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Fig. 1. Experimental S~ -allowded transitions half-
lives (in logio scale) plotted vs the neutron numbers
of the parent nuclei with Z = 20, 22, and 24.
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Fig. 2. Same as Fig. 1. but for the first 5~ decay of
the parent nuclei with Z = 16, 18, and 19.

T T T T T T T
. TERESBURIE
\ -
ok Z=22 |
\ 4 Z=23
\ *Z=26
\\ .\
@ 05 R g
A g B
= " AN
e
@ N
S —1.0F ‘o 2 N B
\0
\A
—1.5+ N B
Y
1 1 1 1 1 1 1

32 34 36 38 40 42 44

3 Z =22, 23, 26 “JHNERET g TAFFEHMN
SEEGE AT EL (DL 10 ANR) 5HEHZ b 7R E R

Fig. 3. Same as Fig. 1. but for the second forbidden
B~ -decay of the nuclei with Z = 22, 23, and 26.
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Table 1. The fitting parameters a, b and the standard deviation o for the 8~ -decay half-lives of allowed,

first forbidden and second forbidden transitions.

w2AT A Z a b o
BVFIRGT 20 —0.30452 =+ 0.00121 9.00256 4 0.04189 0.0015137
22 —0.28204 + 0.01106 8.88444 4 0.39272 0.0174835
24 —0.27225 + 0.01773 9.52538 4 0.69261 0.0766111
—REERIRIT 16 —0.43328 £ 0.06102 11.16699 & 1.53115 0.131815
18 —0.38695 + 0.01153 11.30503 = 0.3499 0.0126604
19 —0.52816 + 0.01584 16.47132 4 0.53084 0.0250409
ZHEERERIT 22 —0.40104 + 0.0316 12.99104 =+ 1.06474 0.0394174
23 —0.17587 = 0.02481 5.34666 & 0.9437 0.040517
26 —0.19895 =+ 0.0026 7.60361 & 0.10985 0.00627749
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Table 2. The values of ¢1, c2, c3 and ¢4 obtained by

using least square method.
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Table 3. Calculated half-lives for the allowded 5~

transitions.

*4 BT BEAR—GEEMERIT AT
Table 4. Calculated half-lives for the first forbidden

[~ -transitions.

VA A Texp/s Tear/s Thotter /s ]
20 53 0.090+0.015 0.0646 0.0156
20 55 0.022+0.002 0.0229 0.0116
20 56 0.011+£0.002 0.0136 0.0300
22 56 0.200+0.005 0.2277 0.8214
22 57 0.098+0.005 0.1351 0.0542
22 58 0.057+0.010 0.0802 0.1523
22 59 0.0275+0.0025 0.0476 0.0213
24 60 0.4940.01 0.4726 3.6898
24 61 0.243+0.011 0.2798 0.7550
24 62 0.206+0.012 0.1657 0.4111
24 64 0.042+0.002 0.0581 0.1539
24 65 0.028+0.003 0.0344 0.1006
24 66 0.023+0.004 0.0204 0.0710
26 63 6.1+0.1 1.6500 0.9808
26 64 2.01+0.2 0.9723 25.4054
26 65 1.1240.15 0.5744 1.3266
43 109 0.8640.04 0.7705 0.3783
43 111 0.350+0.021 0.2588 0.1908
43 114 0.090+0.020 0.0504 0.0878
45 106 30.07+0.35 65.6402 > 100
45 107 0.0217+0.0004 0.0380 > 100
45 108 16.84+0.5 21.9493 46.7471
45 112 3.454+0.37 2.4543 2.2262

Z A Texp/s Tear/s Tholler /s ]
18 46 8.44+0.6 2.6391 > 100
18 47 1.2340.03 1.1421 0.7502
18 48 0.475+0.040 0.4943 0.2459
18 50 0.085+0.030 0.0926 0.0452
19 50 0.472+0.004 0.6547 3.9399
19 51 0.365+0.005 0.2849 0.2368
19 52 0.118+0.006 0.1240 0.0106
19 53 0.030+0.005 0.0540 0.0071
19 54 0.010+£0.005 0.0235 0.0059
36 92 1.84040.008 1.2016 0.4164
36 93 1.28640.010 0.5753 0.6245
36 95 0.114+0.003 0.1319 0.4637
36 96 0.080+0.006 0.0632 0.1963
37 93 5.84+0.02 4.2326 0.1862
37 95 0.3775+0.0008 0.9814 0.0783
37 96 0.203+0.003 0.4725 0.0789
37 101 0.032+0.005 0.0122 0.0291
38 94 75.3+£0.2 14.9094 8.8353
38 95 23.90+0.14 7.2196 9.5064
38 96 1.074+0.01 3.4959 1.1080
38 97 0.429+0.005 1.6928 1.4002
38 98 0.653+0.002 0.8197 0.7216
38 100 0.202+0.003 0.1922 0.4707
38 101 0.118+0.003 0.0931 0.3919
49 130 0.29+£0.2 0.968 0.2064
49 133 0.165+0.003 0.1323 0.1405
50 133 1.46+0.03 1.0533 10.2903
50 134 1.050+0.011 0.5456 3.5410
50 136 0.2540.03 0.1464 0.9523

