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The dipole polarizability of stable even-mass tin isotopes 112.114.116.118,120.124gpy \ya5 extracted from
inelastic proton scattering experiments at 295MeV under very forward angles performed at RCNP.
Predictions from energy density functionals cannot account for the present data and the polarizability
of 208ph simultaneously. The evolution of the polarizabilities in neighboring isotopes indicates a kink at
1205n while all model results show a nearly linear increase with mass number after inclusion of pairing

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
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1. Introduction

Determination of the nuclear Equation of State (EoS) is one of
the major goals of current nuclear physics research [1], both ex-
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perimentally and theoretically. Its knowledge is e.g. required for
an understanding of astrophysical events like core-collapse super-
novae [2] or the formation [3] or the mass and radius [4,5] of neu-
tron stars. In particular, the observation of a neutron star merger
through the detection of gravitational waves [6] and the associated
electromagnetic spectrum provides a multitude of new experimen-
tal information, whose interpretation crucially depends on the EoS
of neutron-rich matter [7,8].
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The largest uncertainty of the EoS of proton-neutron asymmet-
ric matter stems from the symmetry energy term. Since the sym-
metry energy cannot be measured directly, experimental observ-
ables are sought that show a close correlation with its properties.
The two most promising identified so far are the thickness of the
neutron skin formed in heavy nuclei and the dipole polarizabil-
ity, see e.g. Ref. [9]. The volume terms of nuclear energy density
functional (EDF) theory - presently the most successful approach
to the microscopic description of heavy nuclei - are directly re-
lated to nuclear bulk parameters such as the incompressibility K
or the symmetry energy | and those bulk parameters often have a
near one-to-one correspondence to nuclear observables. In partic-
ular, the symmetry energy J shows a strong correlation with the
slope of symmetry energy L, the neutron skin thickness (r, —rp),
and the dipole polarizability ap which has attracted much at-
tention [1,10-17]. Accordingly, there is renewed interest in the
measurement of the electric dipole strength or the corresponding
photoabsorption cross sections in nuclei for an extraction of the
dipole polarizability ap from inverse moments of the E1 sum rule
[18]

dEy, (1)

hc Oabs 8 / B(E1)
op E

=) =5 |

x =
where Ey is the excitation energy, B(E1) the reduced electric dipole
transition strength and o,ps the photoabsorption cross section.

In principle, the determination of op requires data at all exci-
tation energies. However, it is well known from extensive studies
in the past [19,20] that most of the E1 strength is concentrated
in the IsoVector Giant Dipole Resonance (IVGDR). Furthermore, the
contribution from the high-energy region above the IVGDR is di-
minished by the inverse energy weighting in Eq. (1). On the other
hand, the role of low-energy strength is enhanced. Heavy nuclei
show resonance-like structures of isovector E1 strength below the
IVGDR, typically around the neutron threshold, often called Pygmy
Dipole Resonance (PDR). The PDR is observed in nuclei with neu-
tron excess and thought to originate from those outermost neu-
trons that display a soft spatial correlation with respect to the
other nucleons forming the core of the nucleus under study. This
feature points towards a sensitivity of the Energy-Weighted Sum
Rule (EWSR) exhausted by the PDR on the neutron pressure below
saturation density and thus to a correlation with the properties of
the EoS. However, the structure underlying the PDR and the result-
ing properties are not systematically understood yet [21,22] and a
simple relation to bulk properties is questionable [23].

Recently, inelastic proton scattering at energies of a few hun-
dred MeV and very forward angles including 0° has been estab-
lished as a new method to extract the complete E1 strength in
heavy nuclei from low excitation energies across the giant reso-
nance region [24]. Under this particular kinematics selective exci-
tation of E1 and spin-M1 dipole modes is observed. Their contri-
butions to the cross sections can be separated either by a Multi-
pole Decomposition Analysis (MDA) of the cross sections [25] or
independently by the measurement of a combination of polariza-
tion transfer observables [24,26]. Good agreement of both methods
was demonstrated for reference cases [14,26,27] indicating that the
much simpler measurement of cross sections using an unpolarized
beam and employing the MDA thereof is sufficient for a reliable
extraction of the E1 strength distribution.

Two different driving agents for the evolution of the dipole
polarizability are conceivable, viz. neutron excess and the gen-
eral trend with mass number A (i.e., the size) both dependent on
the symmetry energy. The chain of proton-magic tin nuclei is of
particular interest because the underlying structure changes little
between neutron shell closures N =50 and 82 and thus high-
lights the role of neutron excess. Accordingly, a variety of model
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Fig. 1. Double differential cross section of the ''6Sn(p,p’) reaction at E, =295 MeV
and scattering angles ®y,, = 0°, 2.5° and 4.5°.

calculations have been performed attempting to explore this con-
nection [11,13,15,28-42]. While the correlation of ap, J and L in
EDF models is robust [12], quantitative predictions differ consider-
ably because the static isovector properties of the interactions are
usually poorly constrained by the data used to determine the inter-
action parameters. The present letter reports on a systematic study
of the dipole polarizability in the stable even-mass tin isotopes and
provides an important benchmark for the attempts to develop in-
teractions with predictive power as a function of nuclear mass and
neutron excess.

2. Experiment

The experiments were performed at the Research Center for
Nuclear Physics (RCNP), Osaka University, using the Grand Raiden
Spectrometer [43]. The proton beam had an energy E, = 295
MeV. Typical beam currents were between 2 and 20nA, depend-
ing on the spectrometer angle. Data were taken at central spec-
trometer angles 0°, 2.5° and 4.5°. Highly enriched self-supporting
targets of 112:114.116,118.120.124gpy jth areal densities between 3
and 7mg/cm? and isotopic enrichments >90% were used. The
dispersion-matching technique enabled measurements with energy
resolutions between 30 and 40 keV (full width at half maximum,
FWHM). The experimental techniques and the raw data analysis
are described in Ref. [44] and specific to the present experiment
in Ref. [45]. Data taking for 12°Sn was limited to a cross check
of experimental cross sections obtained in a previous experiment
[14,46].

Typical spectra at the three main spectrometer angles are
shown in Fig. 1 for 116Sn by way of example. The dominance of rel-
ativistic Coulomb excitation expected for the kinematics at scatter-
ing angles close to 0° [24] suggests that the prominent excitation
centered at about 15 MeV is due to the IVGDR. At lower excitation
energies a pronounced structure is visible which also slowly dis-
appears with increasing scattering angle. The angular dependence
indicates a dipole character of the excited states underlying this
structure as demonstrated in the next section.

