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T Projectile Element Mass Ejectiles Astro Expmass Massdir
{1 n Th 292 g y n bml

020113-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 2 (2026) 020113
20 5
. Ni /[Sn J[Pb e Exp UNEDF1 KTUY
EO J K4 — BML — -Bhagwat - -WS4 .
< g0l p . | ---DD-MEB2 - - -BW2 T
z 7 I .7, —-HFB31 —-Dz28 Joe T =Y
é ! //:/\' I '/‘4. ,,,, 2 ot ,"—"”,;’//'
Sega L AN i Senas . o ~ . o= .
E 0 %"f.—:’ﬁﬁ \\:/‘ B e = e \/—: "f - b W ARt
< ‘W R Y
| N~ R . N N
f N N \ - < “
‘E —10 A < ~
<) N\
=
9 , , , , , , , , , , , PR PO S W W T ST S S S
20 30 40 50 60 70 50 60 70 80 90 100 110 120 100 110 120 130 140 150 160 170 180
Neutron number N Neutron number N Neutron number N
B 1 &R S FRDM2012 A5 8 1l 5 i Ni, Sn Al Pb 847 25 5 2 25 . 500, 520 [ 2678 4% B i 52 36 {8 55 FRDM2012

oL AE A 22 (5

Fig. 1. The differences between the mass predictions of various nuclear mass models and FRDM2012 model for Ni, Sn, and Pb iso-

topes, solid black circles denote the differences between experimental masses and the predictions of FRDM2012.
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Fig. 2. Uncertainties of nuclear mass M, 3-decay energy Qg ,
and the reaction energy of (n, 7) Q) - The grey solid
lines denote the boundaries of the corresponding experi-
mental data ranges. The figure also shows the r-process
path taken from Ref. [77] for guiding eyes, represented by
the black solid lines, which is predicted based on the classi-
cal r-process model.
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Fig. 3. Nuclear 3-decay half-lives of N = 50, 82, 126 isotones predicted by the formula (1) based on various nuclear mass models,
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Abstract

Nuclear mass, 3-decay half-life, and neutron-capture rate are the most important nuclear physics inputs for
rapid-neutron capture process (r-process) simulations. Nuclear mass can directly influence the abundance ratio
of neighboring isotopes during the (n, ¥)-(7, n) equilibrium stage. On the other hand, nuclear mass influences
the predictions of (3-decay half-life and the neutron-capture rate, thus indirectly influences the r-process
simulation. Currently, only about 3000 nuclear masses have been precisely measured in experiment, and many
of the nuclear masses involved in r-process simulations can only be predicted by theory models. However, when
extrapolating nuclear masses towards the neutron drip line, there appear large discrepancies between the
predictions of different mass models, which inevitably affects the predictions of 3-decay half-lives and neutron-
capture rates. In this work, ten mass models are employed to systematically study the influence of nuclear mass
uncertainties on 3-decay half-lives and neutron-capture rates. The (3-decay half-lives and neutron-capture rates
are calculated by the (3-decay half-life semi-empirical formula and TALYS code, respectively. It is found that
the uncertainties in nuclear mass predictions between different mass models can reach 10 MeV in the neutron-
rich region; the differences between the maximum and minimum masses predicted by these models even exceed
30 MeV for some nuclei. For the predictions of B-decay energy @ and (n,y) reaction energy Quy), there are
large deviations mainly around the neutron magic numbers and close to the neutron drip line, with uncertainties
of 2 MeV and 1 MeV, respectively. The influence of mass uncertainties on the (3-decay half-lives is about 0.6
orders of magnitude for neutron-rich nuclei. The uncertainties in neutron-capture rates increase significantly
when extrapolating towards the neutron-rich region. At a temperature of T'=10° K, the average uncertainties
of the neutron-capture rates range over 2-3 orders of magnitude for nuclei near the neutron drip line. Taking
N =50, 82, 126, 184 isotones for example, it is found that the differences between the maximum and minimum
neutron-capture rates obtained from various nuclear mass models even exceed 10 orders of magnitude for some
nuclei. The Q) directly affects the trend of the neutron-capture rates, and the neutron-capture rates are very
sensitive to the uncertainties of Q,, for neutron-rich nuclei. In addition, the effect of temperature on neutron-
capture rate is also investigated, and it is found that the increase in temperature can reduce the influence of
mass uncertainty on the prediction of neutron-capture rate for neutron-rich nuclei. In this work, the 3-decay
half-lives and neutron-capture rates are calculated based on ten different mass models. Therefore, more self-
consistent nuclear physics inputs will be provided for simulating the r-process. The datasets presented in this

paper are openly available at https://www.doi.org/10.57760/sciencedb.j00213.00222.
Keywords: r-process, nuclear mass, 3-decay half-life, neutron-capture rate
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