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Theoretical studies on two-proton radioactivity
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The Coulomb and proximity potential model for deformed nuclei (CPPMDN) have been used to compute
half-lives of two-proton (2p) radioactivity of 6Be, 12O, 16Ne, 19Mg, 45Fe, 48Ni, 54Zn, and 67Kr, and the values
are compared with the experimental data. The predicted half-life values are also compared with six theoretical
models and two empirical formulas. The standard deviation is least for the model CPPMDN (σ = 1.03),
compared to other theoretical models and formulas, which indicates that CPPMDN is the apt model for studying
2p radioactivity. I extended the model to predict half-lives of other 15 even-Z nuclei for which 2p radioactivity is
energetically possible with released energy, Q2p > 0, and hope that the predictions may serve as a guide for future
experimental investigations. The observed linear nature of the new Geiger-Nuttall plot of log10[T1/2(s)] computed
using CPPMDN versus (Z0.8

d + �0.25)Q−1/2
2p , stresses the reliability of the model in predicting 2p radioactivity

half-lives.

DOI: 10.1103/PhysRevC.104.064613

I. INTRODUCTION

The two-proton (2p) radioactivity, the simultaneous emis-
sion of the two-proton is a new exotic decay mode from the
unbound even-Z nuclei near or beyond the proton drip line.
The experimental and theoretical study on 2p radioactivity
will provide information on the nuclear structure. The phe-
nomenon was first predicted in the 1960s by Zel’dovich [1]
and Goldansky [2,3]. The first experimental evidence of 2p
radioactivity was discovered in the decay of 45Fe [4,5], more
than four decade after its theoretical prediction. Subsequently,
two-proton radioactivity was observed from 54Zn [6], 48Ni
[7], 19Mg [8], and 67Kr [9]. The two-proton emission from
very short-lived nuclei, e.g., from 6Be [10], 12O [11], 16Ne
[12], and 19Mg [13] were also observed. Furthermore, the 2p
radioactivity of the long-lived isomer 94Agm, whose parent
nucleus has a very large deformation, was observed by Mukha
et al. in an experiment performed at GSI [14].

A number of theoretical models, the direct decay model
[15–20], the model which treats 2p radioactivity as simul-
taneous or sequential decay [2,21], and the diproton model
[22–25] have been proposed. Gonçalves et al. [26] treated
the 2p emission process as 2He cluster radioactivity and com-
puted half-lives of 2p emitters using the effective liquid drop
model (ELDM) and found an agreement with experimental
data. The authors also predicted half-lives of 33 energeti-
cally possible 2p emitters whose released energy is Q2p > 0.
Motivated by the work of Gonçalves et al. [26] many pa-
pers have been published by several authors using different
theoretical models [27–32] treating 2p radioactivity as a
2He cluster decay process. The work of Cui et al. [28]
using the generalized liquid drop model (GLDM), were

*drkpsanthosh@gmail.com

obtained with better half-life values matching with the exper-
imental values. The four-parameter empirical formula (EF)
proposed by Sreeja and Balasubramaiam [33] and the two
parameter new Geiger-Nuttall law (GNL) proposed by Liu
et al. [34] are also successful in reproducing two-proton
radioactivity.

Grigorenko [35] investigated two-proton radioactivity as
a three-body (core + p + p) problem based on the hyper-
spherical harmonics method and Rotureau et al. [36] studied
two-proton radioactivity in the framework of the shell model
embedded in the continuum. In the present paper, two-proton
radioactivity is treated as a two-body problem in which the
valance protons decay as a cluster and, as a result, the
three-body asymptotic behavior is violated, and the detailed
information for the configurations of the valence protons are
largely lost. It is to be mentioned that Grigorenko [35] and
Rotureau et al. [36] have shown that both of these effects play
a significant role in the 2p decay process.

In the present paper, the model, the Coulomb and proximity
potential model for deformed nuclei (CPPMDN) [37], is used
to study 2p radioactivity from various nuclei. The predicted
half-life values are compared with available experimental data
and other theoretical models and empirical formulas. The
CPPMDN [38] and its spherical version, the Coulomb and
proximity potential model (CPPM) [39], which have been
applied successfully for many years to study α decay and
cluster radioactivity [40–43] and is applied to one-proton ra-
dioactivity [44,45] studies.

