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Fig. 1. Schematic representation of the configuration of the

emitted particle and daughter nucleus.
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Table 1.  Comparison between the experimental 2p decay half-lives of excited states and those within different models.
- g7 /2 /s
! Xp.
R Q7 /MeV ELDM GLDM UFMP)
2+ 0+ 2 1.200 >-16.1218 -15.49 -16.10 -16.02
“o*  2C 2t 0F 2 3.150 -18.22 -19.58 —-18.87
4+ 0F 4 3.3508 16.25 16.76 15.96
3/2 1/2 2 0.359:10) >-10.59010 —6.98 -6.79 -7.11
Ne* 1O 5/2° 1/2 2 0.8219:10] 12.41 12.68 12.73
1/2% 1/2 1 0.970-10] -14.20 -14.68 -14.69
2t 0F 2 0.5911 -10.59 -10.96 -10.91
BNe* 160
1 0+ 1 1.63011 —16.15f8‘82 [11.12] -16.34 -17.20 -16.79
2Mg* PNe — 0* 0 6.1105253 -19.75 -19.58 -18.97
— 0" 0 1.72—2.52054 -15.5— -134 -17.2— -14.7 -16.4— —14.3
229Gk 27G;
— 0" 0 4.32—5.1264 -18.4— -17.8 -19.2— -18.8 -18.9— -18.5
21+ 11T 6—10 1.90059) 1.90tggg [55] 9.42—14.63 8.22—13.38 9.38—15.21
1.9800) 8.61—13.80 7.41—12.55 8.56—14.37
MAgH  Rp*
2.0500 7.95—13.11 6.74—11.86 7.89—13.68
3.4500 —0.80—4.04 —2.03—2.75 —0.92—4.56
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Fig. 2. The 2p decay half-lives of the 21* isomeric state of **Ag within the ELDM and GLDM as functions of I. The shaded area

stands for the experimental half-life.
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Two-proton emission from excited states of proton-rich nuclei
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Abstract
The effective liquid drop model (ELDM) and the generalized liquid drop model (GLDM) are extended to

the case of studying the two-proton (2p) radioactivity from the excited states of proton-rich nuclei. It is shown
that the experimental 2p decay half-lives are reproduced well by the ELDM and the GLDM. Then, the 2p decay
half-lives of excited states of some nuclei that are not yet available experimentally are predicted by the two
models, which are useful for searching for the new 2p decay candidates in future. Meanwhile, the above
predicted half-lives are analyzed and compared with those given by the unified fission model (UFM). Next, the
influence of the uncertainties of the decay energy and the angular momentum on the half-lives are analyzed in
the frame of the two models by taking the 2p radioactivity of the 21* isomeric state of **Ag for example. It is
found that the half-lives go up with the increase of the angular momentum, following the law of the quadratic
function. Furthermore, the strong dependence of the half-lives on the decay energy suggests that it is important
and necessary to measure accurately the mass value of the parent nucleus and the daughter nucleus and the
excitation energy. Finally, it is necessary to point out that the existence of the 2p radioactivity in the 21"
isomeric state of “*Ag remains to be a mystery. Moreover, although the 2p radioactivity is observed from the
higher excited states of "Ne and '®Ne, the relevant hypotheses have not yet been further tested experimentally.
The construction of a new generation of radioactive ion beam facilities, such as the high intensity heavy-ion
accelerator facility (HIAF), is expected to be used to uncover the nature of the 2p radioactivity in the 21F
isomeric state of “Ag and further test the hypotheses of the 2p decay from the higher excited states of !"Ne and
18Ne. On the other hand, some microscopic models, such as the shell model, need to be further developed by
including some necessary physical factors, such as the tensor force, three-body force and accurate pairing force,
to describe the mechanism of the 2p emission of the excited states more reasonably. In summary, more nuclear
structure information can be extracted by studying the 2p radioactivity of the excited states. It is worth
studying further although it is rather difficult to observe.

Keywords: two-proton radioactivity, excited states, half-life, effective liquid drop model, generalized liquid
drop model
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