3. Multipole Decomposition Analysis

A MDA of the cross section angular distributions was performed
based on a least-squares fit of the type

da@AE daglE) 2_ . 2)
Xi: d_Q( is x)exp_d_Q( i» Ex)th ] =min,

where

da(e Edm=Y a da(e Ex, OX) +bda(o) (3)
do s Ex)th = e O)LdQ s Ex, DWBA FTo) QFS»
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Fig. 2. Results of the MDA for three different excitation energy bins at 8, 15 and
23 MeV indicated by vertical dashed lines, respectively, shown for the example of
116

Sn.

with the condition that all coefficients ap; and b were positive.
The spectra were analyzed in 200keV bins. The angular accep-
tance of the spectrometer of +2.7° allowed to generate five data
points per angle and energy bin, so that in total 15 data points
between 0.8° and 5.5° were available for the MDA. The shapes of
theoretical angular distributions for different electric (E) and mag-
netic (M) multipolarities OA (O = E, M) calculated with the code
DWBAO7 [47] and based on transition densities from the Quasi-
particle Phonon Model (QPM) [48] were used as input. As demon-
strated for previous cases [25,27], the low momentum transfers of
the experiment permit a restriction of multipoles in Eq. (3) to E1,
M1 and one multipole representing all contributions A > 1 (E3 in
the present case). Above the particle threshold the spectra contain
a phenomenological background dominated by quasifree scatter-
ing (QFS). Its angular distribution shape determined at the highest
excitation energies measured (23 — 25 MeV), where the IVGDR
contributions are negligible, was found to be constant [45] and as-
sumed to also hold in the giant resonance region.

Prior to the MDA, the contributions of the isoscalar giant
monopole and quadrupole resonances were subtracted from the
spectra following the method described in Ref. [49], again us-
ing QPM results of the corresponding strengths. The experimental
strength distributions were taken from Ref. [50].

Examples of the fits of Eq. (2) are displayed in Fig. 2 for the
case of the 116Sn(p,p’) data. The upper part shows selected bins at
excitation energies of 8, 15 and 23 MeV indicated by the vertical
dashed lines in the spectra, whose angular distributions are plot-
ted in the lower part. At the lowest excitation energy one finds a
dominance of E1 cross sections close to 0°, but M1 contributions
are non-negligible. Above 4° the spectra are dominated by A > 1
multipoles. At 15 MeV near the maximum of the IVGDR one ob-
serves the expected dominance of E1 cross sections. Finally, at 23
MeV the phenomenological background is most important and all
other contributions are small.

4. Photoabsorption cross sections

The Coulomb excitation cross sections resulting from the MDA
were converted to equivalent photoabsorption cross sections using
the virtual photon method [51]. The virtual photon spectrum was
calculated in an eikonal approach [52] in contrast to the previous
study of '20Sn, where the semiclassical approximation was used
[14,46]. In heavy nuclei the differences between both approaches
are small (typically less than 10%) but in lighter nuclei the semi-
classical approach fails [53]. A comparison of both approaches and
the typical energy dependence for the present kinematic condi-
tions are shown in Sec. 3.3 of Ref. [24] for the example of 120Sn.
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Fig. 3. Photoabsorption cross sections of '16Sn deduced from the present experiment
in comparison to previous work [54-56].

Although the experimental spectra extend above 20 MeV, the E1
cross sections become too small with respect to the quasifree back-
ground for a meaningful decomposition in the MDA. Fig. 3 presents
a comparison of the resulting photoabsorption cross sections with
data available from (y,xn) experiments [54-56], again for the ex-
ample of 116Sn, The error bars include contributions from system-
atic uncertainties of the cross sections determination and from the
MDA decomposition [45] added quadratically. Statistical errors are
negligible.

One finds significant differences on the low-energy flank of the
IVGDR. The Livermore data by Fultz et al. [54] show the best agree-
ment with the present result above 12 MeV, but undershoot the
data from all other experiments for Ex < 12 MeV. Near neutron
threshold the new (y,n) data of Ref. [56] agree best with our re-
sults. Similar differences are found for the other isotopes studied
here. A detailed account is given elsewhere [45].

5. Dipole polarizability

The present data provide photoabsorption cross sections in the
energy region 6 — 20 MeV for the determination of ap from
Eq. (1). Below 6 MeV, B(E1) strength distributions are available for
112,116,120,1245 from nuclear resonance fluorescence experiments
[57,58], but were neglected for consistency with the other isotopes.
These contributions are generally small (< 0.5% of the total dipole
polarizability). In Ref. [59] it was argued that the contributions of
the quasideuteron mechanism [60], which dominates the photoab-
sorption for excitation energies above 30 MeV in the present case,
should be excluded from the integration of Eq. (1). Such a non-
resonant process is not included in the model calculations. Data
are available from Ref. [54] in the excitation region 20 — 30 MeV
for 116.118.120.1245n hyt were neglected, since these results show
large variations between different isotopes but no systematic iso-
topic dependence. Including these data would not only alter the
absolute values but also significantly modify the isotopic depen-
dence as discussed below. Rather we employ a theory-assisted
estimate of strength in the region above 20 MeV. To that end,
we performed calculations at the level of quasiparticle random
phase approximation (QRPA) [61] and of the more detailed QPM
[24-26,62,63]. The QRPA and QPM cross sections used to calcu-
late the dipole polarizability in the energy region above 20 MeV
were convoluted with Lorentzians whose widths were tuned to re-
produce the present IVGDR data. We have done that for different
models and parametrizations and find consistently the same con-
tribution of about 9-10% to «op. A particularly encouraging result
is the most elaborate test based on a fully self-consistent contin-
uum RPA calculation [64] with the Skyrme parametrization SV-bas
[16], for technical reasons performed for the doubly magic nucleus
1325, It provides a proper description of the experimental pho-
toabsorption cross sections [65] without further folding and finds
a contribution of 6% in the somewhat larger 132Sn. To account for



S. Bassauer, P. von Neumann-Cosel, P.-G. Reinhard et al.

8
o 6
Q4 /
= !
2 116G,
05, A0 20 30 40 50

Energy (MeV)

Fig. 4. Running sum of the dipole polarizability from the present (p,p’) data for the
example of 1165, Red: Contribution from 6 MeV to Sy. Blue: Contribution from S,
to 20 MeV. Orange: Contribution above 20 MeV from QPM calculations, see text for
details.

Table 1

Total dipole polarizability ap of 112:114.116.118.120.124gy (i fim3) de-
termined as described in the text. Partial values are given for the
contributions from 6MeV to the neutron threshold S, from S, to
20MeV and > 20 MeV.