#5 BT B CYERGT RIS
Table 5. Calculated half-lives for the second forbidden g~ -transitions.

z A Texp/s Teal/s  Taoller/s ) z A Texp/s Tear/s  Tiolier/s ]
22 54 1.5+0.4 0.4670 32.7051 42 108 1.0940.02 0.4940 2.1681
22 55 1.3+0.1 0.3472 0.1530 42 110 0.2740.01 0.2986 1.8202
22 56 0.200+0.005 0.2580 0.8214 43 106  0.0356+0.0006  1.7324 > 100
22 57 0.098+0.005 0.1921 0.0128 43 110 0.9240.03 0.6385 0.3209
23 59 0.09740.002 0.2218 0.0527 47 120 1.234+0.04 1.1509 0.5645
23 61 0.052640.0042 0.1232 0.0269 47 121 0.784+0.02 0.9047 0.4057
23 63 0.019240.0024 0.0685 0.0178 47 122 0.52940.013 0.7112 0.2027
26 66 0.4404-0.060 0.2629 2.6220 49 126 1.53+0.01 1.2698 0.5388
26 67 0.404+0.04 0.1973 1.1389 49 128 0.844+0.06 0.7916 0.4516
26 68 0.18040.019 0.1480 0.7673 49 129 0.6140.01 0.6250 0.3185
26 69 0.11040.006 0.1111 0.4021 49 131 0.284+0.03 0.3897 0.1471
26 70 0.07140.010 0.0833 0.2453
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Table 6. Calculated 8~ -decay half-lives of nuclei far from stability with the new parameters. The 8~ -decay

half-lives calculated by Méller et al.[°] and Zhang et al. [26) are listed for comparisons.

HARM 4 A Texp/s Teal/s Taviotter /5! Tzhang/s1%°)

BVFIRIE 21 56 0.026+0.006 0.0556 0.0138 0.0672
23 56 0.21640.004 0.9352 0.2028 2.4001

23 58 0.19140.010 0.3287 0.0524 0.4537

23 61 0.0526+0.0042 0.0685 0.0269 0.0710

25 60 0.28+0.02 1.9417 0.5617 3.0615

25 61 0.67+0.04 1.1484 0.2406 1.5613

25 63 0.27540.004 0.4018 0.0923 0.4811

25 64 0.09040.004 0.2376 0.0415 0.2805

37 97 0.16910.0006 0.1170 0.0462 0.2261

37 99 0.05440.004 0.0399 0.0418 0.0669

—REERRIT 16 39 11.540.5 20.3025 4.7477 0.5720
16 40 8.842.2 8.6880 48.4648 0.3942

16 44 0.10040.01 0.2913 1.1112 0.1858

17 43 3.1340.9 4.7349 1.1195 0.6789

17 44 0.56+0.11 2.0376 0.6050 0.5998

17 45 0.41340.025 0.8769 0.7549 0.4800

25 67 0.05140.004 0.0828 0.0250 0.0677

27 69 0.22940.024 0.8773 0.0766 0.4618

27 71 0.0800.003 0.1818 0.0394 0.2251

43 107 21.2+0.2 30.5993 >100 7.4327

TREERERIT 21 53 2.4+0.6 0.3035 0.1538 0.9680
21 54 0.52640.015 0.2252 0.0152 0.3568

21 55 0.0960.002 0.1672 0.0314 0.1458

23 57 0.32+0.03 0.3992 0.1434 0.9825

25 62 0.67140.005 0.4001 0.1585 0.8496

25 65 0.08440.008 0.1679 0.0289 0.1682

25 69 0.01840.004 0.0528 0.0141 0.0329

48 126 0.051540.017 0.5885 5.3689 0.4341

48 127 0.37+0.07 0.4637 2.5072 0.2574

48 128 0.28+0.04 0.3653 1.0021 0.1624

M 6 B H 3R 2 R A S R S 4y Moller 25 P ()i 55 A Zhang &5 (20 88 KARSF
JEF#% (3L 30 /M%) M B VIR . — 2 R &, HESE(MNZ = 16, A = 39X M, Lk
A AR ER I 1) B AR g K, AT 5 2 Zhang 51 HAHM 195 Z = 16, A = 44
B RSB AN T EEFEERG, s XA % Moller 55 v B 4E 2 SE 30 A 1 11 £%) 22 8
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Table 7. Using the formula (3) predicted that far from the stable line of 8~ -decay life-lives (Z = 53-56).
The S~ -decay half-lives calculated by Moller et al.ll and Zhang et al. (26] are listed for comparison.

