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# 1 (10) XIS RBL
Table 1.  The fitting parameters of Eq. (10).

i HoAth
ZH 126 < N< 152 N> 152 126 < N < 152 N > 152

a -0.3583 0 5.2940 0
b 0.0298 -0.0099 0.0388 -0.0606
c 0.0022 0.0382 8.7843x10*  0.0214

d 0.0017 0.0102 -0.0241 0.0042
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Fig. 1. The values of log;,r as functions of the neutron num-
ber N.
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Fig. 2. The nuclear-nuclear interaction potential in o decay
of 20g.

F2  Z>2ERMBES o AR EISE S LI EZ R AT B2 & FbrfERZE Vo2
Table 2. The average deviation & and the standard deviation Vo2 between the calculated ones and the experimental
data of the heavy and superheavy nuclei with Z > 92.
o Vo2
Hi : i i
S H(n = 178) B-fH(n = 56) Heth(n = 122) JME(n = 178) H-{H (n = 56) Hth(n = 122)

UFM 0.5760 0.6617 0.5367 0.7066 0.7292 0.6960
IMUFM1 0.5619 0.6822 0.5067 0.6855 0.7434 0.6572
IMUFM2 0.3816 0.2232 0.4544 0.5320 0.3390 0.6002
K3 Z>1N0EER o RSB E S IS, b Q. A TICHK [76], S AR/ [ HETFR
HCE SCHR (77
Table 3. The experimental and calculated o decay half-lives of superheavy nuclei with Z > 110 . Here the @, values taken

from Ref. [76], and the experimental o decay half-lives and the nuclear spin parity taken from Ref. [77], respectively.

logy o T2 /s

A% T Qo/MeV J7 I3 I logyo TE /s
UFM IMUFM1 IMUFM2
%D 265Hs 11.78 324 3/2+# 0 5.00 4.956 4.764 4.295
29D 265Hs 11.51 — 3/2+# 0 3.638 4.384 4.194 3.777
70D 206Hs 11.117 0" 0" 0 3.688 3.479 3.340 3.602
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%3 (4h)
FRRILA SCHR [77]
Table 3 (continued).

Z > 110 BEF o SN LR E S EEE, Kb Q, (A T3CHK [76], S s s 120 A BiE

The experimental and calculated o decay half-lives of superheavy nuclei with Z > 110 . Here the @), values

taken from Ref. [76], and the experimental « decay half-lives and the nuclear spin parity taken from Ref. [77], respectively.

10g10T]§§1'/s

B T Qu/MeV It 5 I log, o T{5™ /s
UFM IMUFM1 IMUFM2

213Dg 269H s 11.37 — 9/2+# 0 -3.620 —4.105 -3.934 -3.620
Rg 268\t 11.197 — — 0 —2.377 -3.377 —3.205 —2.783
28Rg 214\t 10.85 — — 0 -2.097 -2.596 -2.403 -2.134
2Rg 2I5Mt 10.53 — — 0 —0.77 -1.794 -1.616 -1.373
20Rg 2T6Mt 10.149 — — 0 0.633 —0.786 —0.623 —0.405
277Cn 213Dg 11.62 — — 0 -3.102 —4.095 -3.910 -3.534
281Cn 21TDg 10.43 — — 0 -0.745 -1.212 -1.121 -0.847
282Nh 78Rg 10.78 — — 0 —0.854 -1.800 -1.753 -1.422
284Nh B0Rg 10.28 — — 0 -0.013 —0.492 -0.422 -0.142
28Nh BIRg 10.01 — — 0 0.663 0.258 0.328 0.581
286Nh B2Rg 9.79 — — 0 1.079 0.891 0.911 1.139
25F] 21Cn 10.56 — — 0 -0.678 -0.932 —0.883 —0.547
286 282Cn 10.36 (U 0+ 0 —0.657 -0.390 —0.351 —0.836
BTR] 283Cn 10.17 (U — 0 -0.292 0.130 0.168 0.453
28] 284Cn 10.076 (U 0+ 0 -0.185 0.386 0.272 -0.309
29F] 285Cn 9.95 — — 0 0.322 0.731 0.627 0.860
28TMec 283Nh 10.76 — — 0 -1.222 -1.140 -1.107 -0.741
28Mc 284Nh 10.65 — — 0 —0.752 —0.861 —0.828 —0.487
289Mc 285Nh 10.49 — — 0 —0.387 —0.442 —0.408 -0.093
290Mec 286Nh 10.41 — — 0 -0.076 -0.232 —0.200 0.090
20y 286 ] 11 0" 0+ 0 -2.046 —1.458 —1.444 —1.846
21,y 2TR] 10.89 — — 0 -1.585 -1.186 -1.172 —0.826
292y 28817 10.791 (U 0+ 0 -1.796 -0.940 —1.052 —1.551
293y 2891 10.68 — — 0 —1.155 -0.667 —0.737 —0.442
293 29\ ¢ 11.32 — — 0 -1.602 -1.973 -2.238 -1.861
294 200M e 11.18 — — 0 —1.155 -1.636 —1.881 -1.530
210g 2901y 11.87 0+ 0+ 0 -3.155 —2.985 -3.110 -3.430

