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F1 o —EEFTF RO AR DG SE IS AL HE, HHh B OB S IR BT RSB R BUE, Qexp A Qrrom 53
I (BRI R BIAREESL, H NNDC A AME 2020 181 Hi (9 52 98 (645 1] B4041) 1 FRDM Pt B9 15 3] 19 5 5 g,
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Table 1.  Experimental data of various proton emitters, where the orbital is occupied in the spherical limit, Qexp and
Qrrpm are the decay energy by experiments (obtained from NNDC and AME 2020831041 except for those specifically marked
values) and FRDM theory®l, 3 4 are deformation parameters, 7’ f;% is the experimental half-life, and the last two columns

denote the spectroscopic factors calculated by RMF and deformation-dependent fitting.

% nt; Qexp/MeV Qrrom /MeV B2 Ba log Tf);;; ST St
1097 2d5/2 0.820 0.821 0.139 0.056 ~4.029 0.726 0.099
12Cg 2d5 2 0.816 0.901 0.185 0.052 -3.310 0.369 0.063
13Cs 2d3 /2 0.973 0.681 0.195 0.054 —4.752 0.373 0.057
U7 2d3/2 0.820 0.581 0.282 0.106 ~1.602 0.311 0.024
121py 2d3 /2 0.890 0.671 0.304 0.087 ~2.000 0.122 0.019
130Ey 2d3/2 1.02843] 1.111 0.331 0.018 ~3.046 0.816 0.014
B1Eu 2d3 /2 0.947 0.961 0.331 0.018 ~1.699 0.029 0.014
185 2f7 /2 1.188 1.131 0.322 -0.037 -3.027 0.028 0.016
M0 2f7 /2 1.094 0.881 0.276 -0.047 ~2.222 0.952 0.025
H1Ho 2f7 /2 1.177 0.761 0.253 -0.039 ~2.387 0.008 0.032
L1 om 3s1/2 1.243 0.827 0.253 -0.039 ~5.137 0.048 0.032
Ty Lhyy /2 1.712 1.201 0.254 ~0.064 -5.721 0.55843] 0.031
5T 1hyy 2 1.736 1.141 0.231 -0.068 ~5.499 0.580 0.039
U6Tm Lhyy /2 1.196 0.951 0.219 ~0.057 ~1.125 0.962 0.045
U6y m 1hyy 2 1.120 0.833 0.219 —0.057 ~0.703 0.962 0.045
W Tm Lhyy /2 1.059 0.661 -0.187 -0.022 0.587 0.581 0.187
Wy m 2d3/2 1.127 0.729 -0.187 -0.022 ~3.444 0.953 0.187
150,y Lhyy /2 1.270 1.001 -0.167 -0.035 ~1.197 0.497 0.199
By 1hyy 2 1.241 1.001 -0.167 -0.035 -0.896 0.490 0.199
5L ym 2d3/2 1.319 1.079 -0.167 -0.035 ~4.796 0.858 0.199
155, 1hyy 2 1.453 1.191 0.021 0.000 ~2.538 0.422 0.324
156 2d3/2 1.020 0.591 -0.063 0.001 ~0.842 0.761 0.274
156 m 1hyy 2 1.122 0.693 -0.063 0.001 0.933 0.493 0.274
57T 3s1/2 0.935 0.771 ~0.084 0.014 ~0.527 0.797 0.257
159Rem 1hyy 2 1.720 1.301 0.085 0.003 ~4.665 0.38714] 0.171
160Re 2d3/2 1.267 0.821 0.107 0.004 -3.045 0.507 0.137
161Re 3s1/2 1.197 0.761 0.128 0.018 ~3.357 0.892 0.111
I61Rem Lhyy /2 1.321 0.885 0.128 0.018 —0.678 0.290 0.111
164 ym 1hyy 2 1.814 1.928 0.118 -0.007 —4.155 0.3390431 0.123
165]pm Lhyy /2 1.740 1.311 0.129 0.006 ~3.462 0.187 0.110
166Ty 2d3/2 1.152 0.711 0.140 -0.005 -0.824 0.415 0.098
1667y Lhyy /2 1.324 0.883 0.140 ~0.005 -0.076 0.188 0.098
167]y 3s1/2 1.070 0.731 0.151 ~0.004 ~1.028 0.912 0.088
167 pm Lhyy /2 1.245 0.906 0.151 ~0.004 0.848 0.183 0.088
10Ay 2d3/2 1.472 0.981 0.129 0.007 -3.493 0.511 0.110
10 Ay Lhyy /2 1.757 1.266 0.129 0.007 -2.973 0.137143) 0.110
T Au 3s1/2 1.448 0.961 0.129 -0.006 ~4.770 0.848 0.110
Ay Lhyy /2 1.707 1.220 0.129 -0.006 ~2.654 0.087 0.110
176 3s1/2 1.265 1.031 -0.115 -0.03 ~2.284 0.926 0.233
177 3s1/2 1.156 0.981 -0.115 -0.03 -1.176 0.733 0.233
177 m 1hyy 2 1.963 1.788 -0.115 -0.03 ~3.346 0.022 0.233
1854 3s1/2 1.598l46] 1.611 0.000 0.012 4.191 0.011 0.400
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Fig. 1. The daughter-proton interaction potential in '*'Lu in
the spherical case and the Gamow state wave function of
the emitted proton. The solid lines denotes different parts
of potential, while the real part (green dashed line) and the
imaginary part (purple dashed line) of the wave function
are corresponding to the right axis with the real part of the

