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6School of Physics and Astronomy, The University of Manchester, Manchester, United Kingdom

7Oliver Lodge Laboratory, University of Liverpool, Liverpool, United Kingdom
8Department of Materials Science and Applied Mathematics, Malmö University, Malmö, Sweden

9Institute of Theoretical Physics and Astronomy, Vilnius University, Vilnius, Lithuania
10CSNSM, CNRS-IN2P3, Université Paris-Sud, Université Paris-Saclay, Orsay, France

11Instituut voor Kern- en Stralingsfysica, KU Leuven, Leuven, Belgium
12Chimie Quantique et Photophysique, Université libre de Bruxelles, Brussels, Belgium

13Institut für Kernphysik, Technische Universität Darmstadt, Darmstadt, Germany
14Institut für Physik, Universität Greifswald, Greifswald, Germany

15Technische Universität Wien, Vienna, Austria
16Department of Physics and Astronomy and FRIB Laboratory, Michigan State University, East Lansing, Michigan, USA

17Institut für Kernchemie, Universität Mainz, Mainz, Germany
18Division of Mathematical Physics, Department of Physics, Lund University, Lund, Sweden

19Department of Chemistry, University of Helsinki, Helsinki, Finland
20Institut für Theoretische Physik II, Universität Erlangen-Nürnberg, Erlangen, Germany

21Technische Universität München, Munich, Germany
22GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany

23School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing, China
(Dated: June 3, 2020)

Tin is the chemical element with the largest number of stable isotopes. Its complete proton shell,
comparable with the closed electron shells in the chemically inert noble gases, is not a mere precursor
to extended stability; since the protons carry the nuclear charge, their spatial arrangement also
drives the nuclear electromagnetism. We report high-precision measurements of the electromagnetic
moments and isomeric differences in charge radii between the lowest 1/2+, 3/2+, and 11/2− states
in 117-131Sn, obtained by collinear laser spectroscopy. Supported by state-of-the-art atomic-structure
calculations, the data accurately show a considerable attenuation of the quadrupole moments in the
closed-shell tin isotopes relative to those of cadmium, with two protons less. Linear and quadratic
mass-dependent trends are observed. While microscopic density functional theory explains the global
behaviour of the measured quantities, interpretation of the local patterns demands higher-fidelity
modelling.

Nuclear science greatly relies on observations, not only in
naturally-occurring, but also in laboratory-synthesized nu-
clides, which represent the majority of approximately 3000
species discovered to date [1]. Either type can be studied
by laser spectroscopy, a non-destructive experimental tech-
nique probing the hyperfine splitting of atomic energy lev-
els induced by the nuclear electromagnetism. An electric
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quadrupole moment, for instance, reflects an anisotropic
(deformed) charge distribution within the nucleus [2]. Ap-
preciable nuclear deformation is primarily found in species
with open shells for both protons and neutrons [3, 4]. The
tin isotopes, with their proton core complete (spherical),
may still acquire quadrupole moments through the geom-
etry of valence neutron orbitals. Those can be discussed
in terms of schematic theoretical descriptions such as the
seniority or generalized-seniority models [5, 6], which ex-
plain the striking regularities previously observed, e.g. the
nearly-constant energy of excited states and simple pat-
terns exhibited by other quantities [7–9]. When looking
into details, however, deviations from regular behaviour are
revealed as fingerprints of the underlying nucleonic shell
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FIG. 1. Experimental arrangement and level scheme in the neutral atom of Sn. a, From left to right: linear Paul trap for ion-
beam bunching; continuous-wave laser beams; electrostatic elements: deflector, quadrupole triplet, cylinder lens; alkali-vapour cell;
optical detection: fused-silica aspheric lenses, photomultiplier tubes. b, Partial energy level scheme of neutral tin indicating the studied
excitations and the subsequent fluorescence used for detection. The shaded areas indicate the groups of 5p2 and 5p6s levels.

structure and many-body correlations [10–13].

Here we study the odd-mass isotopes 117-131Sn. An 11/2−

state with an unpaired neutron confined by the rules of
quantum mechanics to the unique-parity h11/2 orbital is
present in each case. The remaining valence orbitals in
the neutron shell have the opposite parity and consider-
ably lower angular momenta, which results in isomerism
(metastability of an excited nuclear state). Quadrupole mo-
ments in the closed-shell tin isotopes are found at variance
with those in the cadmium isotopes having two protons less.
Differences in radii between nuclear ground and isomeric
states, on the other hand, are shown to remain surprisingly
similar. Calculations in the framework of nuclear density
functional theory with recently optimized input describe the
global behaviour of the experimental observables. Interpre-
tation of the local patterns, however, calls for a dedicated
microscopic modelling.

