-rich Ca, Ti, and V isotopes. Phys. Rev. C,
106(2):024312, 2022.

[129] E. Leistenschneider, E. Dunling, G. Bollen, B. A. Brown, J. Dilling, A.
Hamaker, J. D. Holt, A. Jacobs, A. A. Kwiatkowski, T. Miyagi, W. S. Porter,
D. Puentes, M. Redshaw, M. P. Reiter, R. Ringle, R. Sandler, C. S. Sum-
ithrarachchi, A. A. Valverde, and I. T. Yandow (the Lebit Collaboration, the
Titan Collaboration). Precision mass measurements of neutron-rich scandium
isotopes refine the evolution of N = 32 and N = 34 shell closures. Phys.
Rev. Lett., 126(4):042501, 2021.

[130] M. Wang, M. Zhang, X. Zhou, Y. H. Zhang, Yu A. Litvinov, H. S. Xu, R.
J. Chen, H. Y. Deng, C. Y. Fu, W. W. Ge, H. F. Li, T. Liao, S. A. Litvinov, P.
Shuai, J. Y. Shi, Y. N. Song, M. Z. Sun, S. Suzuki, Q. Wang, Y. M. Xing, X. Xu,
T. Yamaguchi, X. L. Yan, J. C. Yang, Y. J. Yuan, Q. Zeng, and X. H. Zhou. Bp-
defined isochronous mass spectrometry: An approach for high-precision mass
measurements of short-lived nuclei. Phys. Rev. C, 106(5):L051301, 2022.

[131] S. Tlimura, M. Rosenbusch, A. Takamine, Y. Tsunoda, M. Wada, S. Chen,
D. S. Hou, W. Xian, H. Ishiyama, S. Yan, P. Schury, H. Crawford, P. Doornen-
bal, Y. Hirayama, Y. Ito, S. Kimura, T. M. Kojima, H. Koura, J. Lee, J. Liu,
S. Michimasa, H. Miyatake, J. Y. Moon, S. Naimi, S. Nishimura, T. Niwase, A.
Odahara, T. Otsuka, S. Paschalis, M. Petri, N. Shimizu, T. Sonoda, D. Suzuki,
Y. X. Watanabe, K. Wimmer, and H. Wollnik. Study of the N = 32 and N = 34
shell gap for Ti and V by the first high-precision multireflection time-of-flight

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

mass measurements at bigRIPS-SLOWRI. Phys. Rev. Lett., 130(1):012501,
2023.

[132] R. Silwal, C. Andreoiu, B. Ashrafkhani, J. Bergmann, T. Brunner, J.
Cardona, K. Dietrich, E. Dunling, G. Gwinner, Z. Hockenbery, J. D. Holt, C.
Izzo, A. Jacobs, A. Javaji, B. Kootte, Y. Lan, D. Lunney, E. M. Lykiardopoulou,
T. Miyagi, M. Mougeot, I. Mukul, T. Murboéck, W. S. Porter, M. Reiter, J.
Ringuette, J. Dilling, and A. A. Kwiatkowski. Summit of the N = 40 island of
inversion: Precision mass measurements and ab initio calculations of neutron-
rich chromium isotopes. Phys. Lett. B, 833:137288, 2022.

[133] W. S. Porter, B. Ashrafkhani, J. Bergmann, C. Brown, T. Brunner, J.
D. Cardona, D. Curien, I. Dedes, T. Dickel, J. Dudek, E. Dunling, G. Gwin-
ner, Z. Hockenbery, J. D. Holt, C. Hornung, C. Izzo, A. Jacobs, A. Javaji, B.
Kootte, G. Kripké-Koncz, Y. Lan, E. Leistenschneider, E. M. Lykiardopoulou,
T. Miyagi, I. Mukul, T. Murbéck, W. R. Pla3; M. P. Reiter, J. Ringuette, C.
Scheidenberger, R. Silwal, C. Walls, H. L. Wang, Y. Wang, J. Yang, J. Dilling,
and A. A. Kwiatkowski. Mapping the N = 40 island of inversion: Precision
mass measurements of neutron-rich Fe isotopes. Phys. Rev. C, 105(4):L041301,
2022.

[134] L. Canete, S. Giraud, A. Kankainen, B. Bastin, F. Nowacki, A. Poves,
P. Ascher, T. Eronen, V. Alcindor, A. Jokinen, A. Khanam, I. D. Moore, D.
A. Nesterenko, F. De Oliveira Santos, H. Penttild, C. Petrone, I. Pohjalainen,
A. de Roubin, V. A. Rubchenya, M. Vilen, and J. Ayst6. Erratum: Precision
mass measurements of %"Fe and 5%7°Co: Nuclear structure toward N = 40 and
impact on r-process reaction rates [Phys. Rev. C 101, 041304(R) (2020)]. Phys.
Rev. C, 103(2):029902, 2021.

[135] S. Giraud, L. Canete, B. Bastin, A. Kankainen, A. F. Fantina, F. Gul-
minelli, P. Ascher, T. Eronen, V. Girard-Alcindor, A. Jokinen, A. Khanam, I.
D. Moore, D. A. Nesterenko, F. de Oliveira Santos, H. Penttila, C. Petrone, I.
Pohjalainen, A. De Roubin, V. A. Rubchenya, M. Vilen, and J. Aysto. Mass
measurements towards doubly magic "®Ni: Hydrodynamics versus nuclear mass
contribution in core-collapse supernovae. Phys. Lett. B, 833:137309, 2022.

[136] M. Wang, Y. H. Zhang, X. Zhou, X. H. Zhou, H. S. Xu, M. L. Liu, J. G.
Li, Y. F. Niu, W. J. Huang, Q. Yuan, S. Zhang, F. R. Xu, Yu. A. Litvinov, K.
Blaum, Z. Meisel, R. F. Casten, R. B. Cakirli, R. J. Chen, H. Y. Deng, C. Y.
Fu, W. W. Ge, H. F. Li, T. Liao, S. A. Litvinov, P. Shuai, J. Y. Shi, Y. N. Song,
M. Z. Sun, Q. Wang, Y. M. Xing, X. Xu, F. R. Xu, T. Yamaguchi, X. L. Yan,
J. C. Yang, Y. J. Yuan, Q. Zeng, and M. Zhang. Mass measurement of upper f
p-shell N =7 —2 and N = Z — 1 nuclei and the importance of three-nucleon
force along the N = Z line. Phys. Rev. Lett., 130:192501, 2023.