energy as the yellow dotted horizontal line.
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Fig. 2. The angular distrbution of the deformed radius
(dashed line) and the decay width (solid line).
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Table 2. Data calculated by our theoretical model, using different spectroscopic factors and decay energies in Table 1. The
second and third columns correspond to the experimental decay energy®40-4 while the fourth and fifth columns correspond
to the decay energy obtained by FRDMPY as Qprpwm .- The last two columns are the results of other theoretical works.

FET LR LRE HTFRDMZEZERE HAb IS4G R
e log, TF/I\%F logy Tlﬁ}g log, TF%F log; Tlﬁ;z Ref. [11] Ref. [44]
1097 —4.673 -3.809 —4.688 -3.824 —4.098 -3.507
H2Cs —3.587 -2.816 —4.823 —4.053 -3.261 —2.844
H3Cs —5.746 -4.928 -1.171 -0.353 —5.599 —4.796
HTLa —2.884 -1.765 2.101 3.219 -2.699 -2.072
e —2.840 -2.032 1.147 1.955 -3.020 ~2.552
1B0Eu 4.218 2.468 5.211 3.461 3.470 3.121
BlEu -1.680 -1.379 —-1.876 -1.575 —2.354 -2.141
135Th -3.279 -3.033 -2.652 -2.405 -3.647 -3.380
40Ho -3.123 —1.545 -0.031 1.547 —-1.909 -1.902
WHo -2.013 -2.611 4.341 3.743 —2.878 -2.811
14 om —5.188 -5.007 0.549 0.729 —5.588 —5.783
WTm —5.435 —4.185 —1.044 0.206 —4.686 -5.216
45 Tm —5.603 —4.436 —0.355 0.812 —4.835 —5.401
6T m -1.214 0.120 2.058 3.393 -0.204 —1.272
M6 -0.313 1.022 4.129 5.463 0.702 -0.999
Wi Tm 0.725 1.218 8.322 8.814 0.408 0.681
WTmm 3.591 2.884 3.079 3.786 3.728 2.455
10y 1.148 0.750 2.250 2.647 1.530 1.199
BILu —0.844 -0.452 2.248 2.639 -1.211 -0.911
BILy™ -5.053 —4.418 -2.304 -1.669 -5.213 -3.899
15T -2.318 -2.204 1.191 0.509 -2.764 -2.397
156Tq —0.986 —0.542 8.836 9.280 -0.901 —0.180
16 gm 1.177 1.433 9.178 9.434 0.839 1.101
17T —-0.299 0.193 2.923 3.416 —0.505 -0.797
159Rem —3.966 -3.610 —-0.290 0.066 —4.399 —4.586
160Re -3.136 —2.568 3.681 4.250 —3.438 —2.450
161Re -3.439 -2.533 3.901 4.807 -3.575 —3.277
161Re™ -0.415 0.003 5.771 6.189 -0.910 -0.729
1647pm 4.152 3.711 4.890 4.448 4.577 4.247
165]pm 3.392 3.161 0.413 0.645 4.051 3.550
1667y —~1.080 -0.454 7.189 7.814 —~1.386 -0.801
1667y m 0.255 0.537 6.672 6.953 —-0.370 -0.344
167]p -1.142 -0.126 5.450 6.465 -1.186 —1.347
167 pm 1.142 1.460 6.213 6.530 0.532 0.546
10Au —4.130 -3.462 2.053 2.720 —4.331 -3.254
10Au™ -2.954 —2.857 1.592 1.688 -3.693 -3.330
M Au —4.954 —4.066 1.332 2.220 —5.028 —4.460
T Aum -2.390 -2.491 2.344 2.243 -3.313 -2.992
17671 —2.470 -1.871 0.799 1.397 -2.451 -2.361
7T -0.978 —0.481 1.742 2.239 -1.035 -1.263
rm 3.149 4.174 1.962 2.988 4.611 3.543
18Bj -3.383 —4.944 -3.495 -5.055 -5.214 —4.730
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Fig. 3. Errors of the theoretical model in experimental and
FRDM decay energies: (a) Using the spectroscopic factor by
fitting; (b) using the spectroscopic factor of RMF theory.
The shaded region indicates that the difference between our
calculated value and the experimental value under loga-