Results and discussion
Measurements. Short-lived nuclei, naturally occurring
only in astrophysical phenomena such as supernovae ex-
plosions [14], are synthesized on Earth using particle ac-
celerators. The tin isotopes for this study were produced at
the CERN-ISOLDE laboratory [15] by uranium fission using
fast protons travelling with more than 90% of the speed of
light. Prior conversion to neutrons increased the fission pu-
rity [16]. Tin atoms were laser ionized, accelerated to an
energy of 40 or 50 keV to form a continuous beam of fast-
travelling ions, and mass separated. Typically, each 100-ms
segment of the beam was compressed into an ion bunch
with a temporal width of less than 10 µs using a linear
Paul trap [17]. Individual bunches were subsequently re-
leased, re-accelerated, and guided with a dedicated set of
electrostatic optics into a volume of vaporized sodium for

neutralization. Narrow-bandwidth continuous-wave laser
light was introduced along the axis of ion/atom propaga-
tion. The atomic-beam energy and the associated Doppler-
shifted laser frequency were defined at the sodium charge-
exchange cell, whose electrostatic potential was scanned
in search of resonant atomic-beam fluorescence. The lat-
ter was collected by telescopes of aspheric lenses and im-
aged onto the photocathodes of photomultiplier tubes for
single-photon counting. The measurements were correlated
with the timing structure of the atomic beam, which allowed
substantial background suppression and high sensitivity. A
sketch of the experimental arrangement is shown in Fig. 1a.

Laser excitation of tin atoms was performed using the two
complementary transitions in Fig. 1b to resolve the nu-
clear properties, as described in Methods. The laser sys-
tem comprised a diode-pumped solid-state laser, a tunable
laser using either dye or titanium-sapphire as the active
medium, and a second-harmonic-generation cavity. Two
nuclear states were detected for each odd-mass isotope in
the range 117-131Sn, as shown in Fig. 2. The hyperfine struc-
ture is characterized by a sizeable quadrupole splitting in
the 5p6s 1Po

1 state and a large magnetic splitting in the
5p6s 3Po

1 state. The two are correlated through the nuclear
electromagnetic properties and are thus fitted simultane-
ously. All results are shown in Tab. I. The magnetic moments
therein incorporate the latest computation of the absolute
shielding constant in tin [18]. The accuracy of quadrupole
moments is ensured by the theoretical work outlined in the
following.

Atomic structure calculations. The fully relativistic
multiconfiguration Dirac-Hartree-Fock (MCDHF) method
was employed to calculate the magnetic dipole hyperfine-
structure constants and electric-field gradients in the
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FIG. 2. Fluorescence spectra of 131Sn. Hyperfine structure in the: a, 5p6s 1Po
1 state; b, 5p6s 3Po

1 state. The fitted black curves comprise
a 3/2+ nuclear ground state, represented by the dashed white lines, and an 11/2− isomer, represented by the solid blue lines. Hyperfine
levels are denoted by the individual total angular-momentum quantum number.
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1 states of tin (see Methods for def-
inition of these quantities). Three independent series of
large-scale calculations were performed, adopting differ-
ent computational strategies and correlation models using
the General Relativistic Atomic Structure Package computer
codes GRASP2K [19] and GRASP2018 [20], based on the
same relativistic MCDHF theory and methodology [21, 22].
Classes of electron excitations adopting different multiref-
erence spaces and active orbital sets were investigated in
detail to clarify the role of electron correlation in the rele-
vant matrix elements. A combined effort was put in assess-
ing the reliability of the resulting ab initio electronic fac-
tors involved in M1 and E2 hyperfine interactions for both
levels [23]. The quadrupole moments from this work are
obtained with the electric-field gradient 706(50) MHz/b in
the singlet state, which is the mean value resulting from
the aforementioned calculations. With regard to the dipole
hyperfine constants in the triplet state, cross-checking cal-
culations were performed using the configuration inter-
action Dirac-Fock-Sturm (CI-DFS) method [24]. The hy-
perfine anomaly (see Methods) was estimated in separate
mulitireference calculations for each isotope using a Fermi
charge distribution with adopted root mean square radius
and a parametrized squared harmonic-oscillator wave func-
tion of the last unpaired neutron as magnetization distribu-
tion [25]. It reaches a maximum at 119g∆131m = 0.05% due
to the limited overlap between the 3s and 1h nuclear wave
functions and partly due to the increase in the charge radius
between the two isotopes. The anomaly between positive-
parity states was found to be negligible with respect to the
experimental precision.