II. THE MODEL CPPMDN

In the CPPMDN, the sum of the Coulomb potential for
deformed nuclei VC (r, θ ), the two-term proximity potential for
deformed nuclei VP2, and centrifugal potential are taken as the
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interacting potential for the postscission region. It is given by

V = VC (r, θ ) + VP2(r, θ ) + h̄2�(� + 1)

2μr2
, (1)

where � represents the angular momentum and μ is the re-
duced mass.

The Coulomb potential for two deformed and oriented nu-
clei with higher multipole deformations [46,47] is taken from
Ref. [48] and is given as

VC (r, θ ) = Z1Z2e2

r
+ 3Z1Z2e2

∑
λ,i=1,2

1

2λ + 1

Rλ
0i

rλ+1
Y (0)

λ (αi )

×
[
βλi + 4

7
β2

λiY
(0)
λ (αi )δλ,2

]
. (2)

Here r = z + C1 + C2, is the distance between the frag-
ment centers. C1 and C2 are the Süsmann central radii of
fragments.

Ri(αi ) = R0i

[
1 +

∑
λ

βλiY
(0)
λ (αi )

]
, (3)

where R0i = 1.28A1/3
i − 0.76 + 0.8A−1/3

i . Here αi is the angle
between the radius vector and the symmetry axis of the ith
nuclei, and it is to be noted that the quadrupole interaction
term proportional to β21β22 is neglected because of its short-
range character.

The two-term proximity potential for the interaction be-
tween a deformed and a spherical nucleus [49] given as

VP2(r, θ ) = 2π

[
R1(α)RC

R1(α) + RC + S

]1/2[ R2(α)RC

R2(α) + RC + S

]1/2

×
[[

ε0(S) + R1(α) + RC

2R1(α)RC
ε1(S)

]

×
[
ε0(S) + R2(α) + RC

2R2(α)RC
ε1(S)

]]1/2

, (4)

where R1(α) and R2(α) are the principal radii of the curvature
of the daughter nuclei where the polar angle is α, RC is the
radius of the spherical cluster, S is the distance between the
surfaces along the straight line connecting the fragments, and
ε0(S) and ε1(S) are the one-dimensional slab-on-slab func-
tion. The relation between α and θ in Eqs. (3) and (4) is given
by the equation (see Fig. 5 of Ref. [49]),

cos(θ − α)

RT (α)
+ sin(θ − α)

R′
T (α)

= 1

R
, (5)

where RT (α) is the radius of deformed nuclei in a direction
α from the symmetry axis, R

′
T (α) = (dR/dα) and R is the

distance between the fragment centers,

V = a0(L − L0)n (6)

is the simple power-law interpolation [50] used for the internal
part or the prescission (overlap) region of the barrier. Here
L = z + 2C1 + 2C2 is the overall separation of the fragments,
and L0 = 2C is the diameter of the parent nuclei with C as the
Süsmann central radii of the parent nuclei. By equating the

two potentials at the touching point, the value of the constants
a0 and n can be determined.

The penetrability P through the barrier is given by

P = exp

{
−2

h̄

∫ b

a

√
2μ(V − Q)dz

}
. (7)

Here μ is the reduced mass. The equation V (a) = V (b) =
Q provides the condition to determine the turning points “a”
and “b,” and Q is the energy released.

The barrier penetrability P of a cluster in a deformed
nucleus is different in different directions. The averaging of
penetrability over different directions is performed using the
equation,

P = 1

2

∫ π

0
P(Q, θ, �) sin(θ )dθ, (8)

where P(Q, θ, �) is the penetrability of a cluster in direction
θ from the symmetry axis for axially symmetric deformed
nuclei.

The decay half-life is given by

T1/2 =
(

ln 2

νP

)
. (9)

Here the assault frequency is ν = ( 2Ev

h ). The empirical
vibration energy Ev is given as [51]

Ev = π h̄(2Q/μ)1/2

2(C1 + C2)
. (10)

Here Q is the released energy, μ is the reduced mass, and
C1 and C2 are the Süsmann central radii of the fragments.