rithmic conditions is smaller than 1.
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Fig. 4. The difference between this work and other theore-
tical methods (including an analytic semiclassical solution/!!
and the new Geiger-Nuttall law!*l). The horizontal axis de-
notes the nucleon number of the parent nucleus, while the
vertical axis illustrates the difference between the

logarithms of the calculated and experimental half-lives.
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Table 3.
lives of fpg-shell possible proton emitters. The decay

The theoretical prediction on the half-

energy () is taken from the proton separation energy
in NNDC and AME 20208141 (The superscript #
denotes values that are not obtained from purely ex-
perimental data in AME 2020), and the deformation
parameters 2 4 and spectroscopic factor S}?HB are
obtained by the results of FRDMP) and RHB!*I, re-
spectively. The predicted half-lives (unit: s) using

our model are listed in the last column.

BRORTHE QMeV Bz By SK® logyo TT)
0Ga  2p3/2  0.340% 0.106 0.041 0.53 -5.140
BAs  2P3/2  1.350% 0.184 0.014 0.61 -15.627
6By 15/ 0.500# 0.220 -0.082 0.80 -5.071
Br 1f5/2 0.640 0.233 -0.106 0.78 —7.489
“Rb s/ 0.710# -0.357 0.022 0.83 —7.713
BRb 1fs;2  0.640 -0.366 0.025 0.83  -6.751
Y lggsa 1.720%  0.401 0.001 092 —12.882
vy lggs2  1.080% 0.402 -0.012 0.84 -9.505
8INb  189/2  1.110% 0.430 -0.047 0.12 -8.391
Te  Ifs2  1.350%  0.492 -0.021 0.90 —11.544
8Rh 1892  1.580* -0.243 -0.101 0.73 —10.976
2Ag 1gg/2  1.350# -0.011 0.000 0.56 -9.074
BAg 1gg/2  1.090% 0.000 0.000 0.39 —6.967
% lggs2  1.680% 0.053 0.001 0.49 -10.374
mn  1gg/2  0.890# —0.021 0.000 0.19 -3.965
10-5A ¢ (a) t \40 (b)
-] \ (]
< ¢o ] \ & \i‘\
E 10-10 1 " - - \ . \'\ =
) L] ' ‘m
E ¢ (NN,
] Al=1 B>
O (=3
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Proton number Decay energy/MeV
Pl 5 2 SCHIS TR BY B4 30—50 (19— FR 51 BT U
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Fig. 5. The predicted half-lives for serial proton emitters in

the range from Z =30 to Z =50 in this work, and the

dependence on (a) the proton number of parent nuclei and

(b) the decay energy, which is consistent to the Geiger-Nut-

tal law as the dashed lines.
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Theoretical calculations on half-lives of spontaneous
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Abstract

Studying unstable nuclei beyond the nucleon drip line is an important method to study the nuclear
interaction and structure in the extremely neutron- or proton-rich systems. Various nuclides beyond the proton
drip line mainly decay through spontaneous one-proton emission. Using deformed Woods-Saxon potential, spin-
orbit potential, and expanded Coulomb potential to construct the daughter-proton potential, the half-life data
of various proton emitters are systematically calculated based on the quantum tunneling model and the
microscopic Gamow state theory. By using nuclear data from different sources and comparing them with the
measurements, the dependence of proton emission on decay energy and spectroscopic factors is evaluated.
Additionally, based on previous observations, the half-life of the possibly lighter proton emitter in the fpg-shell
below has been theoretically predicted. Our results are compiled into a comprehensive dataset of half-lives for
both experimentally confirmed emitters (50 < Z < 84) and theoretically predicted emitters (30 < Z < 50),
providing a useful reference for future experimental investigations related to the proton drip line. The datasets
presented in this paper, including our results of calculation, are openly available at https://www.doi.org/
10.57760/sciencedb.27551.
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