[137] S. F. Paul, J. Bergmann, J. D. Cardona, K. A. Dietrich, E. Dunling, Z.
Hockenbery, C. Hornung, C. Izzo, A. Jacobs, A. Javaji, B. Kootte, Y. Lan, E.
Leistenschneider, E. M. Lykiardopoulou, I. Mukul, T. Murbéck, W. S. Porter,
R. Silwal, M. B. Smith, J. Ringuette, T. Brunner, T. Dickel, I. Dillmann, G.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

Gwinner, M. MacCormick, M. P. Reiter, H. Schatz, N. A. Smirnova, J. Dilling,
and A. A. Kwiatkowski. Mass measurements of 0-%3Ga reduce x-ray burst
model uncertainties and extend the evaluated T' = 1 isobaric multiplet mass
equation. Phys. Rev. C, 104:065803, 2021.

[138] W. Xian, S. Chen, S. Nikas, M. Rosenbusch, M. Wada, H. Ishiyama, D.
Hou, S. Iimura, S. Nishimura, P. Schury, A. Takamine, S. Yan, F. Browne, P.
Doornenbal, F. Flavigny, Y. Hirayama, Y. Ito, S. Kimura, T. M. Kojima, J.
Lee, J. J. Liu, Z. Liu, S. Michimasa, H. Miyatake, J. Y. Moon, S. Naimi, S.
Nishimura, T. Niwase, T. Sonoda, D. Suzuki, Y. X. Watanabe, K. Wimmer,
and H. Wollnik. Mass measurements of neutron-rich A ~ 90 nuclei constrain
element abundances. Phys. Rev. C, 109(3):035804, 2024.

[139] Y. M. Xing, C. X. Yuan, M. Wang, Y. H. Zhang, X. H. Zhou, Yu. A.
Litvinov, K. Blaum, H. S. Xu, T. Bao, R. J. Chen, C. Y. Fu, B. S. Gao, W. W.
Ge, J. J. He, W. J. Huang, T. Liao, J. G. Li, H. F. Li, S. Litvinov, S. Naimi, P.
Shuai, M. Z. Sun, Q. Wang, Y. M. Xing, X. Xu, T. Yamaguchi, X. L. Yan, J.
C. Yang, Y. J. Yuan, Q. Zeng, and M. Zhang. Isochronous mass measurements
of neutron-deficient nuclei from ''2Sn projectile fragmentation. Phys. Rev. C,
107:014304, 2023.

[140] M. Horana Gamage, R. Bhandari, G. Bollen, N. D. Gamage, A. Hamaker,
D. Puentes, M. Redshaw, R. Ringle, S. Schwarz, C. S. Sumithrarachchi, and I.
Yandow. Identification of a potential ultralow-Q-value electron-capture decay
branch in "®Se via a precise Penning trap measurement of the mass of " As.
Phys. Rev. C, 106(6):065503, 2022.

[141] X. Zhou, M. Wang, Y. H. Zhang, X. H. Zhou, X. L. Yan, and Y. M. Xing.
Bp-defined isochronous mass spectrometry at the storage ring CSRe. Nucl. Sci.
Tech., 35(12):213, 2024.

[142] T. Mardor, S. Ayet San Andrés, T. Dickel, D. Amanbayev, S. Beck,
J. Bergmann, H. Geissel, L. Grof, E. Haettner, C. Hornung, N. Kalantar-
Nayestanaki, G. Kripko-Koncz, 1. Miskun, A. Mollaebrahimi, W. R. Pla8, C.
Scheidenberger, H. Weick, Soumya Bagchi, D. L. Balabanski, A. A. Bezbakh,
Z. Brencic, O. Charviakova, V. Chudoba, Paul Constantin, M. Dehghan, A.
S. Fomichev, L. V. Grigorenko, O. Hall, M. N. Harakeh, J.-P. Hucka, A.
Kankainen, O. Kiselev, R. Knobel, D. A. Kostyleva, S. A. Krupko, N. Kurkova,
N. Kuzminchuk, I. Mukha, I. A. Muzalevskii, D. Nichita, C. Nociforo, Z. Patyk,
M. Pfiitzner, S. Pietri, S. Purushothaman, M. P. Reiter, H. Roesch, F. Schirru,
P. G. Sharov, A. Spataru, G. Stanic, A. State, Y. K. Tanaka, M. Vencelj, M.
I. Yavor, and J. Zhao. Mass measurements of As, Se, and Br nuclei, and their
implication on the proton-neutron interaction strength toward the N = Z line.
Phys. Rev. C, 103:034319, 2021.

[143] 1. Mukul, C. Andreoiu, J. Bergmann, M. Brodeur, T. Brunner, K. A.
Dietrich, T. Dickel, I. Dillmann, E. Dunling, D. Fusco, G. Gwinner, C. Izzo, A.
Jacobs, B. Kootte, Y. Lan, E. Leistenschneider, E. M. Lykiardopoulou, S. F.
Paul, M. P. Reiter, J. L. Tracy, J. Dilling, and A. A. Kwiatkowski. Examining

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

the nuclear mass surface of Rb and Sr isotopes in the A ~ 104 region via
precision mass measurements. Phys. Rev. C, 103(4):044320, 2021.

[144] M. Hukkanen, W. Ryssens, P. Ascher, M. Bender, T. Eronen, S. Grévy,
A. Kankainen, M. Stryjczyk, O. Beliuskina, Z. Ge, S. Geldhof, M. Gerbaux, W.
Gins, A. Husson, D. A. Nesterenko, A. Raggio, M. Reponen, S. Rinta-Antila,
J. Romero, A. de Roubin, V. Virtanen, and A. Zadvornaya. Precision mass
measurements in the zirconium region pin down the mass surface across the

neutron midshell at N = 66. Phys. Lett. B, 856:138916, 2024.

[145] A. Hamaker, E. Leistenschneider, R. Jain, G. Bollen, S. A. Giuliani, K.
Lund, W. Nazarewicz, L. Neufcourt, C. R. Nicoloff, D. Puentes, R. Ringle, C. S.
Sumithrarachchi, and I. T. Yandow. Precision mass measurement of lightweight
self-conjugate nucleus 89Zr. Nat. Phys., 17(12):1408-1412, 2021.

[146] D. S. Hou, A. Takamine, M. Rosenbusch, W. D. Xian, S. limura, S. D.
Chen, M. Wada, H. Ishiyama, P. Schury, Z. M. Niu, H. Z. Liang, S. X. Yan,
P. Doornenbal, Y. Hirayama, Y. Ito, S. Kimura, T. M. Kojima, W. Korten, J.
Lee, J. J. Liu, Z. Liu, S. Michimasa, H. Miyatake, J. Y. Moon, S. Naimi, S.
Nishimura, T. Niwase, T. Sonoda, D. Suzuki, Y. X. Watanabe, K. Wimmer,
and H. Wollnik. First direct mass measurement for neutron-rich *2Mo with
the new ZD-MRTOF mass spectrograph system. Phys. Rev. C, 108(5):054312,
2023.