6 — Sy Snh—20 > 20 Total Averaged
N2gn  0.94(7) 5.51(42) 0.73(7)  7.19(50)
Mgy 0.83(7) 5.74(51) 0.72(7)  7.29(58)
M6gy  0.77(6) 5.98(45) 0.77(8)  7.52(51)  7.49(20)
M8spy  0.78(9) 6.36(78) 0.77(8)  7.91(87)  8.07(18)
1205y 0.84(7) 6.49(52) 0.75(8) 8.08(60)  8.71(18)
1245n  0.65(5) 6.49(51) 0.85(8) 7.99(56)  8.37(19)

the uncertainties in that extrapolation, an error of 10% is associ-
ated with the contributions taken from the model results.

Fig. 4 displays the evolution of ap as a function of excitation
energy (the running sum) for the example of 6Sn. The error
band considers statistical and systematical uncertainties, the lat-
ter including contributions from experiment and from the MDA
(for details see Ref. [45]). The figure demonstrates that the po-
larizability values are dominated by the contribution of the IVGDR
(blue), but the low-energy (red) and high-energy (orange) parts are
non-negligible. The corresponding partial and total values are sum-
marized in Table 1. The low-energy contribution up to the neutron
threshold (Sy) - i.e. the part missed in (y,xn) experiments — varies
from 13% (112Sn) to 8% ('24Sn) due to the decrease of S, as a func-
tion of mass number. The high-energy contribution from the QPM
calculations amounts to 9 — 10% in all isotopes.

We note that a larger value for 29Sn was published in Ref. [14]
based on the same type of experiment. However, the difference
to the present result is not due to the (p,p’) data (cross sec-
tions from the previous and present experiments agree within
error bars), but result from the inclusion of the (y,xn) data of
Refs. [54,55], whose contributions to «p from the IVGDR region are
larger than from the present work, and from the particularly large
photoabsorption strengths of Ref. [54] in the energy region 20 — 30
MeV for the case of 29Sn. In the rightmost column of Table 1
we provide corresponding values averaged over all available data
[54-56]. However, the isotopic dependence is significantly modi-
fied and the inconsistencies of the (y,xn) data discussed in detail
in Ref. [45] let us prefer the new results despite the larger uncer-
tainties.

The new polarizability results are now discussed in comparison
to theoretical predictions from nuclear EDFs (for a general review
see Ref. [66]) based on the non-relativistic Skyrme functional and
the relativistic mean field model (RMF). As argued already in the
introduction, dipole polarizability ap is a key observable for prob-
ing the symmetry energy which, in turn, is important to determine
the nuclear EoS. The present data on «p in the Sn isotopic chain
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Fig. 5. Dipole polarizability ap in the stable Sn isotopes (left panel) and in 298Pb
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Skyrme functionals KDEO-J33 [17,67] (green diamonds) and SV-bas [16] (purple
pentagons) and the RMF functionals DDMEa [68] (orange squares) and DD-PCX [42]
(red hexagons).

provide new insights to that discussion, in particular on the de-
composition of the role of neutron excess vs. the global mass de-
pendence.

We have scrutinized a great variety of published EDF parame-
terizations, but confine the present discussion to four typical rep-
resentatives: SV-bas is a Skyrme functional tuned to a large pool
of ground state properties (energy, radius, surface thickness) with
additional constraints on the EoS such that it reproduces giant res-
onances and ap in 2°8Pb [16]. KDEO-J33 [67] is also a Skyrme
functional with fewer ground state properties in the fit pool and
more bias on bulk properties; we take here the one sample from
the KDEO series closest to the present results. DDMEa is a RMF
functional with density-dependent meson coupling [68]. Finally,
DD-PCX is a different fit to RMF [42] tuned to reproduce ap(2%8Pb)
[26] after correction for the quasideuteron part [59]. In all cases,
pairing is included in the calculations. We have chosen these four
cases to cover relativistic as well as non-relativistic models and
within each group two EDFs which differ sufficiently concerning
other properties. A more detailed evaluation covering larger sets of
EDFs will be given in a subsequent publication.

Fig. 5 shows ap in the Sn chain (left) and 2°8Pb (right) compar-
ing data with results from the four selected EDF parametrizations.
At first glance, all four EDFs lie reasonably close to all data. The
same holds for most of the other more recent, well tuned EDFs be-
cause isovector trends of ground state data imprint already some
information on the isovector response. A closer look reveals in-
teresting differences from which we may learn about nuclear re-
sponse properties. SV-bas was tuned to the value of ap in 2%8Pb
[26] prior to the correction for the quasideuteron part and found
to perform very well for the older, larger value of ap in '2°Sn in
Ref. [14], but now lies above the values of the present work. DD-
PCX was tuned to ap(2%8Pb) after correction for the quasideuteron
part [59] and thus fits perfectly for 298Pb while being somewhat
high for Sn. KDEO-]J33 and DDMEa come closest for the Sn chain,
however at the price of underestimating op(2%8Pb).

The similarity of the ordering along the Sn chain and in 29Pb
shows that one can shift the ap values globally up and down with-
out sacrificing too much of the overall quality of a functional, a fea-
ture observed already in earlier studies (see e.g. Refs. [11,16,17]).
The trend with nucleon number A looks rather rigid leading to
very similar slopes along the Sn chain and, on a wider scale, to
strict relations between 29Pb and the Sn isotopes. This is, in fact,
expected from Migdal's hydrodynamical model [69]. The rigidity
of the trends with A poses an intriguing problem for the given
functionals: it seems that one cannot accommodate the op data in
208pp and in the Sn isotopes simultaneously. For a quantitative es-
timate we can look at statistical correlations between observables,
see e.g. Refs. [10,70]. The correlations of ap within the present Sn
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Fig. 6. Normalized running sums of the dipole polarizability in '2°Sn of the four
EDFs under consideration in comparison to the experimental data. The theoretical
results from discrete RPA were smoothed by Lorentzians to account for escape and
spreading width.

chain are better than 97%. The correlation of ap between 203Pb
and the Sn isotopes is with still large (about 90%), but already less
restrictive. We can also see from Fig. 5 that the A dependence of
ap allows some variations as the slope of the four EDFs is not fully
identical. We have also checked the large scale trend from 2%8Pb
to Sn with other EDFs and find that the density dependence of
a functional plays a role, as already indicated in previous studies
with both RMF [13,68,71] and Skyrme functionals [72]. This sets
the direction for future improvement. We have to develop EDFs
describing ap over a wide range of A including also data on #°Ca
[73], #8Ca [53] and 88Ni [74] and %°Zr [75] into the fit, first try-
ing to exploit the leeway in present functionals and, if necessary,
to consider EDFs with more elaborated density dependencies. Such
large scale fits should, moreover, reduce the extrapolation uncer-
tainties for the symmetry energy J which are about 1.4 MeV with
the present error bands for ap(?°Pb) [59]. The description of the
IVGDR, where a similar problem in describing the trend with A
exists [76], is also expected to benefit.