WA E R BE(E. NFE 3T LIRS, fE—E iR
YRR, 3 AN RRAS AT AAS [R) 2 b 7 90502 6 5040
XFFE 3 b RZH0W R, IMUFM1 A1 IMUFM2
FI TS BE LT UFM, 3 BRI A IMUFM2 3154
RIS TEH2 0 T SO Bs. R, 7675 R 1%
TEARRON (R 2 |, 51 ATRIE B T 22 .
FATHGE o AN Q HM KB EH
U, SR, MBI o FEARRESE AN,
DL, WIS A1 138 5 R R A% A o R R Q, 1
Bl Qo = M, — Mg — M,y , Hop My g0 R B EL
H D o R BT, I, nTEEr s
TR S MR A o TEAERERR Ok 4
1ERHAT, AMIIEZK R T R o Al 7880

H 3k S J e A AR R % AN (] R bt P 300 A S
il Q, (R SCEEE B0 ASCRI A FRDM 201217,
WS4B0 I KTUYBY =Ffi i s R B T 2 =
118—120 Al REE W Q, 1. HF IMUFM2E4E
IMUFM1 (566G B0t iy, 9 H IMUFM2/ Bk
R e, T LA 4 8T IMUFM2 9100 5 45
S HAT, S EAUNE T 240g 1 Q, AR
=, HAE %M 11.87 MeV F1-3.155 s. M3 4
A LIAE ], FIFH FRDM2012, WS4 fl KTUY =Fh
o A AL B B Q. E 43 AR 12.365, 12.198F
11.165 MeV, X W B o 52748 2 5 1 433l ok —4.382,
~4.017 F1-1.571 s. B T FIH WS4 Jit & 452 A 42
1 Qo MHHHE TS0 1H, BBOX TR BA I 5 1Y
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o AR SR BAE AT S AN, AR
WA E I Q, [HAAEEZE R, S SR 1Y
P R BB G 20,

BT o A H &S (spontaneous fission,
SF) & #8 H A% 7y Ah— b S AR RS A Y
FOE PR O T Ao B 5E 4. h T H
R BA TN 2 BEHLE, BT DAEG H iR

& 2475 1y B 3k P AR A5 S 0 R Y. 1955 4R,
Swiatecki® % R T4 I & 2448 1 BEALME L K 5%
JEESH R S Y BN Rl A B R
S I SRR A2 AL 25,
WFFE B AR A T3 T AR 22 Btk i AR (85901,
R T HE Z = 118—120 [ R ik IR M o
555 [ R B v A, ASSORI 2 TR (ST ng

# 4 FHIMUFM2 WiEM Z = 118—120 [RI{7 R4t o WAL, Q. 4 HH FRDM2012), WS40 Fl KTUYSY

[t A

Table 4. The predicted o decay half-lives of superheavy nuclei with Z = 118-120 isotopes within the IMUFM2 by input-
ting the @Q, values that extracted from FRDM2012[™, WS46, and KTUY®! mass tables, respectively.