[147] K. L. Wang, A. Estrade, M. Famiano, H. Schatz, M. Barber, T. Baumann,
D. Bazin, K. Bhatt, T. Chapman, J. Dopfer, B. Famiano, S. George, M. Giles,
T. Ginter, J. Jenkins, S. Jin, L. Klankowski, S. Liddick, Z. Meisel, N. Nepal,
J. Pereira, N. Rijal, A. M. Rogers, O. B. Tarasov, and G. Zimba. Mass mea-
surements of neutron-rich nuclei near N = 70. Phys. Rev. C, 109(3):035806,
2024.

[148] W. S. Porter, B. Liu, D. Ray, A. A. Valverde, M. Li, M. R. Mumpower,
M. Brodeur, D. P. Burdette, N. Callahan, A. Cannon, J. A. Clark, D. E. M.
Hoff, A. M. Houff, F. G. Kondev, A. E. Lovell, A. T. Mohan, G. E. Morgan, C.
Quick, G. Savard, K. S. Sharma, T. M. Sprouse, and L. Varriano. Investigating
the effects of precise mass measurements of Ru and Pd isotopes on machine
learning mass modeling. Phys. Rev. C, 110(3):034321, 2024.

[149] H. F. Li, S. Naimi, T. M. Sprouse, M. R. Mumpower, Y. Abe, Y. Ya-
maguchi, D. Nagae, F. Suzaki, M. Wakasugi, H. Arakawa, W. B. Dou, D.
Hamakawa, S. Hosoi, Y. Inada, D. Kajiki, T. Kobayashi, M. Sakaue, Y. Yokoda,
T. Yamaguchi, R. Kagesawa, D. Kamioka, T. Moriguchi, M. Mukai, A. Ozawa,
S. Ota, N. Kitamura, S. Masuoka, S. Michimasa, H. Baba, N. Fukuda, Y.
Shimizu, H. Suzuki, H. Takeda, D. S. Ahn, M. Wang, C. Y. Fu, Q. Wang,
S. Suzuki, Z. Ge, Yu. A. Litvinov, G. Lorusso, P. M. Walker, Zs. Podolyak,
and T. Uesaka. First application of mass measurements with the rare-RI ring
reveals the solar r-process abundance trend at A = 122 and A = 123. Phys.
Rev. Lett., 128(15):152701, 2022.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[150] Z. Ge, M. Reponen, T. Eronen, B. Hu, M. Kortelainen, A. Kankainen,
I. Moore, D. Nesterenko, C. Yuan, O. Beliuskina, L. Canete, R. de Groote,
C. Delafosse, T. Dickel, A. de Roubin, S. Geldhof, W. Gins, J. D. Holt, M.
Hukkanen, A. Jaries, A. Jokinen, A. Koszorts, G. Kripké-Koncz, S. Kujanpéd,
Y. H. Lam, S. Nikas, A. Ortiz-Cortes, H. Penttila, D. Pitman-Weymouth, W.
Plal, I. Pohjalainen, A. Raggio, M. Reponen, S. Rinta-Antila, J. Romero, A.
de Roubin, P. C. Srivastava, J. Suhonen, V. Virtanen, and A. Zadvornaya.
High-precision mass measurements of neutron deficient silver isotopes probe the
robustness of the N = 50 shell closure. Phys. Rev. Lett., 133(13):132503, 2024.

[151] A. Jaries, M. Stryjczyk, A. Kankainen, L. Al Ayoubi, O. Beliuskina, P.
Delahaye, T. Eronen, M. Flayol, Z. Ge, W. Gins, M. Hukkanen, A. Jokinen,
I. D. Moore, M. Mougeot, D. A. Nesterenko, S. Nikas, H. Penttild, D. Pitman-
Weymouth, I. Pohjalainen, A. Raggio, M. Ramalho, M. Reponen, S. Rinta-
Antila, J. Romero, A. de Roubin, P. C. Srivastava, J. Ruotsalainen, V. Virta-
nen, and A. Zadvornaya. High-precision measurements of low-lying isomeric
states in 1297124In with the JYFLTRAP double Penning trap. Phys. Rev. C,
108(5):054301, 2023.

[152] D. A. Nesterenko, J. Ruotsalainen, M. Stryjczyk, A. Kankainen, L. Al
Ayoubi, O. Beliuskina, P. Delahaye, T. Eronen, M. Flayol, Z. Ge, W. Gins, M.
Hukkanen, A. Jaries, D. Kahl, D. Kumar, S. Nikas, A. Ortiz-Cortes, H. Penttil4,
D. Pitman-Weymouth, A. Raggio, M. Ramalho, M. Reponen, S. Rinta-Antila,
J. Romero, A. de Roubin, P. C. Srivastava, J. Suhonen, V. Virtanen, and A.
Zadvornaya. High-precision Penning-trap mass measurements of Cd and In
isotopes at JYFLTRAP remove the fluctuations in the two-neutron separation
energies. Phys. Rev. C, 108(6):064302, 2023.

[153] C. Izzo, J. Bergmann, K. A. Dietrich, E. Dunling, D. Fusco, A. Jacobs, B.
Kootte, G. Kripké-Koncz, Y. Lan, E. Leistenschneider, E. M. Lykiardopoulou, I.
Mukul, S. F. Paul, M. P. Reiter, J. L. Tracy, C. Andreoiu, T. Brunner, T. Dickel,
J. Dilling, I. Dillmann, G. Gwinner, D. Lascar, K. G. Leach, W. R. Pla8}, C.
Scheidenberger, M. E. Wieser, and A. A. Kwiatkowski. Mass measurements of
neutron-rich indium isotopes for r-process studies. Phys. Rev. C, 103(2):025811,
2021.

[154] D. E. M. Hoff, K. Kolos, G. W. Misch, D. Ray, B. Liu, A. A. Valverde,
M. Brodeur, D. P. Burdette, N. Callahan, J. A. Clark, A. T. Gallant, F. G.
Kondev, G. E. Morgan, M. R. Mumpower, R. Orford, W. S. Porter, F. Rivero,
G. Savard, N. D. Scielzo, K. S. Sharma, K. Sieja, T. M. Sprouse, and L. Varriano.
Direct mass measurements to inform the behavior of '28™Sb in nucleosynthetic
environments. Phys. Rev. Lett., 131(26):262701, 2023.