Experimental trends. The data on quadrupole moments
and differences in mean square charge radii between nu-
clear ground and isomeric states are compared in Fig. 3
with values measured in the cadmium isotones [27–29]. A

number of key observations are worth being pointed out:
(i) There is a significant attenuation of the quadrupole mo-
ments of tin (Z = 50) with respect to cadmium (Z = 48).
Note that the observed charge (proton) quadrupole moment
originates from the nuclear response to an odd neutron in
a d3/2 or an h11/2 single-particle state. (ii) The fitted trends
in Figs. 3a and 3b cross each other close to zero, i.e., the
h11/2 orbital is half full [5, 6] for both tin and cadmium at
N = 73, as is d3/2 at N = 75. (iii) The quadrupole mo-
ments of tin in the 11/2− states are by a factor of about
two larger in magnitude than those in the 3/2+ states. This
is consistent with a stronger quadrupole polarization ex-
erted by unique-parity h11/2 nucleons. (iv) All trends are
remarkably smooth, often near linear, at most quadratic.
(v) The quadrupole moments of the 11/2− states in tin ex-
hibit a quadratic behaviour with changing neutron number,
strikingly different from the linear trend observed along the
cadmium chain. (vi) The pattern is unexpectedly reversed
for the 3/2+ states whose quadrupole moments change
linearly for tin and quadratically for cadmium. (vii) Re-
evaluated values for 113, 115, 119Sn [26] in Figs. 3a and 3b are
consistent with the trends defined by the heavier isotopes.
These are independently calibrated to experimental γ-decay
rates, thus showing consistency between nuclear data and
atomic theory. (viii) The measured mean square charge-
radii changes in Fig. 3c are fairly similar for tin and cad-
mium. All these features are discussed in the following.

Nuclear structure calculations. The theoretical analysis at
the level of nuclear Density Functional Theory [30] (DFT)
employs the standard Skyrme functional SV-min [31] and
the recently optimized Fayans functional Fy(∆r, HFB) [32],
the latter containing gradient terms in surface and pairing
energies [33, 34]. Both models are optimized to the same
large set of basic ground-state nuclear data [31]. In ad-
dition, Fy(∆r, HFB) accommodates the isotopic shifts of
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FIG. 3. Sn vs. Cd: a, 11/2− quadrupole moments. b, 3/2+ quadrupole moments. Correlated uncertainties originating from the electric-
field gradients are smaller than the dots. c, Mean square charge-radii changes for the 11/2− states relative to the 1/2+ (N ≤ 71) and
3/2+ (N ≥ 71) states. Shaded bands represent systematic uncertainties originating from the field-shift coefficients. The literature values
are taken from Refs. [26–28].

charge radii in the calcium chain, a feature which could only
be achieved by invoking the Fayans gradient terms [32, 35].
The calculations for the charge radius, which is an isotropic
observable, were done in spherical approximation with pair-
ing handled at Hartree-Fock-Bogoliubov (HFB) level. The
odd nucleons were treated within the blocking ansatz [36].
In principle, the odd nucleon polarizes the nucleus and so
perturbs the spherical shape. The impact of this polarization
effect on charge radii and correlations beyond mean field
are small for heavier spherical species as the tin isotopes
[37, 38]. To check the uncertainty from the spherical mean-
field approximation, we performed more elaborate blocked
HFB calculations allowing axial deformations and spin po-
larization for the case of the SV-min model. In this variant,
each magnetic sub-state produces a slightly different radius
whose average is very close to the spherical result. This sup-
ports our spherical calculations and the variance of charge
radii within a jm shell delivers an estimate of their theoret-
ical uncertainties.