In the case of spherical nuclei, (in CPPM), the interacting
barrier is given by

V = Z1Z2e2

r
+ Vp(z) + h̄2�(� + 1)

2μr2
for z > 0 (11)

where “z” is the distance between the near surfaces of the
fragments. VP is the proximity potential [52,53] given as

VP(z) = 4πγ b

[
C1C2

(C1 + C2)

]



( z

b

)
, (12)

with γ as the nuclear surface tension coefficient and 
 as the
universal proximity potential [53].

Then the penetrability and half-lives can be determined
using Eqs. (7) and (9).

III. RESULTS AND DISCUSSION

Two-proton (2p) radioactivity is energetically possible
only if the energy released in the reaction Q2p is positive and
is calculated using the equation,

Q2p = �MP − (�M2p + �Md ). (13)

Here �MP, �M2p, and �Md is the mass excess of the par-
ent nuclei, 2p system, and daughter nuclei, respectively, and
can be taken from the recent mass tables [54]. The mass excess
of the 2p system is equal to twice the mass excess of proton,
i.e., �M2p = 2 × �Mp since the 2p system is an unbound
system consisting of two protons. In true 2p radioactivity, only
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TABLE I. Comparison of predicted half-lives for 2p emission from various nuclei with the experimental data and other theoretical models
and/or formulas. The experimental Q2p values and half-lives are taken from Refs. [28,56].

log10[T1/2(s)]

GLDM ELDM GLM SEB SHF UFM GNL EF
Nuclei Qexpt.

2p (MeV) Expt. Present [28] [26] [29] [30] [31] [32] [34] [33]

6
4Be 1.371(5) −20.30+0.03

−0.03 −21.91 −19.37 −19.97 −19.70 −19.86 −19.41 −23.81 −21.95
12
8 O 1.638(24) > −20.20 −20.90 −19.17 −18.27 −18.04 −17.70 −18.45 −20.17 −18.47

1.820(120) −20.94+0.43
−0.21 −21.22 −19.46 −18.30 −18.03 −18.69 −20.52 −18.79

1.790(40) −21.10+0.18
−0.13 −21.17 −19.43 −18.26 −17.98 −18.65 −20.46 −18.74

1.800(400) −21.12+0.78
−0.26 −21.19 −19.44 −18.27 −18.00 −18.66 −20.48 −18.76

16
10Ne 1.330(80) −20.64+0.30

−0.18 −18.01 −16.45 −16.23 −15.47 −16.49 −17.53 −15.49

1.400(20) −20.38+0.03
−0.03 −18.25 −16.63 −16.60 −16.43 −15.71 −16.68 −17.77 −16.16

19
12Mg 0.750(50) −11.40+0.14

−0.20 −11.96 −11.79 −11.72 −11.46 −10.58 −11.00 −11.77 −12.03 −10.66
45
26Fe 1.100(100) −2.40+0.26