[155] A. A. Valverde, F. G. Kondev, B. Liu, D. Ray, M. Brodeur, D. P. Burdette,
N. Callahan, A. Cannon, J. A. Clark, D. E. M. Hoff, R. Orford, W. S. Porter, G.
Savard, K. S. Sharma, and L. Varriano. Precise mass measurements of A = 133
isobars with the Canadian Penning trap: Resolving the Q- anomaly at '3*Te.
Phys. Lett. B, 858:139037, 2024.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

[156] O. Beliuskina, D. A. Nesterenko, A. Jaries, M. Stryjczyk, A. Kankainen, L.
Canete, R. P. de Groote, C. Delafosse, T. Eronen, Z. Ge, S. Geldhof, W. Gins,
M. Hukkanen, A. Jokinen, I. D. Moore, M. Mougeot, S. Nikas, H. Penttil4, I.
Pohjalainen, A. Raggio, M. Reponen, S. Rinta-Antila, A. de Roubin, J. Ruot-
salainen, M. Vilen, V. Virtanen, and A. Zadvornaya. Mass measurements in
the 132Sn region with the JYFLTRAP double Penning trap mass spectrometer.
Phys. Rev. C, 110(3):034325, 2024.

[157] S. Kimura, M. Wada, H. Haba, H. Ishiyama, S. Ishizawa, A. Takamine.
Comprehensive mass measurement study of 2°2Cf fission fragments with
MRTOF-MS and detailed study of masses of neutron-rich Ce isotopes. Phys.
Rev. C, 110(4):045810, 2024.

[158] R. Orford, N. Vassh, J. A. Clark, G. C. McLaughlin, M. R. Mumpower,
D. Ray, G. Savard, R. Surman, F. Buchinger, D. P. Burdette, M. T. Burkey,
D. A. Gorelov, J. W. Klimes, W. S. Porter, K. S. Sharma, A. A. Valverde,
L. Varriano, and X. L. Yan. Searching for the origin of the rare-earth peak
with precision mass measurements across Ce—Eu isotopic chains. Phys. Rev. C,
105(5):1052802, 2022.

[159] E. M. Lykiardopoulou, G. Audi, T. Dickel, W. J. Huang, D. Lunney,
Wolfgang R. Plal, M. P. Reiter, J. Dilling, and A. A. Kwiatkowski. Exploring
the limits of existence of proton-rich nuclei in the Z = 70 — 82 region. Phys.
Rev. C, 107:024311, 2023.

[160] S. Beck, B. Kootte, I. Dedes, T. Dickel, A. A. Kwiatkowski, E. M. Lykiar-
dopoulou, W. R. Pla; M. P. Reiter, C. Andreoiu, J. Bergmann, T. Brunner,
D. Curien, J. Dilling, J. Dudek, E. Dunling, J. Flowerdew, A. Gaamouci, L.
Graham, G. Gwinner, A. Jacobs, R. Klawitter, Y. Lan, E. Leistenschneider, N.
Minkov, V. Monier, I. Mukul, S. F. Paul, C. Scheidenberger, R. I. Thompson,
J. L. Tracy, M. Vansteenkiste, H. L. Wang, M. E. Wieser, C. Will, and J. Yang.
Mass measurements of neutron-deficient Yb isotopes and nuclear structure at
the extreme proton-rich side of the NV = 82 shell. Phys. Rev. Lett., 127:112501,
2021.

[161] T. Niwase, Y. X. Watanabe, Y. Hirayama, M. Mukai, P. Schury, A. N.
Andreyev, T. Hashimoto, S. limura, H. Ishiyama, Y. Ito, S. C. Jeong, D. Kaji,
S. Kimura, H. Miyatake, K. Morimoto, J. Y. Moon, M. Oyaizu, M. Rosenbusch,
A. Taniguchi, and M. Wada. Discovery of new isotope ?4'U and systematic high-
precision atomic mass measurements of neutron-rich Pa-Pu nuclei produced via
multinucleon transfer reactions. Phys. Rev. Lett., 130(13):132502, 2023.

[162] R. C. Greenwood and M. H. Putnam. Measurement of 3~ end-point
energies using a Ge detector with Monte Carlo generated response functions.
Nucl. Instrum. Meth. Phys. Res. A, 337(1):106-115, 1993.

[163] C. L. Morris, H. T. Fortune, L. C. Bland, R. Gilman, S. J. Greene, W. B.
Cottingame, D. B. Holtkamp, G. R. Burleson, and C. Fred Moore. Target mass
dependence of isotensor double charge exchange: Evidence for deltas in nuclei.

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

Phys. Rev. C, 25(6):3218-3220, 1982.

[164] L. Canete, S. Giraud, A. Kankainen, B. Bastin, F. Nowacki, A. Poves, P.
Ascher, T. Eronen, V. Alcindor, A. Jokinen, A. Khanam, I. D. Moore, D. A.
Nesterenko, F. De Oliveira Santos, H. Penttild, C. Petrone, I. Pohjalainen, A. de
Roubin, V. A. Rubchenya, M. Vilen, and J. Ayst6. Precision mass measurements
of 87Fe and %%7°Co: Nuclear structure toward N = 40 and impact on r-process
reaction rates. Phys. Rev. C, 101(4):041304, 2020.

[165] Z. Meisel, S. George, S. Ahn, D. Bazin, B. A. Brown, J. Browne, J. F.
Carpino, H. Chung, R. H. Cyburt, A. Estradé, M. Famiano, A. Gade, C. Langer,
M. Matos, W. Mitig, F. Montes, D. J. Morrissey, J. Pereira, H. Schatz, J. Schatz,
M. Scott, D. Shapira, K. Smith, J. Stevens, W. Tan, O. Tarasov, S. Towers, K.
Wimmer, J. R. Winkelbauer, J. Yurkon, and R. G. T. Zegers. Nuclear mass
measurements map the structure of atomic nuclei and accreting neutron stars.
Phys. Rev. C, 101(5):052801, 2020.

[166] A. Estradé, M. Mato$, H. Schatz, A. M. Amthor, D. Bazin, M. Beard, A.
Becerril, E. F. Brown, R. Cyburt, T. Elliot, A. Gade, D. Galaviz, S. George, S. S.
Gupta, W. R. Hix, R. Lau, G. Lorusso, P. Moéller, J. Pereira, M. Portillo, A. M.
Rogers, D. Shapira, E. Smith, A. Stolz, M. Wallace, and M. Wiescher. Time-of-
Flight Mass Measurements for Nuclear Processes in Neutron Star Crusts. Phys.
Rev. Lett., 107(17):172503, 2011.