Figure 4a shows the quadrupole moments of 11/2− states
in tin and cadmium which were obtained by blocking the
m = 11/2 magnetic substate of the h11/2 orbital in calcula-
tions that break spherical symmetry. It is satisfactory to see
that the general experimental pattern in Fig. 3a is repro-
duced. Namely, the quadrupole moments exhibit a smooth
increase as a function of the neutron number, with the

quadrupole moments of tin being reduced in magnitude rel-
ative to cadmium. The enhanced quadrupole correlations in
cadmium stem from the enhanced polarizability through the
two g9/2 proton holes [39, 40]. Indeed, in the nuclear shell
model [41] and in nuclear DFT [42], deformation is primar-
ily driven by the isoscalar neutron-proton (quadrupole) in-
teraction, acting against the sphericity-favouring monopole
force, which includes the isovector pairing interaction. Ac-
cording to the seniority coupling scheme [5–7], the spec-
troscopic quadrupole moment should vanish at mid-shell.
In SV-min, the neutron h11/2 shell becomes half-filled at
N = 75, as seen in Fig. 4a. Experimentally, the zero
crossover point is at N = 73, which suggests that the single-
particle energy of the h11/2 shell is perhaps not optimal in
our model. This nicely demonstrates that the present high-
precision data on quadrupole moments deliver extremely
sensitive criteria for probing the shell structure of a model.

Theoretical values for the isomeric charge-radii shifts of the
odd-mass tin isotopes are displayed in Figs. 4b and 4c. The
error bars on the SV-min results indicate the estimated un-
certainty of the spherical approach as compared to calcu-
lations allowing shape deformation as well as spin polar-
ization and subsequent angular momentum projection, as
explained above. We expect similar uncertainty for the
Fy(∆r, HFB) model. One finds an acceptable agreement
for the charge radii difference between the 11/2− and the
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in tin and cadmium isotopes computed with the Skyrme density
functional SV-min [31]. b and c, Mean square charge-radii changes
for the 11/2− states relative to the 1/2+ and 3/2+ states in tin
obtained with SV-min and the Fayans functional Fy(∆r, HFB) [32].

3/2+ states, with a preference towards the Fy(∆r, HFB) de-
scription, especially when considering the theoretical uncer-
tainty. This is not the case for the radii changes between the
11/2− and the 1/2+ states, since the experimental data ap-
proach the upper end of theoretical results in Fig. 4b. A
word of caution is in order here: the 1/2+ state is par-
ticularly prone to a dynamical coupling with low-energy
quadrupole vibrations which is expected to enhance the
charge radius.

The trends of quadrupole moments, linear versus quadra-
tic, are different for cadmium and tin owing to a signifi-
cant configuration dependence. The latter does not cause
a substantial deviation between the corresponding mean
square charge-radii changes. Future theoretical analysis
would need to address these features in greater detail to-
gether with variations of the magnetic moments shown in
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Fig. 5. Any connection with the quadrupole moments of the
lowest 2+ states in the even-even isotopes [46, 47] should
also be examined.

Perspective. Complex systems often display regular pat-
terns. Atomic nuclei, composite structures consisting of
hundreds of nucleons, are no exception; they often behave
as ordered systems obeying elementary rules [5]. The rea-
son for such simplicities is the presence of many-body sym-
metries resulting in a collective nucleonic motion. A chal-
lenge for the modern microscopic theory is to explain the
origin of underlying symmetries.

In this work, we showed that electromagnetic properties of
tin nuclei evolve from one isotope to another in a simple
way: along a line or parabola. The microscopic mechanisms
behind the observed behaviour are rooted in many-body po-
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larization effects. While the general trends are explained by
theory, the regularities seen at high experimental resolution
provide a strong motivation for further theoretical develop-
ments.

Similar effects are expected to be common for nuclei whose
valence nucleons move in a unique-parity shell. Dedicated
studies would be required to refine the systematics in lead
and mercury isotopes [48], which are the closest analogues
of tin and cadmium in terms of nuclear structure. While ini-
tial assessments could be made by in-source measurements
[49, 50], the high-resolution spectroscopic techniques em-
ployed here, in combination with advanced atomic calcula-
tions, will be essential for developing further understanding
of complex nuclear systems.