‘ FRDM2012 WS4 KTUY
R Q./MeV log, T8 /s Qo/MeV log, TG4 /s Q./MeV logy o TG4 /s
2820g 13.115 5.234 13.494 5.960 12.935 4.877
Bi0g 13.565 ~6.311 13.227 ~5.673 12.745 —4.711
B60g 13.045 ~5.346 12.915 ~5.087 12.335 -3.873
280g 12.855 5.081 12.616 4.591 11.905 3.035
200g 12.665 ~4.786 12.601 ~4.653 11.645 -2.523
220g 12.385 ~4.301 12.240 ~3.987 11.465 -2.194
240g 12.365 4.382 12.198 4.017 11.165 1.571
260g 12.275 ~4.335 11.752 -3.151 10.945 ~1.148
250g 12.485 ~4.901 12.182 ~4.243 11.115 ~1.705
3000g 12.505 5.062 11.956 3.852 11.035 1.617
3020g 12.615 ~5.407 12.041 ~4.168 10.945 ~1.504
3040g 13.395 ~7.080 13.122 ~6.557 12.435 ~5.146
285119 14.055 6.359 13.612 5.553 13.085 4.451
%7119 13.365 ~5.366 13.278 ~5.195 12.705 ~4.041
9119 13.465 -5.311 13.157 ~4.716 12.455 ~3.268
21119 13.235 4.941 13.048 4.573 12.165 2.705
208119 12.915 ~4.362 12.715 ~3.949 11.985 ~2.355
25119 12.935 ~4.477 12.758 ~4.113 11.705 ~1.774
27119 12.895 4.501 12.424 3.512 11.285 0.853
29119 13.075 ~4.929 12.764 ~4.298 11.475 ~1.389
301119 13.075 ~5.012 12.426 ~3.664 11.345 ~1.150
303119 13.105 5.141 12.416 3.707 11.215 0.887
305119 13.855 ~6.639 13.424 ~5.828 12.815 ~4.628
25120 13.845 -6.523 13.725 -6.303 13.105 -5.110
20012() 13.745 6.571 13.700 6.488 12.835 4.796
202120 13.775 -6.215 13.467 ~5.634 12.715 ~4.125
24120 13.485 ~5.788 13.242 -5.315 12.495 ~3.774
206120 13.585 6.103 13.343 5.640 12.225 3.306
28120 13.235 ~5.804 13.007 ~5.345 11.625 ~2.280
300120 13.695 ~6.572 13.319 ~5.854 11.885 -2.784
30212() 13.545 6.421 12.890 5.125 11.795 2.704
304120 13.545 ~6.529 12.763 ~4.970 11.515 -2.135
30612() 14.275 ~7.977 13.787 ~7.108 13.225 -6.028
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Fig. 3. The logarithm half-lives of o decay and spontaneous fission as functions of the neutron number N.
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Abstract

An unified fission model (UFM) has been improved by considering the nuclear deformation effect and
introducing an analytical expression of preformation factor. The improved version of the UFM by taking into
consideration the nuclear deformation effect is named IMUFM1. Based on the IMUFMI1, the further improved
version is termed IMUFM2, which incorporates an analytical expression of the preformation factor. Within the
UFM, the IMUFM1 and the IMUFM2, the o decay half-lives of heavy and superheavy nuclei with Z > 92 are
systematically calculated. The calculated standard deviation between the calculation results and the
experimental data shows that the accuracy of the IMUFMI is improved by 2.45% compared with that of the
UFM. The accuracy of the IMUFM2 will be further improved by 32.09% compared with that of the IMUFMI,
which implies that the nuclear deformation effect and the preformation factor are both important in prediction.
Then, the o decay half-lives of Z = 118-120 isotopes are predicted from the IMUFMI1 and the IMUFM2 by
inputting the o decay energy values that are extracted from the sinite-range droplet model (FRDM), the
Weizsicker-Skyrme-4 (WS4) model and the Koura-Tachibaba-Uno-Yamads (KTUY) formula, respectively. The
observed evolution of the o decay half-lives indicates that the evolution trends obtained from the above-
mentioned three mass models are consistent with each other and the shell effects occur at N = 178 and 184, but
their orders of magnitude, obtained from different mass models, are different from each other. Meanwhile, the
comparison of half-lives between o decay and spontaneous fission shows that the dominant decay modes of the
superheavy nuclei with N < 186 are a decay. Finally, the decay modes of 2*6Og, 297119 and 2120 «a decay chains
are predicted within the IMUFM1 and the IMUFM2 by using these three mass models, showing that the
predictions from the WS4 mass model and KTUY mass model are more consistent with the experimental
measurements. Form the FRDM2012 mass model, the predictions of 2%F1, 2Nh and *0F1 within the IMUFM1
mass model are not consistent with the experimental measurements, however, the prediction of ?®FI from the
IMUFM2 is good agreement with the experimental measurement, which once again verifies the rationality and
reliability of the IMUFM2. This study may be helpful for identifying new nuclide in future experiments.

Keywords: superheavy nuclei, unified fission model, o decay, spontaneous fission
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