[167] H. L. Seifert, J. M. Wouters, D. J. Vieira, H. Wollnik, X. G. Zhou, X. L.
Tu, Z. Y. Zhou, and G. W. Butler. Mass measurement of neutron-rich isotopes
from 5'Ca to "?Ni. Z. Phys. A, 349(1):25-32, 1994.

[168] X. L. Tu, H. S. Xu, M. Wang, Y. H. Zhang, Yu A. Litvinov, Y. Sun, H.
Schatz, X. H. Zhou, Y. J. Yuan, J. W. Xia, G. Audi, K. Blaum, C. M. Du, P.
Geng, Z. G. Hu, W. X. Huang, S. L. Jin, L. X. Liu, Y. Liu, X. Ma, R. S. Mao,
B. Mei, P. Shuai, Z. Y. Sun, H. Suzuki, S. W. Tang, J. S. Wang, S. T. Wang,
G. Q. Xiao, X. Xu, T. Yamaguchi, Y. Yamaguchi, X. L. Yan, J. C. Yang, R. P.
Ye, Y. D. Zang, H. W. Zhao, T. C. Zhao, X. Y. Zhang, and W. L. Zhan. Direct
mass measurements of short-lived A = 27 — 1 nuclides %3Ge, %5As, %7Se, and
“Kr and their impact on nucleosynthesis in the rp process. Phys. Rev. Lett.,
106(11):112501, 2011.

[169] M. Oinonen, A. Jokinen, J. Aysto, P. Baumann, F. Didierjean, A. Honka-
nen, A. Huck, M. Huyse, A. Knipper, G. Marguier, Yu. Novikov, A. Popov, M.
Ramdhane, D. M. Seliverstov, P. Van Duppen, and G. Walter. S decay of the
proton-rich T, = —1/2 nucleus, *Kr. Phys. Rev. C, 56(2):745-752, 1997.

[170] J. Huikari, M. Oinonen, A. Algora, J. Cederkéll, S. Courtin, P. Dessagne,
L. Fraile, S. Franchoo, H. Fynbo, W. X. Huang, A. Jokinen, A. Knipper, F.
Marechal, C. Miehé, E. Nacher, K. Perédjarvi, E. Poirier, L. Weissman, and the
ISOLDE Collaboration. Mirror decay of “Sr. Eur. Phys. J. A, 16(3):359-363,
2003.

[171] L. Batist, J. Doring, I. Mukha, C. Plettner, C. R. Bingham, R. Borcea,

chinarxiv.org/items/chinaxiv-202508.00034 Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

ChinaRxiv [$X]

M. Gierlik, H. Grawe, K. Hauschild, Z. Janas, I. P. Johnstone, M. Karny, M.
Kavatsyuk, R. Kirchner, M. La Commara, C. Mazzocchi, F. Moroz, J. Pavan, A.
Plochocki, E. Roeckl, B. Salvachia, K. Schmidt, R. Schwengner, L. D. Skouras,
S. L. Tabor, and M. Wiedeking. Isomerism in  Ag and non-yrast levels in “Pd
and “°Rh, studied in 8 decay. Nucl. Phys. A, 720(3):245-273, 2003.

[172] X. Zhou, M. Wang, Y. H. Zhang, X. H. Zhou, X. L. Yan, and Y. M. Xing.
Bp-defined isochronous mass spectrometry at the storage ring CSRe. Nucl. Sci.
Tech., 35(12):213, 2024.

[173] J. Van Schelt, D. Lascar, G. Savard, J. A. Clark, S. Caldwell, A. Chaud-
huri, J. Fallis, J. P. Greene, A. F. Levand, G. Li, K. S. Sharma, M. G. Sternberg,
T. Sun, and B. J. Zabransky. Mass measurements near the r-process path using
the Canadian Penning Trap mass spectrometer. Phys. Rev. C, 85(4):045805,
2012.

[174] R. C. Greenwood and M. H. Putnam. Measurement of 5~ end-point
energies using a Ge detector with Monte Carlo generated response functions.
Nucl. Instrum. Meth. Phys. Res. A, 337(1):106-115, 1993.

[175] Mass Explorer. https://massexplorer.frib.msu.edu/content/DFT_{MassTables}.html.

[176] E. Chabanat, P. Bonche, P. Haensel, J. Meyer, and R. Schaeffer. A Skyrme
parametrization from subnuclear to neutron star densities Part II. Nuclei far
from stabilities. Nucl. Phys. A, 635(1):231-256, 1998.

[177] P. Kliipfel, P. G. Reinhard, T. J. Biirvenich, and J. A. Maruhn. Variations
on a theme by Skyrme: A systematic study of adjustments of model parameters.
Phys. Rev. C, 79(3):034310, 2004.

[178] M. Kortelainen, J. McDonnell, W. Nazarewicz, P. G. Reinhard, J. Sarich,
N. Schunck, M. V. Stoitsov, and S. M. Wild. Nuclear energy density optimiza-
tion: Large deformations. Phys. Rev. C, 85(2):024304, 2012.

[179] Z. X. Liu, Y. H. Lam, N. Lu, and P. Ring. Nuclear ground-state properties
probed by the relativistic Hartree-Bogoliubov approach. At. Data Nucl. Data
Tables, 156:101635, 2024.

[180] W. Sun, K. Y. Zhang, C. Pan, X. H. Fan, S. Q. Zhang, and Z. P.
Li. Beyond-mean-field dynamical correlations for nuclear mass table in de-
formed relativistic Hartree-Bogoliubov theory in continuum. Chin. Phys. C,
46(6):064103, 2022.

