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Fig. 1. Results and comparison of nuclear half-lives.
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Table 1. Calculation results and comparison of nuclear half-lives. These data are from Refs. [7,19,37,38].
B%E Qo/MeV R/fm T3, /s Tf% /s Tlre/f2 /s SCHER n/%
$e4Nd 1.907 7.755 (7.222+40.505) x 1022 7.371x10% 5.600x 102 [19] 0.304
$30Sm 2.529 7.758 (2.14440.221) x10' 1.889x10' 2.176x 10" [7] 0.180
$52ad 2.205 7.786 (3.406-£0.252) x 10! 3.640x102 6.276x 102 7] 0.240
So4Er 4.280 7.767 (4.786+0.266) x 10* 2.294x 104 3.890x 10* 37] 0.072
158Yb 4.180 7.790 (4.266+0.517)x 10 5.709% 106 4.169%x10° 38] 0.074
1T4Hf 2.559 8.161 (6.307+£1.261) x 10?2 4.944x1022 1.397x10% [7] 0.250
162w 5.675 7.787 1.3904+0.142 2.752 2.450 [19] 0.035
1860s 2.822 7.887 (6.307+£3.469) x 10?2 7.679% 1022 4.226x 1022 [7] 0.235
190py 3.243 7.895 (2.050+£0.095) x 101 2.422x10% 5.248x 1018 [37] 0.195
$08Hg 6.580 7.820 0.363-£0.010 0.416 0.091 38] 0.034
212po 8.953 8.676 (2.990+0.002)x 10 7 2.615%10°7 1.600x10°7 [19] 0.052
219Fr 7.460 8.457 (1.995+£0.517)x 10 2 3.079x10°2 3.020x102 [38] 0.072
220Ra 7.600 8.463 (2.512+40.060) x 10 2 2.728x10°? 1.660x 102 [38] 0.066
222Th 8.133 8.467 (2.818+0.302)x 10 3 3.433x10°3 2.188x10°3 [38] 0.062
238y 4.274 8.918 (1.40040.175) x 10'7 3.070x 10" 4.300x 107 [19] 0.213
238pu 5.593 9.196 (2.771+0.003) x 10° 2.930% 10° 4.400x10° [19] 0.139
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Abstract

With the development of pulse amplification and compression technology, the peak power of the pulse has
been improved by several orders of magnitude, and it is possible for the ultra strong laser field to affect nuclei
directly. The « decay, as one of the most major forms in nuclear reaction, is a critical research topic in nuclear
physics. According to the theory of Gamow model explaining nuclear o decay in quantum mechanics, double
folding model solving nuclear potential energy, and cluster model describing atomic nucleus, we present a
complete set of solutions for the half-life of nuclear a decay to study the influence of ultra strong laser field on
nuclear « decay. These half-lives of a decay of different nuclei from medium to heavy in the absence of laser
field are obtained, which accord well with the experimental data. Subsequently, we introduce the effects of ultra
strong laser field into our theoretical method to achieve the variations of the half-life of nuclear o decay.
Considering that the optical period of the laser pulse is much longer than the theoretical tunneling time and the
Lorentz force is much smaller than the Coulomb force, the laser field is treated as an electrostatic field. The
results show that the half-life of nuclear o decay will reduce about 0.1% by the strong laser field with a peak
power density of about 1.0x10?¢ W/cm?, demonstrating that the half-life of nuclear a decay is effectively
affected by the strong laser field. Furthermore, the influences of the nuclear parameters, e.g. total quantum
number G describing « particle orbits, and « decay reaction energy @,, on the variations of these half-lives of «
decay of different nuclei are discussed with the help of the calculation results. The dependence of the half-lives
of nuclear a decay on the laser peak power density is also explained correspondingly. In summary, we provide a
more accurate method of calculating the half-life of nuclear o decay, which is used to study the influences of
ultra strong laser field on these half-lives of nuclear o decay of different nuclei. With the further construction of
strong laser devices, more interesting phenomena and results will be found from the experiment on the atomic

nucleus under strong laser field.
Keywords: strong laser, « decay, half-life
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