A further aspect of interest in Fig. 5 are the trends with A de-
picted in the left panel. The four theoretical results show a similar
nearly linear behavior while the experimental data slightly bend
over around '20Sn. Recall that 12Sn corresponds to a subshell clo-
sure (below the neutron 1hyq,, shell). Indeed, calculation with the
RMF parametrization FSU040 [71,77], which uses the filling ap-
proximation rather than pairing, delivers qualitatively a peak at
1205p but predicts a too steep isotopic dependence. This indicates
that the pairing strength plays a role for details of the trend caused
by shell effects and deserves further careful investigations.

We finally address possible relations between low-lying dipole
strength in the PDR regime and «p discussed in the introduction.
The inverse energy weights in the integration to ap in Eq. (1) em-
phasizes the low-energy region. In order to quantify its contribu-
tion, we show in Fig. 6 a comparison of the normalized experimen-
tal and theoretical running sums of ap for the example of 120Sn,
The bounds of the PDR region in the calculations are not sharply
defined, but should lie near 11 MeV. There are some variations
of the predicted contribution but all are well below the experi-
mental value of about 15% in that energy region. Note that the
experimental curve is much softer at the lower and upper ends.
The empirical smoothing of the RPA spectra simulating line broad-
ening from many-body configurations is obviously insufficient in
the wings of the resonance. This, in turn, indicates that a large
part of dipole strength observed in the PDR region can be inter-
preted as a low-energy tail of the IVGDR [46]. A clean separation
of the two components requires many-body calculations beyond
RPA.
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6. Conclusions

We have extracted the dipole polarizability of stable even-mass
Sn isotopes from relativistic Coulomb excitation using 295 MeV
inelastic proton scattering at very forward angles. This allows to
deduce precise data on the photoabsorption cross section up to
20 MeV. The technique provides, in particular, data independent of
the neutron emission threshold. The results permit detailed stud-
ies of isotopic trends of isovector properties of nuclei carried in
the IVGDR, the dipole polarizability «p, and the low-lying dipole
strength (PDR) [45].

We have exemplified the potential of the new data with a brief
discussion of the case of the dipole polarizability ap, an observable
whose direct relation to isovector bulk properties (symmetry en-
ergy) makes it particularly important for theoretical developments.
Although practically all up-to-date EDF parametrizations provide
at once roughly acceptable values for «p, there are instructive
differences in detail. The new «p values are systematically lower
than the old value for '2°Sn which calls for a new fine-tuning of
EDF parametrizations. Furthermore, comparison with ap in 2%8Pb
shows that present EDFs, relativistic as well as non-relativistic,
cannot match the trend of ap from 298Pb to the Sn region.

The trends of ap along the Sn chain raise another intriguing
question. The development with increasing nucleon number A in-
dicates a bend at 120Sn when deduced from the data. This is most
likely a signature of shell effects implying that «p in open-shell
nuclei is not only driven by bulk properties. Surprisingly, the EDF
calculations with pairing produce a smooth, nearly linear increase
mass number while calculations neglecting pairing qualitatively
also show a kink. The mismatch calls for a deeper analysis of the
role of nuclear pairing.

The present experimental results challenge the development
of EDF parametrizations aiming for a systematic reproduction the
dipole polarizability across the nuclear chart. Because of the strong
correlation, such models will then provide improved predictions
for the neutron skin thickness and parameters of the symmetry en-
ergy which, in turn, are important for extrapolation to star matter.
Combined with results expected from future studies of neutron-
rich unstable Sn isotopes using relativistic Coulomb breakup with
the R3B setup at FAIR [78] which - in contrast to the pioneering
experiment by Adrich et al. [65] - will include information on the
strength below neutron threshold, a unique set of data along an
isotopic chain will be available to constrain isovector properties of
nuclei and nuclear matter.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

The experiments were performed at RCNP under the experi-
mental program E422. The authors thank the accelerator group
for providing excellent beams. We are indebted to ]. Piekarewicz
for enlightening discussions on the impact of shell effects on the
polarizability in the Sn isotope chain and to B.K. Agrawal for pro-
viding calculations for the KDE functional. This work was funded
by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) - Projektnummer 279384907 - SFB 1245, by ]JSPS
KAKENHI, Grant No. JP14740154 and by MEXT KAKENHI, Grant
No. JP25105509. G.C. and X.R.-M. acknowledge funding from the
European Unions Horizon 2020 research and innovation program
under grant agreement No. 654002. C.A.B. was supported in part
by U.S. DOE Grant No. DE-FG02-08ER41533 and U.S. NSF Grant No.
1415656.



S. Bassauer, P. von Neumann-Cosel, P.-G. Reinhard et al.

References

[1] X. Roca-Maza, N. Paar, Prog. Part. Nucl. Phys. 101 (2018) 96.

[2] H. Yasin, S. Schéfer, A. Arcones, A. Schwenk, Phys. Rev. Lett. 124 (2020) 092701.

[3] E Ozel, P. Freire, Annu. Rev. Astron. Astrophys. 54 (2016) 401.

[4] S. Bogdanov, S. Guillot, PS. Ray, M.T. Wolff, D. Chakrabarty, W.C.G. Ho, M. Kerr,
FK. Lamb, A. Lommen, R.M. Ludlam, R. Milburn, S. Montano, M.C. Miller, M.
Baubéck, F. Ozel, D. Psaltis, R.A. Remillard, T.E. Riley, J.F. Steiner, T.E. Strohmayer,
A.L. Watts, K.S. Wood, ]. Zeldes, T. Enoto, T. Okajima, J.W. Kellogg, C. Baker, C.B.
Markwardt, Z. Arzoumanian, K.C. Gendreau, Astrophys. ]. Lett. 887 (2019) L25.

[5] S. Bogdanov, EK. Lamb, S. Mahmoodifar, M.C. Miller, S.M. Morsink, T.E. Riley,
TE. Strohmayer, AK. Tung, A.L. Watts, AJ. Dittmann, D. Chakrabarty, S. Guillot,
Z. Arzoumanian, K.C. Gendreau, Astrophys. J. Lett. 887 (2019) L26.

[6] B.P. Abbott, et al., Phys. Rev. Lett. 119 (2017) 161101.

[7] EJ. Fattoyev, ]. Piekarewicz, C.J. Horowitz, Phys. Rev. Lett. 120 (2018) 172702.

[8] A.G. Chaves, T. Hinderer, ]. Phys. G, Nucl. Part. Phys. 46 (2019) 123002.

[9] M. Thiel, C. Sfienti, J. Piekarewicz, CJ. Horowitz, M. Vanderhaeghen, J. Phys. G,
Nucl. Part. Phys. 46 (2019) 093003.