Z A Tallow/s Tirst /s Tsecond/s Titoller B~ /5] Tzhang/s 20
53 146 0.0224 0.1195 0.2787 0.0288 0.0163
53 147 0.0145 0.0629 0.2220 0.0309 0.0094
53 148 0.0093 0.0332 0.1769 0.0288 0.0054
53 149 0.0060 0.0175 0.1409 0.0338 0.0031
54 149 0.0181 0.1456 0.3129 0.1050 0.0148
54 150 0.0116 0.0770 0.2498 0.0704 0.0085
54 151 0.0075 0.0408 0.1994 0.0364 0.0049
54 152 0.0048 0.0216 0.1592 0.0371 0.0029
55 152 0.0145 0.1810 0.3543 0.297 0.0135
55 153 0.0093 0.0964 0.2835 0.0495 0.0078
55 154 0.0060 0.0514 0.2269 0.0424 0.0045
55 155 0.0038 0.0274 0.1815 0.0327 0.0026
56 154 0.0180 0.4300 0.5049 0.0955 0.0213
56 155 0.0115 0.2304 0.4049 0.0768 0.0123
56 156 0.0074 0.1234 0.3247 0.0613 0.0071
56 157 0.0048 0.0661 0.2604 0.0561 0.0041

R, LR TRL, 2B 2802 R TR B
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W BB AR — R ET M G S8 E
(2, 46 5 B2 R EEERT A& S 86T
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F B AN F R BRAE 7 2 (BB R R BT
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KIUAEIT B B R E L - FEAH IR VPRI 5 4L
TR AT FA) = 3 ) SRR AR (T /2) 5 L B 5 1 4K
(Z) M35 (N) Z [ A AEFR HO . AR TR
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Abstract

[-decay half-lives are not only important parameters for studying the structures and decay properties of the exotic
nucleus far from stability, but also basic parameters for understanding the astrophysical phenomenon. Astrophysicists
need exact data of S-decay half-lives as input to build nucleosynthesis models for understanding the elements abundances
of our universe and solar system. For nuclei far from stability, experimental synthesis and further measurements on their
half-lives are rather difficult due to the rarity and radioactivity of target material for synthesizing these nuclei. In
theoretical respect, although there are many models such as finite-range droplet model plus quasi-particle random-phase
approximation (QRPA), microscopic density functional theory plus QRPA, Hatree-Fock-Bogoliubov theory plus QRPA,
and shell model etc., it is still a challenge to calculate 5-decay half-lives in a reliable way for nuclei far from the (-
stable line, partly because of the intrinsic complexity of nuclear multi-body problem. In empirical respect, Sargent
made an empirical study of S-decay half-lives in 1933 and discovered a law which is consistent with the Fermi §-decay
theory proposed one year later. From then on, there have been a few parametric models based on some of real physical
behaviors, which describe complex quantum many-body systems, such as the Kratz—Herrmann formula and the gross
theory. Recently, Zhang et al. discovered an exponential law describing S-decay half-lives and the nucleon number
(Z, N) of parent nuclei far from the stable line. A formula is proposed to calculate the S-decay half-lives of nuclei
far from stability, which can describe experimental data reasonably well. However, the differences between allowed
transitions and forbidden transitions are not fully considered in this formula. Zhang et al. used a set of parameters to
describe both allowed transitions and forbidden transitions. In this paper, we consider the different 5-decay half-lives
of allowed transitions and forbidden transitions, and propose an updated parameterization of this formula. A set of
parameters is obtained through fitting experimental data of different kinds of transitions with a least-square method.
With these new parameters, the theoretical calculation results are in good agreement with the experimental values.
The calculation accuracy is improved compared with previous version. By comparison with the complicated and time-
consuming microscopic calculation, the improved exponential formula can give the results of -decay half-lives for the
allowed transitions and the forbidden transitions in an effective and reliable way. According to the updated formula,
we predict half-lives of S~ -decay half-lives of some unknown nuclei far from the -stable line. These predictions are very
useful references for the experimental study of 5~ -decay of nuclei far from stability and for astrophysical applications.
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