−0.26 −2.76 −2.23 −2.09 −2.32 −2.31 −1.94 −2.21 −1.81

1.140(50) −2.07+0.24
−0.21 −2.36 −2.71 −2.58 −2.67 −2.87 −2.43 −2.64 −1.76

1.154(16) −2.55+0.13
−0.12 −2.53 −2.87 −2.43 −2.74 −2.78 −2.88 −2.60 −2.79 −1.81

1.210(50) −2.42+0.03
−0.03 −3.15 −3.50 −3.37 −3.24 −3.53 −3.23 −3.35 −1.66

48
28Ni 1.290(40) −2.52+0.24

−0.22 −2.17 −2.62 −2.59 −2.55 −2.23 −2.29 −2.59 −1.61

1.350(20) −2.08+0.40
−0.78 −2.79 −3.24 −3.21 −3.00 −2.27 −2.91 −3.13 −2.13

1.310(40) −2.52+0.24
−0.22 −2.38 −2.83 −2.36 −2.50

54
30Zn 1.280(210) −2.76+0.15

−0.14 −1.45 −0.87 −0.93 −1.31 −1.32 −0.52 −1.01 −0.10

1.480(20) −2.43+0.20
−0.14 −2.59 −2.95 −2.52 −3.01 −2.81 −2.08 −2.61 −2.81 −1.83

67
36Kr 1.690(17) −1.70+0.02

−0.02 −1.06 −1.25 −0.06 −0.76 −0.95 −1.05 −0.54 −0.58 0.31

2p emissions are allowed whereas 1p emissions are forbidden,
i.e., in the case of true 2p radioactivity, the energy released
Q2p > 0 and Q1p < 0, where Q1p is the energy released in 1p
radioactivity.

In this paper, first I have calculated the half-lives of 2p
radioactivity of 6Be, 12O, 16Ne, 19Mg, 45Fe, 48Ni, 54Zn, and
67Kr using the CPPMDN, and the predicted half-life values
are compared with experimental data and with six theoret-
ical models and two empirical formulas. In the CPPMDN,
the external potential is constructed by taking the deformed
Coulomb potential, the deformed two-term proximity poten-
tial, and the centrifugal potential. The deformed potential
is used to simulate the deformation effect, and � orbital
in the centrifugal potential is determined by the spin-parity
of the parent and daughter nuclei. Here, in the calculation of
the half-lives of the 2p emitters, the overlapping effects also
are included for which the simple power-law interpolation is
used. In the CPPMDN, the effect of quadrapole deformation
(β2) of the parent and daughter are included. The deformation
values are taken from the mass tables of Möller et al. [55].
Most of the 2p emitters considered here are far from the
β-stability line whose deformation values are not listed in Ref.
[55] (such as 6Be,12O, 16Ne, and 19Mg), and the calculations
are performed treating these nuclei as spherical. The theoret-
ical predictions and their comparison are given in Table I. In
this table, the first, second, and third columns give the nuclei
which exhibit 2p radioactivity, the experimental Q2p values,
and experimental half-lives, respectively. The experimental
data are taken from Refs. [28,56]. Columns 4–12 represent
the half-life values predicted by the model CPPMDN with

considering deformation, the GLDM [28], the ELDM [26],
the Gamow-like model (GLM) [29], the screened electrostatic
barrier (SEB) [30], the two-potential approach with Skyrme
Hartree Fock (SHF) [31], the unified fission model (UFM)
[32], the new GNL [34], and the EF [33], respectively.

To check the agreement between 2p radioactivity half-lives
calculated using the CPPMDN and experimental data, the
standard deviation σ is calculated, which is defined by

σ =
{

1

n

n∑
i=1

(
log10T cal.

i − log10Ti
expt.

)2}1/2

. (14)

Here log10T cal.
i and log10T expt.

i represent the logarithm of
calculated and experimental half-lives for the ith nucleus. The
standard deviation σ for other six theoretical models and two
empirical formulas are also computed using Eq. (14). All the
computed results are given in Table II. From the table, it is
clear that the σ value is least for the model CPPMDN (σ =
1.03), compared to other theoretical models and/or formulas,
which indicate that the CPPMDN is the apt model for studying
2p radioactivity.

In order to illustrate the effect of deformation, the half-
lives of nuclei which exhibit 2p radioactivity are computed
within the model CPPMDN without considering deformation
(spherical case) and with considering deformation are listed in
Table III. The predicted values are compared with the exper-
imental half-lives. In Table III, the first and second columns
represent the 2p emitters and experimental Q2p values, respec-
tively. Columns 3 and 4 represent the quadrupole deformation

064613-3



K. P. SANTHOSH PHYSICAL REVIEW C 104, 064613 (2021)

TABLE II. The standard deviation σ between the experimental data and the predicted half-life values using different theoretical models
and/or formulas.

Model Present GLDM [28] ELDM [26] GLM [29] SEB [30] SHF [31] UFM [32] GNL [34] EF [33]

σ 1.03 1.67 1.57 2.03 2.27 2.21 1.83 1.52 2.20
Cases 17 17 7 16 16 10 17 16 16

values of the parent and daughter nuclei, respectively, taken
from Möller et al. [55]. Columns 5–7, respectively, represent
the experimental half-lives, the half-lives predicted using the
CPPMDN without considering deformation and with con-
sidering deformation. From Table III, the decrease in the
2p-decay half-lives with the inclusion of deformation are
clearly evident.