Appendix A

TABLE A1l: Newly measured masses of 296 nuclides from 2021 to 2024, in
comparison with the AME2020 data [?], where the values in brackets represent
uncertainties and # denotes extrapolated values. Inconsistent data after con-
sidering uncertainties are highlighted in red and bold. The unit of the data is
MeV.
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Nucl. New Mass AME2020 [?] B, ow — Bamg
19Ne  191.84268 (0.06900) [?] 191.84028 (0.00051)  -0.01110
20Ne  195.98389 (0.08000) [?]  195.99599 (0.02905)  -0.00781
2INe  201.57490 (0.08000) [?] 201.55030 (0.01843) -0.02608
2381 151.15127 (0.11900) [?]  #150.74200 (0.50000) -0.28823
2481 172.01359 (0.03700) [?]  172.00580 (0.01947) -0.00781
26p 187.12192 (0.01100) [?]  #187.14800 (0.50000) 0.02608
2P 206.86183 (0.00600) [?]  206.85023 (0.00900)  -0.01160
285 187.99095 (0.03900) [?]  #187.92000 (0.40000) -0.07095
31Ar - 209.11792 (0.01400) [?]  209.40615 (0.16000) 0.28823
36Ca  308.71486 (0.01900) [?]  308.71404 (0.00019) -0.00082
3Ca  306.79048 (0.00400) [?]  306.78956 (0.00004) -0.00092
39Ca  224.83964 (0.01600) [?]  #224.81200 (0.20000) -0.02764
0Ca  306.71773 (0.02700) [?]  306.71675 (0.00003)  -0.00098
41Ca  293.12102 (0.00300) [?]  293.12004 (0.00033) -0.00098
42Ca  281.40524 (0.05600) [?] 281.37168 (0.04000) -0.03356
3Ca  445.32420 (0.01200) [?] 445.36482 (0.04844)  0.04062
“Ca  431.67480 (0.00250) [?] 431.67374 (0.00252)  -0.00106
5Ca  438.45941 (0.00250) [?]  438.45829 (0.00252)  -0.00112
46Ca  443.80392 (0.00300) [?] 443.80281 (0.00307) -0.00111
4TCa  450.12063 (0.01700) [?]  450.12012 (0.01770) -0.00051
18Ca  453.86094 (0.01800) [?] 453.85982 (0.01397) -0.00112
19Ca  458.33625 (0.06200) [?] 458.33532 (0.06241) -0.00093
50Ca  359.15846 (0.00420) [?] 359.17063 (0.00572)  0.01217
51Ca  451.97665 (0.00220) [?]  451.97460 (0.00275)  -0.00205
"2Ca  464.37867 (0.02700) [?] 464.38335 (0.01584) 0.00468
Ca  468.53898 (0.00570) [?] 468.54333 (0.02888) 0.00435
S1Ca  474.19149 (0.00740) [?]  474.20517 (0.10020) 0.01368
55Ca  467.75739 (0.01000) [?] 467.75546 (0.01118)  -0.00193
56Ca  475.06790 (0.00660) [?] 475.05365 (0.02701)  -0.01425
5TCa  480.26061 (0.00620) [?] 480.18323 (0.17588) -0.07738
Ca  486.45532 (0.01500) [?]  486.50621 (0.08477) 0.05089
Ca  490.44973 (0.00560) [?]  490.57305 (0.09582) 0.12332
60Ca  496.01714 (0.00280) [?] 495.82440 (0.13740)  -0.19274
43¢ 381.98284 (0.00260) [?] 381.97587 (0.01145)  -0.00697
448 488.51374 (0.00530) [?]  488.50261 (0.00058) -0.01113
458 493.82605 (0.01200) [?]  493.81379 (0.00186) -0.01226
46S¢  501.36086 (0.00370) [?]  501.35192 (0.00298) -0.00894
7S¢ 505.54567 (0.00700) [?]  505.54737 (0.00067) 0.00170
48Sc  516.07229 (0.01400) [?]  516.07058 (0.00186)  -0.00171
98¢ 522.50160 (0.01900) [?]  522.49800 (0.00345) -0.00360
0S¢ 525.92191 (0.01800) [?]  525.89501 (0.07266) -0.02690
IS¢ 531.36222 (0.02600) [?]  531.42801 (0.29994) 0.06579
2S¢ 534.06853 (0.04500) [?]  #534.17000 (0.20000) 0.10147
“Ti  397.15638 (0.00290) [?]  397.16124 (0.00670)  0.00486
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Nucl. New Mass AME2020 [?] B, ow — Bamg
45Ti  498.00377 (0.01500) [?] 497.99273 (0.00151)  -0.01104
46T 504.40808 (0.00590) [?]  504.40534 (0.00270)  -0.00274
4TTi  512.17509 (0.00500) [?]  512.17442 (0.00233) -0.00067
48Ti  417.70212 (0.00290) [?] 417.70134 (0.00838) -0.00078
OTi  431.49953 (0.01590) [?]  431.48538 (0.00140) -0.01415
S0Ti  543.78875 (0.00540) [?]  543.78764 (0.00430) -0.00111
SIT  551.19466 (0.00530) [?]  551.19288 (0.00502)  -0.00178
52§  555.51467 (0.00840) [?] 555.51256 (0.00511)  -0.00211
Ti  562.42828 (0.01000) [?]  562.43382 (0.00410) 0.00554
PITi  566.45339 (0.00870) [?]  566.14571 (0.00382) -0.30768
°Ti  572.61080 (0.00560) [?]  #572.42400 (0.00300) -0.18680
56T 576.08521 (0.01100) [?]  #575.80500 (0.00300) -0.28021
STTi  581.70552 (0.01200) [?]  #581.56000 (0.00400) -0.14552
8Ti  586.18394 (0.08600) [?] 586.18303 (0.08570) -0.00091
Ti  590.39525 (0.01100) [?]  590.39386 (0.01099) -0.00139
45V 453.23241 (0.00270) [?]  453.22377 (0.00466) -0.00864
46y 623.82461 (0.00350) [?]  #624.07321 (0.20000)  0.24860
ATV 627.50042 (0.01470) [?7]  #627.68452 (0.20000) 0.18410
BV 467.92996 (0.00600) [?]  467.93548 (0.00011) 0.00552
OV 641.74496 (0.00200) [?]  641.71516 (0.00091) -0.02980
S0V 647.66637 (0.00470) [?]  647.66767 (0.00121) 0.00130
1V 651.66188 (0.00750) [?]  651.66518 (0.01333) 0.00330
52V 486.91570 (0.03600) [?]  486.96770 (0.05000)  0.05200
53V 667.59701 (0.00310) [?]  667.59751 (0.00223)  0.00050
4V 500.06204 (0.04600) [?]  #499.61804 (0.20000) -0.44400
%V 515.26735 (0.02100) [?]  515.22935 (0.03799) -0.03800
SV 528.16266 (0.01400) [?]  528.16266 (0.00064) 0.00000
5TV 540.80497 (0.01400) [?]  540.78738 (0.00130)  -0.01759
58V 695.02193 (0.07100) [?]  694.92377 (0.00261)  -0.09816
9V 723.94076 (0.03300) [?]  697.83210 (0.02981) -26.10866
S4Cr  517.67738 (0.04600) [?]  #517.52839 (0.14000) -0.14899
%5Cr  530.43770 (0.01500) [?]  530.38070 (0.03726) -0.05700
56Cr  702.32013 (0.01600) [?]  702.22805 (0.00224)  -0.09208
57Cr  705.95446 (0.09200) [?]  705.86073 (0.00243)  -0.09373
8Cr  711.19929 (0.03000) [?]  711.10405 (0.00317) -0.09524
9Cr  714.23992 (0.05500) [?]  714.15036 (0.00373) -0.08956
60Cr  718.79285 (0.01700) [?] 718.49818 (0.43780) -0.29467
%Mn  530.45873 (0.11000) [?]  #530.27873 (0.20300) -0.18000
56Mn  545.62604 (0.04200) [?] 54575704 (0.08477)  0.13100
STMn  594.24208 (0.02900) [?] 594.21568 (0.03200) -0.02640
Mn  652.56912 (0.04300) [?]  652.56561 (0.03200) -0.00351
Mn  659.89714 (0.07500) [?]  659.89411 (0.00088) -0.00303
®OMn  706.23135 (0.03300) [?]  706.13605 (0.00373) -0.09530
SIMn  713.86658 (0.01100) [?]  713.77128 (0.00373)  -0.09530
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62Mn  718.12251 (0.04100) [?] 718.02683 (0.00317)  -0.09568
63Mn  723.53784 (0.02800) [?]  723.43373 (0.00308)  -0.10411
64Mn  727.37847 (0.02000) [?]  727.27805 (0.00345) -0.10042
65Mn  732.10410 (0.02900) [?]  732.00513 (0.00299) -0.09897
66Mn  735.23653 (0.03100) [?]  #734.88800 (0.00200) -0.34853
67Mn  739.31766 (0.01700) [?]  #739.05600 (0.00300) -0.26166
56Fe  548.09108 (0.06100) [?]  #547.76908 (0.20000) -0.32200
5TFe  560.72939 (0.02000) [?]  560.75880 (0.06707)  0.02941
%Fe  600.32032 (0.00260) [?]  600.32237 (0.00158) 0.00205
MFe  609.61263 (0.02300) [?]  609.61030 (0.00279) -0.00233
Fe  669.49293 (0.05800) [?]  669.49119 (0.00006) -0.00174
