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Abstract [Background] To date, various nuclides up to Z = 118 have been discovered and synthesized, raising the
challenge of synthesizing nuclides with Z > 119. Recently, the fusion-evaporation reactions ** Am (**Cr, xn)*7~*119
and ** Am (% Mn, xn) ** =120 have been suggested as methods for synthesizing new elements with Z = 119 and 120.
As a-decay is a powerful tool for the identification of new elements or nuclides, accurate predictions of the a-decay
properties of the reaction products could be a useful reference for future experiments. [Purpose| This study aims to

provide quantitative predictions of the a-decay, spontaneous fission, and f-decay half-lives for the a-decay chains of
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5294119 and ****°120 and to demonstrate the competition between the decay modes for these nuclei. [Methods] An

improved density-dependent cluster model (DDCM+ ) is used to calculate the o -decay half-lives, taking the

anisotropy of the surface diffuseness into account. The spontaneous fission half-lives are calculated using the Karpov

formula, which is related to the fissility parameter and fission barrier height of the potential energy surface. The

-decay half-lives are determined using a finite-range droplet model (FRDM). [Results] The predictive a-decay half-
lives for the a-decay chains of ****119 and ****120 are obtained using the DDCM+ model, and the theoretical half-

lives of the spontaneous fission and P-decay for these nuclides are also presented. [Conclusions] For the o-decay

chains of *****119 and ****120, a-decay is predicted to be the dominant decay mode for most of the nuclei, while the

half-lives of spontaneous fission and -decay are predicted to be comparable to those of the a-decay near the region

of 4 =261. We expect that these results will serve as a useful reference for the synthesis of new isotopes in the future.

Key words a-decay, Spontaneous fission, Superheavy nuclei, Half-life
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Table 1 Predictions of half-lives of a-decay, spontaneous fission, and B-decay for a-decay chains of *>**119 and ****120

IS oM /MeV T™/s o™/ MeV T™/s ™ /s Ty /s 0,/ MeV T,/s
Nuclide

2119 1% E a A2 H% a-decay chain of *°119

119 12.30 1.51 x10™ 12.92 7.88 x107 2.75x10°° 1.75%10" 6.24 1.01x10°
Ts 11.83 4.49 x10™ 11.98 2.07 x10™ 8.13x10™ 1.21x10° 5.65 4.94x10°
*Mc 11.47 7.74 x107 10.30 6.90 X107 3.12x10° 5.38x10° 4.77 1.39x10°
*'Nh 11.16 7.19 x10™ 10.76 6.84 x10° 4.53%107 1.15x10" 391 2.64x10°
Rg 10.78 1.43 X107 11.49 3.20 x107° 2.07x10™ 2.02x10" 3.40 2.10x10°
Mt 10.21 9.10 x107 9.78 1.35 x10™" 1.03x10° 8.51x10° 2.48 1.53x10°
**Bh 9.47 2.22 x10™ 8.24 2.09 x10° 1.57x10* 2.94x10’ 2.18 4.49x10*
**Db 8.68 1.25 x10' 7.70 3.90 x10* 2.73x10° 2.13x10° 1.80 5.46x10°
*'Lr 7.96 6.28 x10° 7.72 5.02 x10° 3.69x10* 7.13x10° 1.17 7.59x10°
P19 & a A4 a-decay chain of 2119

119 12.15 3.82 x10™ 12.85 1.35 x10°7 8.41x107° 4.38x10" 6.91 1.10x10°
*Ts 11.62 1.63 x107 11.85 4.97 x10™* 3.52x107 5.08x10° 6.43 3.20x10°
**Mc 11.21 4.07 107 10.21 1.53 x10° 1.22x10" 2.35x10* 5.64 1.57x10°
*Nh 10.88 3.80 x107 10.02 7.23 x10° 9.55x10° 6.32x10" 491 1.22x10°
*Rg 10.54 6.66 X107 11.26 1.28 x10™* 1.53x107° 2.27x10° 4.32 6.16x10"
Mt 10.07 2.72 X107 10.01 3.95 x107 5.21x10™ 3.94x10" 3.37 3.36x10°
**Bh 9.40 4.00 x10° 8.33 1.18 x10* 1.66x10" 2.40x10’ 2.90 4.50x10°
Db 8.61 2.68 x10' 7.45 4.99 x10° 5.93x10° 1.42x107 2.80 7.02x10°
Ly 7.83 2.39 x10° 7.39 1.30 x10° 1.59x10° 2.71x10° 2.25 3.73x10°
24120 % & o F A8 a-decay chain of 120

120 12.71 2.32 x107° 13.49 7.15 x107 6.21x107 7.62x107 5.69 1.65x10"
*Og 12.25 6.27 x107° 12.67 8.47 x10°° 8.31x10°° 1.81x10™ 5.05 8.05x10"
Ly 11.90 1.07 x10™ 11.68 3.35 %107 3.47x10™ 5.10x10° 4.23 3.82x10°
*F] 11.60 9.30 x107° 9.96 1.30 x10° 2.30x10° 7.51x10° 2.76 6.93x10°
*Cn 11.22 1.56 x10™ 12.17 1.38 x10°° 2.22x107° 2.91x107° 2.82 3.78x10
*Ds 10.66 8.55 x10™* 10.38 4.38 107 8.61x107 2.75%10° 1.91 5.57x10°
“Hs 9.93 1.59 x107 8.79 3.93 x10' 8.09x10" 1.48x10* 1.54 8.67x10°
*Sg 9.14 6.31 x10™ 8.12 1.56 x10° 3.00x10° 1.62x10° 1.08 1.49x10°
*Rf 8.43 2.17 x10' 8.10 3.07 x10° 6.12x10° 2.26x10° 0.42 1.25x10*
120 1% & o A HE o-decay chain of *°120

120 12.57 7.29x107° 13.46 1.31x10°¢ 8.27x10°° 3.12x10™ 6.38 2.43x10"
*'0g 12.05 2.77x107" 12.55 2.38x107° 1.73x107 1.29x10? 5.86 1.01x10°
MLy 11.64 6.25x10™ 11.20 6.69x107° 5.61x107 4.26x10° 5.07 6.24x10°
*F] 11.32 6.76x10™" 9.83 5.17x10° 6.38x10' 6.06x10° 4.08 8.94x10°
Cn 10.99 8.61x10™ 11.65 2.67x10°° 3.44x10™ 2.97x10™ 3.71 1.54x10"
Ds 10.52 3.09x107 10.78 7.12x107 9.73x107 1.65x10° 2.85 5.05x10°
'Hs 9.86 3.86x107 8.85 3.95x10" 6.00x10° 4.80x10° 2.18 2.83x10*
*'Sg 9.07 1.61x10° 7.93 1.25x10* 1.76x10° 2.20x10° 2.05 5.60x10’
RS 8.31 9.14x10' 7.71 1.37x10* 1.97x10° 2.63x10° 1.39 2.04x10°
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Competition between a-decay, spontaneous fission, and B-decay for a-decay chains of **119 (a),

Y119 (b), 120 (c) and **120 (d)
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