The good agreement between computed half-life values
with experimental data and with other theoretical predictions,
I extended my studies to other 15 even-Z nuclei for which
2p radioactivity is energetically possible with released energy
Q2p > 0. The predicted half-life values using the CPPMDN
and their comparison with other theoretical models and for-
mulas are listed in Table IV. In this table the first, second,
and third columns represent the nuclei, energy released Q2p,
and angular momentum � carried away by two emitted pro-
tons respectively. The Q2p values and angular momentum �

values are taken from Ref. [26]. For nuclei 55Zn and 64Se,
the Q2p values are taken from Ref. [28]. Columns 4–11
represent the half-life values predicted by the model CPP-

MDN with including deformation effects, the GLDM [28], the
ELDM [26], the GLM [29], the SEB [30], the two-potential
approach with SHF [31], the new GNL [34], and the EF
[33], respectively. From the table, it is clear that overall the
half-life values predicted by the CPPMDN match with other
theoretical predictions. The difference (deviation) between
the CPPMDN predictions and the GLDM values are very
small, but the deviation from the EF are large. To study the
effect of deformation, the 2p decay half-lives of 15 even-Z
nuclei are calculated using the CPPMDN without and with
considering deformation and are listed in Table V. The first,
second, and third columns represent the nuclei, energy re-
leased Q2p, and angular momentum � carried away by two
emitted protons, respectively. The fourth and fifth columns
represent the deformation values of the parent and daughter
nuclei taken from Möller et al. [55]. The sixth and seventh
columns represent the CPPMDN values without considering
deformation (spherical case) and with considering deforma-
tion, respectively. When the half-life values in these two
columns for each nuclei, are compared, it can be seen that

TABLE III. Comparison of predicted half-lives for 2p emission from various nuclei using the CPPMDN without considering deformation
and with considering deformation with the experimental data. The experimental Q2p values and half-lives are taken from Refs. [28,56]. The
deformation values are taken from Möller et al. [55].

log10[T1/2(s)]