6lFe  712.93168 (0.03400) [?] 712.84218 (0.00047)  -0.08950
62Fe  727.43924 (0.04700) [?] 727.33865 (0.00196) -0.10059
03Fe  731.97507 (0.02000) [?] 731.87588 (0.00261) -0.09919
64Fe  738.13510 (0.01200) [?] 738.03673 (0.00252) -0.09837
05Fe  742.12933 (0.03200) [?] 742.03100 (0.00224) -0.09833
66Fec  747.65896 (0.02100) [?] 747.56040 (0.00336)  -0.09856
6TFe  750.83829 (0.02100) [?]  750.73991 (0.00373)  -0.09838
®8Fe  755.80262 (0.04300) [?]  755.61905 (0.32975) -0.18357
9Fe  758.26115 (0.02600) [?] 758.47028 (0.43315) 0.20913
Co  602.16435 (0.01600) [?]  602.18387 (0.00540) 0.01952
Co  625.44887 (0.02700) [?]  625.46986 (0.00674) 0.02099
0Co  737.37589 (0.01200) [?]  737.25537 (0.00308)  -0.12052
61Co  742.48772 (0.01700) [?] 742.38347 (0.00308)  -0.10425
62Co  759.34161 (0.04800) [?]  759.23944 (0.00326) -0.10217
63Co  763.13784 (0.04300) [?] 763.03679 (0.00336) -0.10105
61Co  768.31827 (0.02500) [?] 768.21510 (0.00354) -0.10317
65Co  771.52440 (0.06400) [?] 771.41193 (0.00671)  -0.11247
6ONi  578.14976 (0.14000) [?]  #577.92976 (0.20000) -0.22000
6INi  590.95707 (0.02400) [?] 591.22807 (0.12877) 0.27100
62Ni  641.51091 (0.02600) [?]  641.50991 (0.00810) -0.00100
63Ni  766.82133 (0.01200) [?] 766.71861 (0.00214) -0.10272
6ANi  777.40029 (0.05700) [7] 777.29942 (0.00224)  -0.10087
65Ni  783.27362 (0.08500) [?] 783.16610 (0.00270)  -0.10752
66Ni  776.92679 (0.05300) [?] 776.83736 (0.00645) -0.08943
67Ni  783.40752 (0.02400) [?] 783.28815 (0.00780) -0.11937
G8Ni  667.59751 (0.00223) 667.59751 (0.00223) 0.00000
®Ni  500.06204 (0.04600) #499.61804 (0.20000) -0.44400
ONi  515.26735 (0.02100) 515.22935 (0.03799) -0.03800
TINi  528.16266 (0.01400) 528.16266 (0.00064) 0.00000
2Ni  540.80497 (0.01400) 540.78738 (0.00130) -0.01759
Ni - 695.02193 (0.07100) 694.92377 (0.00261) -0.09816
TINi  723.94076 (0.03300) 697.83210 (0.02981) -26.10866
TNi  517.67738 (0.04600) #517.52839 (0.14000)  -0.14899
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TONi  530.43770 (0.01500) 530.38070 (0.03726)  -0.05700
TTNi  702.32013 (0.01600) 702.22805 (0.00224) -0.09208
8Ni  705.95446 (0.09200) 705.86073 (0.00243) -0.09373
ONi - 711.19929 (0.03000) 711.10405 (0.00317) -0.09524
80Ni  714.23992 (0.05500) 714.15036 (0.00373) -0.08956
8INi  718.79285 (0.01700) 718.49818 (0.43780) -0.29467
S2Ni  530.45873 (0.11000) #530.27873 (0.20300)  -0.18000
83Ni  545.62604 (0.04200) 545.75704 (0.08477) 0.13100
8INi  594.24208 (0.02900) 594.21568 (0.03200) -0.02640
8Ni  652.56912 (0.04300) 652.56561 (0.03200) -0.00351
8Ni  659.89714 (0.07500) 659.89411 (0.00088) -0.00303
STNi  706.23135 (0.03300) 706.13605 (0.00373)  -0.09530
88Ni  713.86658 (0.01100) 713.77128 (0.00373) -0.09530
89Ni  718.12251 (0.04100) 718.02683 (0.00317) -0.09568
ONi  723.53784 (0.02800) 723.43373 (0.00308) -0.10411
9INi  727.37847 (0.02000) 727.27805 (0.00345) -0.10042
92Ni  732.10410 (0.02900) 732.00513 (0.00299)  -0.09897
NI 735.23653 (0.03100) #734.88800 (0.00200)  -0.34853
%Ni  739.31766 (0.01700) #739.05600 (0.00300) -0.26166
9%Ni  548.09108 (0.06100) #547.76908 (0.20000) -0.32200
%Ni  560.72939 (0.02000) 560.75880 (0.06707) 0.02941
9Ni  600.32032 (0.00260) 600.32237 (0.00158) 0.00205
NI 609.61263 (0.02300) 609.61030 (0.00279)  -0.00233
NI 669.49293 (0.05800) 669.49119 (0.00006)  -0.00174
100Ni  712.93168 (0.03400) 712.84218 (0.00047) -0.08950
10IN]  727.43924 (0.04700) 727.33865 (0.00196) -0.10059
102Nj  731.97507 (0.02000) 731.87588 (0.00261) -0.09919
103N} 738.13510 (0.01200) 738.03673 (0.00252)  -0.09837
104Nj  742.12933 (0.03200) 742.03100 (0.00224) -0.09833
105Ni  747.65896 (0.02100) 747.56040 (0.00336) -0.09856
106Ni  750.83829 (0.02100) 750.73991 (0.00373) -0.09838
107Ni  755.80262 (0.04300) 755.61905 (0.32975) -0.18357
108N} 758.26115 (0.02600) 758.47028 (0.43315)  0.20913
109Ni  602.16435 (0.01600) 602.18387 (0.00540) 0.01952
HONi  625.44887 (0.02700) 625.46986 (0.00674) 0.02099
HINi  737.37589 (0.01200) 737.25537 (0.00308) -0.12052
H2Ni  742.48772 (0.01700) 742.38347 (0.00308) -0.10425
H3Ni  759.34161 (0.04800) 759.23944 (0.00326) -0.10217
LN} 763.13784 (0.04300) 763.03679 (0.00336)  -0.10105
U5Ni  768.31827 (0.02500) 768.21510 (0.00354)  -0.10317
HONi  771.52440 (0.06400) 771.41193 (0.00671) -0.11247
HTNi  578.14976 (0.14000) #577.92976 (0.20000) -0.22000
H8Ni  590.95707 (0.02400) 591.22807 (0.12877) 0.27100
L9N}  641.51091 (0.02600) 641.50991 (0.00810)  -0.00100
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120Ni  766.82133 (0.01200) 766.71861 (0.00214) -0.10272
12INi  777.40029 (0.05700) 777.29942 (0.00224) -0.10087
122Nj  783.27362 (0.08500) 783.16610 (0.00270) -0.10752
123Ni  776.92679 (0.05300) 776.83736 (0.00645) -0.08943
124Ni  783.40752 (0.02400) 783.28815 (0.00780) -0.11937
125Ni  667.59751 (0.00223) 667.59751 (0.00223) 0.00000
126Ni  500.06204 (0.04600) #499.61804 (0.20000) -0.44400
127Ni  515.26735 (0.02100) 515.22935 (0.03799) -0.03800
128Nj  528.16266 (0.01400) 528.16266 (0.00064) 0.00000
129Ni  540.80497 (0.01400) 540.78738 (0.00130) -0.01759
130Ni  695.02193 (0.07100) 694.92377 (0.00261) -0.09816
13INi  723.94076 (0.03300) 697.83210 (0.02981) -26.10866
132Ni  517.67738 (0.04600) #517.52839 (0.14000) -0.14899
133Ni  530.43770 (0.01500) 530.38070 (0.03726) -0.05700
134Ni  702.32013 (0.01600) 702.22805 (0.00224) -0.09208
135Ni  705.95446 (0.09200) 705.86073 (0.00243) -0.09373
136Ni  711.19929 (0.03000) 711.10405 (0.00317) -0.09524
I3TNi - 714.23992 (0.05500) 714.15036 (0.00373) -0.08956
I38Ni  718.79285 (0.01700) 718.49818 (0.43780) -0.29467
139Ni  530.45873 (0.11000) #530.27873 (0.20300)  -0.18000
H40Ni  545.62604 (0.04200) 545.75704 (0.08477) 0.13100
HINi - 594.24208 (0.02900) 594.21568 (0.03200) -0.02640
M2Ni  652.56912 (0.04300) 652.56561 (0.03200) -0.00351
M3Ni  659.89714 (0.07500) 659.89411 (0.00088) -0.00303
44Ni  706.23135 (0.03300) 706.13605 (0.00373) -0.09530
45Ni  713.86658 (0.01100) 713.77128 (0.00373) -0.09530
H6Ni - 718.12251 (0.04100) 718.02683 (0.00317) -0.09568
MTNi - 723.53784 (0.02800) 723.43373 (0.00308) -0.10411
HM8Ni  727.37847 (0.02000) 727.27805 (0.00345) -0.10042
HONi  732.10410 (0.02900) 732.00513 (0.00299) -0.09897
150Ni  735.23653 (0.03100) #734.88800 (0.00200) -0.34853
I5INi - 739.31766 (0.01700) #739.05600 (0.00300) -0.26166
TABLE A2. Measurement methods and sources of the experimental data in
TABLE Al.
Method Source References
Bp-time-of-flight S800 spectrograph [147]