Methods
Hyperfine structure. The electromagnetic interaction of the nu-
cleus with the electron environment in an atom causes splitting of
the energy levels which is about a millionth of the fine-structure
splitting, hence the term hyperfine structure. The energy shift of
the individual hyperfine components equals:

EF − EJ = A
k
2
+ B

3k(k+ 1)− 4I(I + 1)J(J + 1)
8I(2I − 1)J(2J − 1)

,

where A = µB0/(I J) is proportional to the nuclear magnetic mo-
ment µ and the average magnetic-flux density at the origin B0,
B = eQVJJ is proportional to the nuclear quadrupole moment Q
and the average electric-field gradient at the origin VJJ , F = I+ J
is the total angular momentum of the atom, and k = F(F + 1) −
I(I +1)− J(J +1). The hyperfine-structure splitting is determined
by the A and B parameters whose values are obtained from exper-
iment. The decay rate per atom, commonly refereed to as Racah
intensities [51], is given by:

R
n
=
γ

3τ
(2J1 + 1)(2F1 + 1)(2F2 + 1)

(2I + 1)(2J2 + 1)

§

J2 F2 I
F1 J1 1

ª2

,

where τ is the lifetime of the excited atomic state and γ is the
ratio between the induced and spontaneous emission coefficients,
which incorporates the laser intensity and the spectral lineshape.

Hyperfine anomaly. The A hyperfine constant is influenced by
the extended nuclear magnetization, known as Bohr-Weisskopf ef-
fect, and the extended nuclear charge distribution, known as Breit-
Rosenthal-Crawford-Schawlow correction. Both contribute to the
hyperfine anomaly:

1∆2 =
A1

A2

I1

I2

µ2

µ1
− 1.

Following justification by atomic calculations, the anomaly is ne-
glected in our analysis. However, its estimated contribution to the
11/2− magnetic moments is predicted to be on the level of the ex-
perimental precision and it is therefore incorporated into the final
uncertainties quoted in Tab. I, as further discussed.

Isomer shifts. A change in the nuclear mean square charge radius
between a nuclear ground state and an isomer results in a com-
mon energy displacement of all levels in a given hyperfine mul-
tiplet. The combined effect in a transition between two atomic

levels is manifested in spectra from laser spectroscopy as an ap-
parent “isomer shift”. For example, in Fig. 6, this causes the pat-
tern of peaks associated with the 11/2− state in the right column
to “walk” towards higher frequencies in the heavier isotopes. The
isomer (frequency) shift is a product of the electronic factor, re-
lated to a change in the total electronic charge density at the site
of the nucleus, and a change in the nuclear mean square charge
radius:

δν= Fλδ〈r2〉.

Distinction should be made between Fλ and the total angular-
momentum quantum number F introduced earlier. The effect from
a change in the nuclear mass is negligible.

Fitting of multiple spectra. Routines for fitting multiple spectra
were developed in the ROOT data analysis framework [52], mak-
ing use of the WrappedMultiTF1 class for enveloping individual fit
functions under a common χ2. Spectra of the stable 1/2+ ground
states in 115, 117, 119Sn, free of quadrupole splitting, were used to
determine the proportionality of A factors between the singlet and
the triplet state. With this condition applied to the spectra of 109Sn
and 133Sn, which are unperturbed by the presence of an isomer,
one obtained the ratio of B factors. Individual masses were used
for ground and isomeric states [53]. The isomer shifts were con-
strained to one another by a King plot [54] of data on the even-
even isotopes. The three aforementioned ratios are presented in
Tab. I. Voigt lineshapes were used with a predominant Lorentzian
component emerging from the fits. Resolved lines were fitted with
free intensities. The heights of overlapping lines were locked to
each other, or to other resolved lines when available, by using the
Racah intensities. As constrained above, the fits fully determine
the nuclear spins.

Nuclear properties. Using frequency ratios from nuclear mag-
netic resonance of the 1/2+ states in 115, 117, 119Sn [55], and the
latest evaluation of the magnetic moment of 119Sn [18] with an
adopted uncertainty of 0.01% [56], one arrives at a high-precision
magnetic moment for each of the three isotopes, as given in
Tab. I. These in combination with their corresponding A factors
in the triplet state are used to determine the ratio AIµN/(hµ) =
2396.6(7) MHz through a weighted mean, which is then used to
extract magnetic moments for the rest of the isotopes. A small
hyperfine-anomaly contribution of 0.05% (see the main text) is
added in quadrature to the uncertainties of the 11/2− magnetic
moments. The quadrupole moments are determined in the sin-
glet state with the electric-field gradient B/(hQ) = 706(50)MHz/b
from this work. Using the B ratio reported in Tab. I, the electric-
field gradient in the triplet state is found to be −173(17) MHz/b.
Both are substantially stronger in comparison with semi-empirical
estimates adopted in former studies [44, 45, 57]. This has had an
impact on the results of a recent phenomenological analysis [58].
Mean square charge-radii changes are extracted in the triplet state
with the field shift δν/δ〈r2〉= 0.274(57) MHz/µb [38].