Deformation β2 Present

Nuclei Qexpt.
2p (MeV) Parent Daughter Expt. Spherical Deformed

6
4Be 1.371(5) − 20.30+0.03

−0.03 − 21.91+0.10
−0.10

12
8 O 1.638(24) > −20.20 − 20.90+0.18

−0.17

1.820(120) − 20.94+0.43
−0.21 − 21.22+0.48

−0.43

1.790(40) − 21.10+0.18
−0.13 − 21.17+0.18

−0.18

1.800(400) − 21.12+0.78
−0.26 − 21.19+0.38

−0.38
16
10Ne 1.330(80) − 20.64+0.30

−0.18 − 18.01+0.10
−0.10

1.400(20) − 20.38+0.03
−0.03 − 18.25+0.08

−0.07
19
12Mg 0.750(50) − 11.40+0.14

−0.20 − 11.96+0.14
−0.15

45
26Fe 1.100(100) 0.086 0.086 − 2.40+0.26

−0.26 − 2.45+0.20
−0.30 − 2.76+0.20

−0.30

1.140(50) − 2.07+0.24
−0.21 − 2.05+0.59

−0.63 − 2.36+0.59
−0.63

1.154(16) − 2.55+0.13
−0.12 − 2.34+0.19

−0.19 − 2.53+0.19
−0.19

1.210(50) − 2.42+0.03
−0.03 − 2.84+0.57

−0.55 − 3.15+0.57
−0.55

48
28Ni 1.290(40) 0.000 0.001 − 2.52+0.24

−0.22 − 2.15+0.43
−0.45 − 2.17+0.43

−0.45

1.350(20) − 2.08+0.40
−0.78 − 2.78+0.20

−0.21 − 2.79+0.20
−0.21

1.310(40) − 2.52+0.24
−0.22 − 2.37+0.42

−0.45 − 2.38+0.42
−0.45

54
30Zn 1.280(210) 0.171 0.011 − 2.76+0.15

−0.14 − 1.36+0.07
−0.07 − 1.45+0.07

−0.07

1.480(20) − 2.43+0.20
−0.14 − 2.51+0.19

−0.19 − 2.59+0.19
−0.19

67
36Kr 1.690(17) −0.275 0.208 − 1.70+0.02

−0.02 − 0.23+0.16
−0.16 − 1.06+0.16

−0.16
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TABLE IV. Comparison of our predicted half-lives for various nuclei whose 2p radioactivity are energetically possible with other
theoretical models and/or formulas. The released energy Q2p and angular momentum � are taken from Ref. [26].

log10[T1/2(s)]

Nuclei Q2p (MeV) � Present GLDM [28] ELDM [26] GLM [29] SEB [30] SHF [31] GNL [34] EF [33]

16
10Ne 1.401 0 −17.00 −16.60 −16.16
19
12Mg 0.75 0 −11.99 −11.72 −10.66
22
14Si 1.283 0 −13.70 −13.30 −13.32 −13.25 −12.17 −11.78 −13.74 −12.30
26
16S 1.755 0 −14.40 −14.59 −13.86 −13.92 −12.82 −12.93 −14.16 −12.71
30
18Ar 2.28 0 −14.99 −14.32 −13.00
34
20Ca 1.474 0 −10.44 −10.71 −9.92 −10.10 −8.99 −9.51 −9.93 −8.65
38
22Ti 2.743 0 −14.35 −14.27 −13.56 −13.84 −12.70 −11.77 −13.35 −11.93
39
22Ti 0.758 0 −1.23 −1.34 −0.81 −0.91 −1.91 −1.62 −1.19 −0.28
42
24Cr 1.002 0 −2.86 −2.88 −2.43 −2.65 −2.87 −2.83 −2.76 −1.78
49
28Ni 0.492 0 14.24 14.46 14.64 14.54 11.05 12.43 12.78
55
30Zn 0.48 0 17.66 17.94
58
32Ge 3.732 0 −12.73 −13.10 −11.74 −12.32 −11.10 −11.06 −10.85 −9.53
59
32Ge 2.102 0 −6.99 −6.97 −5.71 −6.31 −5.41 −5.88 −5.54 −4.44
60
32Ge 0.631 0 14.00 13.55 14.62 14.24 12.09 12.04 12.40
64
34Se 0.46 0 25.03 24.44

half-life values are found decreasing with the inclusion of
deformation.

When the CPPMDN predictions on 2p-decay half-lives
without considering deformation and the predictions with
considering deformation are compared (given in Tables III
and V), it can be seen that half-life values decrease with the in-

clusion of deformation. The inclusion of deformation reduces
the height and width of the barrier, and as a result, penetra-
bility increases, and half-life values decrease. In Table III, the
parent nuclei 45Fe (β2 = 0.086), 54Zn (β2 = 0.071), and their
daughter nuclei 43Cr (β2 = 0.086), 52Ni (β2 = 0.011) are
prolate deformed, the nuclei 48Ni (β2 = 0.000) are spherical
whereas their daughter nuclei 46Fe (β2 = 0.001) are slightly

TABLE V. Comparison of the predicted half-lives for various nuclei using the CPPMDN without considering deformation and with
considering deformation. The released energy Q2p and angular momentum � are taken from Ref. [26]. The deformation values are taken
from Möller et al. [55].

log10[T1/2(s)]