(Bp-TOF)
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Method Source References
Bp-defined Radioactive Isotope  [124,130,136,141]
isochronous mass Beam Line in

spectrometry Lanzhou-

(Bp-IMS) experimental Cooler

Storage ring mass
spectrometry
Ton trap

Multiple-reflection
time-of-flight
(MR-TOF)

Canadian Penning
trap (CPT)

Jyvaskylan
Yliopiston Fysiikan
Laitos
(JYFLTRAP)
Fragment Separator
Ion Catcher Gas
Cell (GC)
TRIUMEF’s Ion Trap
for Atomic and
Nuclear science
(TITAN)

Storage Ring
(RIBLL2-CSRe)
RIBLL2-CSRe

Radioactive Isotope
Beam Factory
(RIBF)

Isotope Separator
On-Line Device
tandem Penning
trap mass
spectrometer
(ISOLTRAP)
Low-Energy Beam
and Ton Trap
(LEBIT)
ISOLTRAP

KEK Isotope
Separation System

(KISS)

[139]

[149]

[123,128,129,132,133,137,143,154,160,161]

[152]

[148,155,156,159)

[142]

[158]

[131,138,146]

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202508.00034

Machine Translation


https://chinarxiv.org/items/chinaxiv-202508.00034

	Benchmarking nuclear energy density functionals with new mass data
	Abstract
	Full Text
	Benchmarking Nuclear Energy Density Functionals with New Mass Data
	Introduction
	II. Theoretical Framework
	III. Results and Discussion
	IV. Summary
	References
	Appendix A