Data availability
The authors declare that the data supporting this study are pub-
lished within the paper as histograms in Fig. 6.
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FIG. 6. Fitted fluorescence spectra of 109, 117-131Sn. The common frequency scales are relative to the fine-structure splittings in the
transitions 5p2 3P0 → 5p6s 3Po

1 and 5p2 1S0 → 5p6s 1Po
1 . Positive- and negative-parity states are represented by dashed and solid lines,

respectively. Solid lines in the right column also show the sum fit function. 119Sn is studied from a mass marker to observe only the stable
1/2+ g.s., and after target irradiation to detect the radioactive 11/2− state. Spectra of the stable g.s. in 115, 117Sn (similar to 119Sn g.s.)
are not shown. 133Sn, used together with 109Sn for calibration of the B-ratio, will be published elsewhere.
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TABLE I. Experimental results on 109, 115-131Sn. Content of each column, from left to right: isotopes; measured nuclear spins I with
parity assignments π; magnetic dipole hyperfine constants A in the 5p6s 3Po

1 state; isomer shifts relative to the unique-parity state
δνe,o = νodd-parity state − νeven-parity state, i.e., odd “o” − even “e”; electric quadrupole hyperfine constants B in the 5p6s 1Po

1 state; mag-
netic dipole moments µ in nuclear magnetons µN; mean square charge-radii changes relative to the unique-parity state δ〈r2〉e,o =
δ〈r2〉odd-parity state − δ〈r2〉even-parity state; electric quadrupole moments Q with systematic uncertainties from the computed electric-field gra-
dient and the experimental field-shift factor shown in the second sets of parentheses. In the SI system of units 1 b= 100 fm2 = 10−28 m2.

Iπ A (MHz) δνe,o (MHz) B (MHz) µ (µN) δ〈r2〉e,o (µb) Q (mb)
109Sn 5/2+ −1035.8(6) +154(5) −1.081(1) +218(7)(15)
115Sn 1/2+ −4394(2) −0.9167(1)
117Sn 1/2+ −4783(2) −0.9983(1)
117Sn 11/2− −606.9(3) −12(2) −186(4) −1.393(1) −46(5)(11) −263(6)(19)
119Sn 1/2+ −5011(3) −1.0448(1)
119Sn 11/2− −609.6(4) −10(2) −123(3) −1.399(1) −37(5)(9) −175(4)(12)
121Sn 3/2+ +1115(2) −39(3) +0.698(1) −56(4)(4)
121Sn 11/2− −603.0(3) −16(3) −65(2) −1.384(1) −60(10)(16) −93(3)(7)
123Sn 3/2+ +1153(2) −17(3) +0.722(1) −24(4)(2)
123Sn 11/2− −595.7(3) −6(2) −8(2) −1.367(1) −22(7)(8) −12(3)(1)
125Sn 3/2+ +1179(2) +13(4) +0.738(1) +18(6)(1)
125Sn 11/2− −586.8(2) +12(2) +43(2) −1.347(1) +42(8)(12) +61(2)(4)
127Sn 3/2+ +1190(3) +37(9) +0.745(2) +53(13)(4)
127Sn 11/2− −576.6(3) +32(5) +79(2) −1.323(1) +118(17)(30) +111(3)(8)
129Sn 3/2+ +1190(2) +64(4) +0.745(2) +90(6)(6)
129Sn 11/2− −565.1(2) +64(2) +117(2) −1.297(1) +235(8)(50) +166(3)(12)
131Sn 3/2+ +1195(1) +62(2) +0.748(1) +88(2)(6)
131Sn 11/2− −552.2(2) +107(1) +143(2) −1.267(1) +391(4)(81) +203(3)(14)

5p6s 3Po
1 5p2 3P0→ 5p6s 3Po

1 5p6s 1Po
1

A(1Po
1 )

A(3Po
1 )
= 0.0517(2)

B(3Po
1 )

B(1Po
1 )
= −0.25(2)

δν(1S0→1Po
1 )

δν(3P0→3Po
1 )
= 0.91(2)
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Grant, “New version: GRASP2K relativistic atomic structure
package,” Comput. Phys. Commun. 184, 2197 (2013).

[20] C. Froese Fischer, G. Gaigalas, P. Jönsson, and J. Bieroń,
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