[10] P.-G. Reinhard, W. Nazarewicz, Phys. Rev. C 81 (2010) 051303(R).

[11] ]. Piekarewicz, B.K. Agrawal, G. Colo, W. Nazarewicz, N. Paar, P.-G. Reinhard, X.
Roca-Maza, D. Vretenar, Phys. Rev. C 85 (2012) 041302.

[12] X. Roca-Maza, M. Brenna, G. Colo, M. Centelles, X. Vifias, B.K. Agrawal, N. Paar,
D. Vretenar, ]. Piekarewicz, Phys. Rev. C 88 (2013) 024316.

[13] W. Nazarewicz, P.-G. Reinhard, W. Satula, D. Vretenar, Eur. Phys. J. A 50 (2014)
20.

[14] T. Hashimoto, A.M. Krumbholz, P.-G. Reinhard, A. Tamii, P. von Neumann-Cosel,
T. Adachi, N. Aoi, C.A. Bertulani, H. Fujita, Y. Fujita, E. Ganioglu, K. Hatanaka,
C. Iwamoto, T. Kawabata, N.T. Khai, A. Krugmann, D. Martin, H. Matsubara,
K. Miki, R. Neveling, H. Okamura, H,J. Ong, I. Poltoratska, V.Yu. Ponomarev, A.
Richter, H. Sakaguchi, Y. Shimbara, Y. Shimizu, J. Simonis, ED. Smit, G. Siisoy,
J.H. Thies, T. Suzuki, M. Yosoi, ]. Zenihiro, Phys. Rev. C 92 (2015) 031305(R).

[15] J. Erler, P-G. Reinhard, J. Phys. G 42 (2015) 034026.

[16] P. Kliipfel, P.-G. Reinhard, TJ. Biirvenich, J.A. Maruhn, Phys. Rev. C 79 (2009)
034310.

[17] C. Mondal, B.K. Agrawal, M. Centelles, G. Colo, X. Roca-Maza, N. Paar, X. Viiias,
S.K. Singh, S.K. Patra, Phys. Rev. C 93 (2016) 064303.

[18] O. Bohigas, N. Van Giai, D. Vautherin, Phys. Lett. B 102 (1981) 105.

[19] B.L. Berman, S.C. Fultz, Rev. Mod. Phys. 47 (1975) 713.

[20] S.S. Dietrich, B.L. Berman, At. Data Nucl. Data Tables 38 (1988) 199.

[21] D. Savran, T. Aumann, A. Zilges, Prog. Part. Nucl. Phys. 70 (2013) 210.

[22] A. Bracco, E. Lanza, A. Tamii, Prog. Part. Nucl. Phys. 106 (2019) 360.

[23] P-G. Reinhard, W. Nazarewicz, Phys. Rev. C 87 (2013) 014324.

[24] P. von Neumann-Cosel, A. Tamii, Eur. Phys. J. A 55 (2019) 110.

[25] I. Poltoratska, P. von Neumann-Cosel, A. Tamii, T. Adachi, C.A. Bertulani, J.
Carter, M. Dozono, H. Fujita, K. Fujita, Y. Fujita, K. Hatanaka, M. Itoh, T. Kawa-
bata, Y. Kalmykov, A.M. Krumbholz, E. Litvinova, H. Matsubara, K. Nakanishi, R.
Neveling, H. Okamura, H.J. Ong, B. Ozel-Tashenov, V.Yu. Ponomarev, A. Richter,
B. Rubio, H. Sakaguchi, Y. Sakemi, Y. Sasamoto, Y. Shimbara, Y. Shimizu, ED.
Smit, T. Suzuki, Y. Tameshige, J. Wambach, M. Yosoi, J. Zenihiro, Phys. Rev. C 85
(2012) 041304(R).

[26] A. Tamii, I. Poltoratska, P. von Neumann-Cosel, Y. Fujita, T. Adachi, C.A. Bertu-
lani, J. Carter, M. Dozono, H. Fujita, K. Fujita, K. Hatanaka, D. Ishikawa, M.
Itoh, T. Kawabata, Y. Kalmykov, A.M. Krumbholz, E. Litvinova, H. Matsubara,
K. Nakanishi, R. Neveling, H. Okamura, HJ. Ong, B. Ozel-Tashenov, V.Yu. Pono-
marev, A. Richter, B. Rubio, H. Sakaguchi, Y. Sakemi, Y. Sasamoto, Y. Shimbara,
Y. Shimizu, ED. Smit, T. Suzuki, Y. Tameshige, J. Wambach, R. Yamada, M. Yosoi,
]. Zenihiro, Phys. Rev. Lett. 107 (2011) 062502.

[27] D. Martin, P. von Neumann-Cosel, A. Tamii, N. Aoi, S. Bassauer, C.A. Bertulani,
J. Carter, L.M. Donaldson, H. Fujita, Y. Fujita, T. Hashimoto, K. Hatanaka, T. Ito,
A. Krugmann, B. Liu, Y. Maeda, K. Miki, R. Neveling, N. Pietralla, I. Poltoratska,
V.Yu. Ponomarev, A. Richter, T. Shima, T. Yamamoto, M. Zweidinger, Phys. Rev.
Lett. 119 (2017) 182503.

[28] N. Tsoneva, H. Lenske, Ch. Stoyanov, Phys. Lett. B 586 (2004) 213.

[29] D. Vretenar, T. Niksi¢, N. Paar, P. Ring, Nucl. Phys. A 731 (2004) 281.

[30] J. Piekarewicz, Phys. Rev. C 73 (2006) 044325.

[31] S.P. Kamerdzhiev, Phys. At. Nucl. 69 (2006) 1110.

[32] J. Terasaki, ]. Engel, Phys. Rev. C 74 (2006) 044301.

[33] N. Tsoneva, H. Lenske, Phys. Rev. C 77 (2008) 024321.

[34] E. Litvinova, P. Ring, V. Tselyaev, Phys. Rev. C 78 (2008) 014312.

[35] E.G. Lanza, F. Catara, D. Gambacurta, M.V. Andres, Ph. Chomaz, Phys. Rev. C 79
(2009) 054615.

[36] E. Litvinova, P. Ring, V. Tselyaev, Phys. Rev. Lett. 105 (2010) 022502.

[37] L Daoutidis, P. Ring, Phys. Rev. C 83 (2011) 044303.

[38] A. Avdeenkov, S. Goriely, S. Kamerdzhiev, S. Krewald, Phys. Rev. C 83 (2011)
064316.

[39] P. Papakonstantinou, H. Hergert, V.Yu. Ponomarev, R. Roth, Phys. Rev. C 89
(2014) 034306.

[40] J. Piekarewicz, Eur. Phys. J. A 50 (2014) 25.