Deformation, β2 Present

Nuclei Q2p (MeV) � Parent Daughter Spherical Deformed

16
10Ne 1.401 0 −17.00
19
12Mg 0.75 0 −11.99
22
14Si 1.283 0 0.001 0.122 −13.52 −13.70
26
16S 1.755 0 0.126 −14.36 −14.40
30
18Ar 2.28 0 −0.280 0.321 −14.66 −14.99
34
20Ca 1.474 0 0.000 −0.281 −9.89 −10.44
38
22Ti 2.743 0 0.118 0.000 −14.30 −14.35
39
22Ti 0.758 0 0.107 −0.021 −1.08 −1.23
42
24Cr 1.002 0 0.118 −0.031 −2.79 −2.86
49
28Ni 0.492 0 −0.042 0.065 14.37 14.24
55
30Zn 0.48 0 0.172 −0.021 17.70 17.66
58
32Ge 3.732 0 0.173 0.139 −12.41 −12.73
59
32Ge 2.102 0 0.151 0.096 −6.63 −6.99
60
32Ge 0.631 0 0.075 0.000 14.04 14.00
64
34Se 0.46 0 0.196 0.184 25.78 25.03
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FIG. 1. The plot connecting predicted log10[T1/2(s)] versus
(Z0.8

d + �0.25)Q−1/2
2p , the new Geiger-Nuttall law for 2p radioactivity.

prolate. 67Kr (β2 = −0.275) is an oblate-deformed nucleus,
and its daughter 65Se (β2 = 0.208) is a prolate-deformed nu-
cleus. In the 2p decay of these parent nuclei, the half-life
values are found to decrease with the inclusion of deforma-
tion. In the case of 67Kr, the half-life T1/2 = 0.589 s (without
deformation) reduces to T1/2 = 0.087 s (with deformation).
It has been shown by Wang and Nazarewicz [57] that the
lifetime of 67Kr dramatically reduces as the deformation and
structure change. In Table V, the deformation value of 24Si,
the daughter nuclei of 26S (prolate deformed), is not available
in the table of Möller et al. [55], so this nuclei is treated as
spherical. In Table V, it is to be noted that the nuclei 39Ti,
42Cr, and 55Zn are prolate and their daughters are oblate; the
nuclei 30Ar and 49Ni are oblate and their daughters are prolate;
the nuclei 38Ti and 60Ge are prolate and their daughters are
spherical; the nuclei 34Ca is spherical and its daughter is
oblate; and the deformation of the rest of parent nuclei and
their daughters are both prolate. From Table V, it evident

that 2p-decay half-life values decrease with the inclusion of
deformation, even though in most of the cases, parent and
daughter nuclei have very different deformations.

The new Geiger-Nuttall law, the relation connecting
log10[T1/2(s)] and (Z0.8

d + �0.25)Q−1/2
2p for 2p radioactivity

was first introduced by Liu et al. [34] and the authors ob-
tained a linear plot with slope = 2.023 and intercept =
−26.832. Recently, Zou et al. [30] reported that their pre-
dicted log10[T1/2(s)] values of 2p radioactivity computed with
a SEB also showed a linear relation with (Z0.8

d + �0.25)Q−1/2
2p .

Very recently, Pan et al. [31] reported that their predicted
log10[T1/2(s)] values based on the two-potential approach
with SHF obey the new Geiger-Nuttall law for 2p radioac-
tivity and showed that the half-life prediction by the models
GLDM, ELDM, and GLM also exhibit a similar linear rela-
tionship. Figure 1 represents the new Geiger-Nuttall plot of
log10[T1/2(s)] computed using the CPPMDN versus (Z0.8

d +
�0.25)Q−1/2

2p , the linear nature of the plot stress the reliability
of the present model in predicting 2p radioactivity half-lives.

IV. SUMMARY

The 2p radioactivity half-lives of 6Be, 12O, 16Ne, 19Mg,
45Fe, 48Ni, 54Zn, and 67Kr are computed using the model
CPPMDN, and the predicted values are compared with ex-
perimental data and with other theoretical predictions. The
obtained standard deviation is least for the CPPMDN (σ =
1.03), compared to other theoretical models and formulas,
which indicate that the CPPMDN can be used for studying
2p radioactivity. I extended my paper to predict half-lives of
other 15 even-Z nuclei for which 2p radioactivity is energet-
ically possible with released energy Q2p > 0 and hope that
the predictions may serve as a guide for future experimental
investigations. The new Geiger-Nuttall plot of log10[T1/2(s)]
versus (Z0.8

d + �0.25)Q−1/2
2p is studied, and the linear nature

of the plot stress the reliability of the model CPPMDN in
predicting 2p radioactivity half-lives.
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