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Fig. 1. Bar figure of the rms deviations Unns(lgT1/2) in
Table 1.
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Table 1. The rms deviations oms(lg77/2) of the logarithms of nuclear B -decay half-lives predicted by the empirical for-

mulas Fi1, Fo, F3, and Fz with respective to the experimental data, where the 2nd-4th columns represent the data sets

for nuclei with Ty /9 < 106 s, Ty)e < 10% s, and T1/2 < 1s, respectively.

Formula T2 <105 Ty <103 Typp <1s
Fq 1.096 0.732 0.478
Fo 0.688 0.490 0.279
F3 0.609 0.403 0.220
Fz 0.664 0.408 0.221
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Fig. 2. Logarithmic differences between the predictions by the empirical formulas F1, F2, F3, Fz and the experimental data as

the functions of proton number Z and neutron number N. The vertical lines correspond to the proton magic numbers
Z = 8,20,28,50,82 and the neutron magic numbers N = 8§, 20, 28, 50, 82, 126 .
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Fig. 3. Logarithmic differences between the predictions by the empirical formulas F1, Fo, F3, Fz and the experimental data.
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Fig. 4. Nuclear B -decay half-lives of Ni, Sn and Pb isotopes predicted by the Fi, Fo and F3, and their comparison with Fz cal-

culations.
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Fig. 5. Same to Fig. 4, but for N =50, N =82, and N = 126 isotones.
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Fig. 6. Nuclear S -decay half-lives of Zn, Zr, Sn, Nd and Pb isotopes predicted by formula F3 , and the comparison with the theor-
etical results of FRDM + QRPA, HFB + FAM and HFB 4+ QRPA models.
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Fig. 7. Nuclear B -decay half-lives predicted by formula F3.
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Abstract

Nuclear B-decay half-lives play an important role not only in nuclear physics, but also in astrophysics. The
(B-decay half-lives of many nuclei involved in the astrophysical rapid neutron-capture (rprocess) still cannot be
measured experimentally, so the theoretical predictions of nuclear B-decay half-lives are inevitable for r-process
studies. Theoretical models for studying the nuclear (-decay half-lives include the empirical formula, the gross
theory, the quasiparticle random phase approximation (QRPA), and the shell model. Compared with other
theoretical models of (-decay half-lives, the empirical formula has high computational efficiency, and its
prediction accuracy can be improved by introducing more and more physical information. In this work, an
empirical formula without free parameters is proposed to calculate the nuclear (-decay half-lives based on the
Fermi theory of B decay. By including the pairing effect, the shell effect, and the isospin dependence, the newly
proposed empirical formula significantly improves the accuracy of predicting the nuclear B-decay half-life. For
the nuclei with half-lives less than 1 second, the root-mean-square deviation of the common logarithms of the
nuclear B-decay half-life predicted by the new empirical formula from the experimental data decreases to 0.220,
which is improved by about 54% compared with that by the empirical formula without free parameters, even
better than those by other existing empirical formulas and microscopic QRPA approaches. In the unknown
region, the nuclear B-decay half-lives predicted by the new empirical formula are generally shorter than those
predicted by the microscopic models in the light nuclear region, while those predicted by the new empirical
formula in the heavy nuclear region are generally in agreement with those predicted by the microscopic models.
The half-lives of neutron-rich nuclei on the nuclear chart are then predicted by the new empirical formula,

providing nuclear B-decay half-life inputs for the r-process simulations.
Keywords: B-decay half-lives, empirical formula, r-process
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