[41] S. Ebata, T. Nakatsukasa, T. Inakura, Phys. Rev. C 90 (2014) 024303.

[42] E. Yiiksel, T. Marketin, N. Paar, Phys. Rev. C 99 (2019) 034318.

Physics Letters B 810 (2020) 135804

[43] M. Fujiwara, H. Akimune, I. Daito, H. Fujimura, Y. Fujita, K. Hatanaka, H.
Ikegami, I. Katayama, K. Nagayama, N. Matsuoka, S. Morinobu, T. Noro, M.
Yoshimura, H. Sakaguchi, Y. Sakemi, A. Tamii, M. Yosoi, Nucl. Instrum. Meth-
ods A 422 (1999) 488.

[44] A. Tamii, Y. Fujita, H. Matsubara, T. Adachi, J. Carter, M. Dozono, H. Fujita, K.
Fujita, H. Hashimoto, K. Hatanaka, T. Itahashi, M. Itoh, T. Kawabata, K. Nakan-
ishi, S. Ninomiya, A. Perez-Cerdan, L. Popescu, B. Rubio, T. Saito, H. Sakaguchi,
Y. Sakemi, Y. Sasamoto, Y. Shimbara, Y. Shimizu, F. Smit, Y. Tameshige, M. Yosoi,
J. Zenihiro, Nucl. Instrum. Methods A 605 (2009) 326.

[45] S. Bassauer, P. von Neumann-Cosel, P.-G. Reinhard, A. Tamii, S. Adachi, C.A.
Bertulani, PY. Chan, A. D'Alessio, H. Fujioka, H. Fujita, Y. Fujita, G. Gey, M.
Hilcker, T.H. Hoang, A. Inoue, ]. Isaak, C. Iwamoto, T. Klaus, N. Kobayashi, Y.
Maeda, M. Matsuda, N. Nakatsuka, S. Noji, HJ. Ong, I. Ou, N. Pietralla, V.Yu.
Ponomarev, M.S. Reen, A. Richter, M. Singer, G. Steinhilber, T. Sudo, Y. Togano,
M. Tsumura, Y. Watanabe, V. Werner, Phys. Rev. C, in press, arXiv:2007.06010.

[46] A.M. Krumbholz, P. von Neumann-Cosel, T. Hashimoto, A. Tamii, T. Adachi, C.A.
Bertulani, H. Fujita, Y. Fujita, E. Ganioglu, K. Hatanaka, C. Iwamoto, T. Kawabata,
N.T. Khai, A. Krugmann, D. Martin, H. Matsubara, R. Neveling, H. Okamura, H.J.
Ong, L. Poltoratska, V.Yu. Ponomarev, A. Richter, H. Sakaguchi, Y. Shimbara, Y.
Shimizu, J. Simonis, ED. Smit, G. Siisoy, J.H. Thies, T. Suzuki, M. Yosoi, ]. Zeni-
hiro, Phys. Lett. B 744 (2015) 7.

[47] J. Raynal, Program DWBAO7, NEA Data Service NEA1209/08.

[48] V.G. Soloviev, Theory of Atomic Nuclei: Quasiparticles and Phonons, Institute of
Physics, Bristol, 1992.

[49] L.M. Donaldson, C.A. Bertulani, J. Carter, V.0. Nesterenko, P. von Neumann-
Cosel, R. Neveling, V.Yu. Ponomarev, P.-G. Reinhard, L.T. Usman, P. Adsley, J.W.
Briimmer, E.Z. Buthelezi, G.R]. Cooper, RW. Fearick, S.V. Fortsch, H. Fujita, Y.
Fujita, M. Jingo, W. Kleinig, C.O. Kureba, J. Kvasil, M. Latif, K.C.W. Li, J.P. Mira,
F. Nemulodi, P. Papka, L. Pellegri, N. Pietralla, A. Richter, E. Sideras-Haddad, F.D.
Smit, G.F. Steyn, J.A. Swartz, A. Tamii, Phys. Lett. B 776 (2018) 133.

[50] T. Li, U. Garg, Y. Liu, R. Marks, B.K. Nayak, P.V. Madhusudhana Rao, M. Fujiwara,
H. Hashimoto, K. Nakanishi, S. Okumura, M. Yosoi, M. Ichikawa, M. Itoh, R. Mat-
suo, T. Terazono, M. Uchida, Y. Iwao, T. Kawabata, T. Murakami, H. Sakaguchi, S.
Terashima, Y. Yasuda, J. Zenihiro, H. Akimune, K. Kawase, M.N. Harakeh, Phys.
Rev. C 81 (2010) 034309.

[51] C.A. Bertulani, G. Baur, Phys. Rep. 163 (1988) 299.

[52] C.A. Bertulani, A.M. Nathan, Nucl. Phys. A 554 (1993) 158.

[53] J. Birkhan, M. Miorelli, S. Bacca, S. Bassauer, C.A. Bertulani, G. Hagen, H. Mat-
subara, P. von Neumann-Cosel, T. Papenbrock, N. Pietralla, V.Yu. Ponomarev, A.
Richter, A. Schwenk, A. Tamii, Phys. Rev. Lett. 118 (2017) 252501.

[54] S.C. Fultz, B.L. Berman, J.T. Caldwell, R.L. Bramblett, M.A. Kelly, Phys. Rev. 186
(1969) 1255.

[55] A. Leprétre, H. Beil, R. Bergere, P. Carlos, A.D. Miniac, A. Veyssiére, K. Kernbach,
Nucl. Phys. A 219 (1974) 39.

[56] H. Utsunomiya, S. Goriely, M. Kamata, T. Kondo, O. Itoh, H. Akimune, T. Ya-
magata, H. Toyokawa, Y.W. Lui, S. Hilaire, A.J. Koning, Phys. Rev. C 80 (2009)
055806.

[57] B. Ozel-Tashenov, J. Enders, H. Lenske, A.M. Krumbholz, E. Litvinova, P. von
Neumann-Cosel, I. Poltoratska, A. Richter, G. Rusev, D. Savran, N. Tsoneva, Phys.
Rev. C 90 (2014) 024304.

[58] K. Govaert, F. Bauwens, ]. Bryssinck, D. De Frenne, E. Jacobs, W. Mondelaers, L.
Govor, V.Yu. Ponomarev, Phys. Rev. C 57 (1998) 2229.

[59] X. Roca-Maza, X. Viias, M. Centelles, B.K. Agrawal, G. Colo, N. Paar, J.
Piekarewicz, D. Vretenar, Phys. Rev. C 92 (2015) 064304.

[60] K.P. Schelhaas, ].M. Henneberg, M. Sanzone-Arenhdvel, N. Wieloch-Laufenberg,
U. Zurmiihl, B. Ziegler, M. Schumacher, F. Wolf, Nucl. Phys. A 489 (1988) 189.

[61] P. Ring, P. Schuck, The Nuclear Many-Body Problem, Springer, New York, 1980.

[62] N. Ryezayeva, T. Hartmann, Y. Kalmykov, H. Lenske, P. von Neumann-Cosel,
V.Yu. Ponomarev, A. Richter, A. Shevchenko, S. Volz, ]. Wambach, Phys. Rev.
Lett. 89 (2002) 272502.

[63] I Poltoratska, R.W. Fearick, A.M. Krumbholz, E. Litvinova, H. Matsubara, P. von
Neumann-Cosel, V.Yu. Ponomarev, A. Richter, A. Tamii, Phys. Rev. C 89 (2014)
054322.

[64] V. Tselyaev, N. Lyutorovich, ]. Speth, P.-G. Reinhard, Phys. Rev. C 97 (2017)
044308.

[65] P. Adrich, A. Klimkiewicz, M. Fallot, K. Boretzky, T. Aumann, D. Cortina-Gil, U.
Datta Pramanik, Th.W. Elze, H. Emling, H. Geissel, M. Hellstrom, K.L. Jones, J.V.
Kratz, R. Kulessa, Y. Leifels, C. Nociforo, R. Palit, H. Simon, G. Surowka, K. Stim-
merer, W. Walus, LAND-FRS Collaboration, Phys. Rev. Lett. 95 (2005) 132501.

[66] M. Bender, P.-H. Heenen, P.-G. Reinhard, Rev. Mod. Phys. 75 (2003) 121.

[67] B.K. Agrawal, S. Shlomo, V.K. Au, Phys. Rev. C 72 (2005) 014310.

[68] D. Vretenar, T. Niksi¢, P. Ring, Phys. Rev. C 68 (2003) 024310.

[69] A.B. Migdal, J. Exp. Theor. Phys. USSR 15 (1945) 81.

[70] J. Dobaczewski, W. Nazarewicz, P.-G. Reinhard, ]. Phys. G 41 (2014) 074001.

[71] J. Piekarewicz, Phys. Rev. C 83 (2011) 034319.

[72] J. Erler, P. Kliipfel, P-G. Reinhard, Phys. Rev. C 82 (2010) 044307.

[73] R.W. Fearick, et al., in preparation.

[74] D.M. Rossi, P. Adrich, F. Aksouh, H. Alvarez-Pol, T. Aumann, ]. Benlliure, M.
Bohmer, K. Boretzky, E. Casarejos, M. Chartier, A. Chatillon, D. Cortina-Gil, U.
Datta Pramanik, H. Emling, O. Ershova, B. Fernandez-Dominguez, H. Geissel,


http://refhub.elsevier.com/S0370-2693(20)30607-9/bibAD90D71693FADAC01596A615C9C2555Ds1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibFB86CC4B309FCE03F122690B311DFFBFs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibF258F1965FCB69E457EC0CD26986F391s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD9BF14A7FCFC36A8517C232960875BF2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD9BF14A7FCFC36A8517C232960875BF2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD9BF14A7FCFC36A8517C232960875BF2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD9BF14A7FCFC36A8517C232960875BF2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD9BF14A7FCFC36A8517C232960875BF2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8DCE165DA61687A68D5078AEB62B6E9As1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8DCE165DA61687A68D5078AEB62B6E9As1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8DCE165DA61687A68D5078AEB62B6E9As1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib1A3F5FD06CEF84F1ACEE7BCA49254141s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibFD0EE2D4CE1B09295B73954D9786F253s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib08CD0B28123B5B9313A7D15CA954CCF1s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3D3385B11C07D1C37FFAB483DBAC48BAs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3D3385B11C07D1C37FFAB483DBAC48BAs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib00540E6756B653972ADA0A71738ED142s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibB3E2BCB4D379B20E555B97B247095E49s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibB3E2BCB4D379B20E555B97B247095E49s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8B13FFBBF2683E591D7F619C2AD33928s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8B13FFBBF2683E591D7F619C2AD33928s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib01DBB2E6E877437F6A62A0F26776FABDs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib01DBB2E6E877437F6A62A0F26776FABDs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDF83E5B23CD7ADB3B65BA56C98C0F147s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDF83E5B23CD7ADB3B65BA56C98C0F147s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDF83E5B23CD7ADB3B65BA56C98C0F147s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDF83E5B23CD7ADB3B65BA56C98C0F147s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDF83E5B23CD7ADB3B65BA56C98C0F147s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDF83E5B23CD7ADB3B65BA56C98C0F147s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib2FB3CB4C2758DF950E1C5C4660A704B7s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibB5FA0C191D216FE659C7D26ABEAB86B3s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibB5FA0C191D216FE659C7D26ABEAB86B3s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD18B693AA4EF704B31550F236255AFFDs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD18B693AA4EF704B31550F236255AFFDs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib83C6087523A6C32637A6DBD68679A6F4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib75C31A44DFB183F647F7D87129538C49s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9EE6B7B53419DB452961018CF81119B5s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibFD732138241B6A50472638C68FC06E97s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib6FFCB0D12D29CF0BFCEDF8B6DDCC581Fs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib913B1CC5F2FF4F0CE3EC7C3177788F29s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib7705CA2D0A8CCDCC094E4AF661CBAADAs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib9AE3C60F60A9BCF67545D429C74F431Es1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib3CDAB04FE54395D5F0A178BD177F7A55s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD1894932EAB50DEE5E4272BCB9169911s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD1894932EAB50DEE5E4272BCB9169911s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD1894932EAB50DEE5E4272BCB9169911s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD1894932EAB50DEE5E4272BCB9169911s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD1894932EAB50DEE5E4272BCB9169911s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib4A86E26A8B05821315C0272057230422s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8C593EED79BE8AB34B5A993378AC6B2As1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib4F8274AFB3B3C8F37D3FF1E348D5B332s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib6C5D2E7F9467060B32B02C5BDDE4BA34s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibE8C7E1C19ADE4BD96FC74D1AF264E0CBs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibC2032D6AE638C7D96D1EDFB17D90E7ADs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibEF44F84040DE7B20DA60F711EBB9BF39s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib21B7C2E105F54776199E3CCAF73E9F47s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib21B7C2E105F54776199E3CCAF73E9F47s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib59F4663E9C3810ED3423F3A37BA766A4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib84F19A181F80D9BE2B8C0D4AE92CE9A4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib95762C1AC45106F16B3AA1F7F6C32590s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib95762C1AC45106F16B3AA1F7F6C32590s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib066480D298D36A60C85F93651EB0C6AAs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib066480D298D36A60C85F93651EB0C6AAs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib14D8729BC3709CC0E81D85405F4BB50Bs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibC1E678EBDCE1A111D9D5ABA8E485DCE0s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibB45F8B29F1A3BE5336A2F4FA0A1A46D1s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD0D121242F9890F28047A9C043229CCFs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD0D121242F9890F28047A9C043229CCFs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD0D121242F9890F28047A9C043229CCFs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD0D121242F9890F28047A9C043229CCFs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib730B54E2EE1D9263AD9F81A0B11C54A2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib730B54E2EE1D9263AD9F81A0B11C54A2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib730B54E2EE1D9263AD9F81A0B11C54A2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib730B54E2EE1D9263AD9F81A0B11C54A2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib730B54E2EE1D9263AD9F81A0B11C54A2s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib40400B42747D3366EEA1128F2D290D58s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib40400B42747D3366EEA1128F2D290D58s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib40400B42747D3366EEA1128F2D290D58s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib40400B42747D3366EEA1128F2D290D58s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib40400B42747D3366EEA1128F2D290D58s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib40400B42747D3366EEA1128F2D290D58s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibED081F76B15058C59E738D08AF96CC20s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibED081F76B15058C59E738D08AF96CC20s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibED081F76B15058C59E738D08AF96CC20s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibED081F76B15058C59E738D08AF96CC20s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibED081F76B15058C59E738D08AF96CC20s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibED081F76B15058C59E738D08AF96CC20s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib765BEE0318C88F58758BC08B16AAB3C5s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib765BEE0318C88F58758BC08B16AAB3C5s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD7746D104E2F14A5E20E9E1213E605E4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD7746D104E2F14A5E20E9E1213E605E4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD7746D104E2F14A5E20E9E1213E605E4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD7746D104E2F14A5E20E9E1213E605E4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD7746D104E2F14A5E20E9E1213E605E4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD7746D104E2F14A5E20E9E1213E605E4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib7F39BD0482B9550DA19A07EC8D889BCEs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib7F39BD0482B9550DA19A07EC8D889BCEs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib7F39BD0482B9550DA19A07EC8D889BCEs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib7F39BD0482B9550DA19A07EC8D889BCEs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib7F39BD0482B9550DA19A07EC8D889BCEs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib54A55C8EA0EDD266542EC8F569954799s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibE43EAF89DCECCFFDAF47CF36A17ECB81s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibE49A342D8B9EE83C8B250E103042D549s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibE49A342D8B9EE83C8B250E103042D549s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibE49A342D8B9EE83C8B250E103042D549s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib2FFE8CBD258BEF8C00B2C51BE189DC8As1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib2FFE8CBD258BEF8C00B2C51BE189DC8As1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibFB0DB7F88E981A8E8CB5F6C0842AEDD4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibFB0DB7F88E981A8E8CB5F6C0842AEDD4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib352BC1734EA2F51D40CC357537A9D6BCs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib352BC1734EA2F51D40CC357537A9D6BCs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib352BC1734EA2F51D40CC357537A9D6BCs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibC9CF5BC40510FB216343E34244EFEA13s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibC9CF5BC40510FB216343E34244EFEA13s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibC9CF5BC40510FB216343E34244EFEA13s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD52AA44616ECF4C5EC7C9323B9734A2Fs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibD52AA44616ECF4C5EC7C9323B9734A2Fs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8D168DD7B04DF06F83DFE8036672DF6Fs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib8D168DD7B04DF06F83DFE8036672DF6Fs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib739022FB9ED306D457006CA0ACFF8C19s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib739022FB9ED306D457006CA0ACFF8C19s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib29D442B668C5536D32BA86355B475277s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibF1A636130DAA66355442D8AD4E93DE75s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibF1A636130DAA66355442D8AD4E93DE75s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibF1A636130DAA66355442D8AD4E93DE75s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib392B1948F9AD29C9C8B0136CFCF842F4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib392B1948F9AD29C9C8B0136CFCF842F4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib392B1948F9AD29C9C8B0136CFCF842F4s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib5651BFF7D3E4B66BCBF43E8E569E07B1s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib5651BFF7D3E4B66BCBF43E8E569E07B1s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib16E457EBEB2B3D0D5E162A56C4027353s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib16E457EBEB2B3D0D5E162A56C4027353s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib16E457EBEB2B3D0D5E162A56C4027353s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib16E457EBEB2B3D0D5E162A56C4027353s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibDFC7C4B37A386D2894C5AA72860BC8EAs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibA9C23932C6784944AFC127BD71802ECCs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib1C522149B8E38CE3DA5373FA0B69051Fs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib657856CE42935C7D9AB9F1554EBCF12Cs1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib0D7706852D088187A32D0BED6126A807s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibA691A3B8D7018D59F575D3A541A37073s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibA2C1836B96B8254F77C5D0BBECD3F462s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1

S. Bassauer, P. von Neumann-Cosel, P-G. Reinhard et al. Physics Letters B 810 (2020) 135804

M. Gorska, M. Heil, H.T. Johansson, A. Junghans, A. Kelic-Heil, O. Kiselev, A. [75] T. Klaus, et al., in preparation.

Klimkiewicz, J.V. Kratz, R. Kriicken, N. Kurz, M. Labiche, T. Le Bleis, R. Lemmon, [76] J. Erler, P. Kliipfel, P-G. Reinhard, J. Phys. G 37 (2010) 064001.
Y.A. Litvinov, K. Mahata, P. Maierbeck, A. Movsesyan, T. Nilsson, C. Nociforo, R. [77] B.G. Todd-Rutel, ]. Piekarewicz, Phys. Rev. Lett. 95 (2005) 122501.
Palit, S. Paschalis, R. Plag, R. Reifarth, D. Savran, H. Scheit, H. Simon, K. Siim- [78] T. Aumann, private communication.

merer, A. Wagner, W. Walus, H. Weick, M. Winkler, Phys. Rev. Lett. 111 (2013)

242503.


http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib600C9683FBCE4F553D2A020E8D749FE6s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bib98ED0A37E2BEB7884FB1E2C4418A2D15s1
http://refhub.elsevier.com/S0370-2693(20)30607-9/bibFA2AAC10F7DF9636B24126E8E212124Ds1

	Evolution of the dipole polarizability in the stable tin isotope chain
	1 Introduction
	2 Experiment
	3 Multipole Decomposition Analysis
	4 Photoabsorption cross sections
	5 Dipole polarizability
	6 Conclusions
	Declaration of competing interest
	Acknowledgements
	References


