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POSSIBLE 2p DECAY EMISSION
IN THE REGION 4 ≤ 𝑍 ≤ 54 USING
THE MODIFIED CYE MODEL

Two proton radioactivity is the spontaneous emission of two protons simultaneously from the
nucleus. We have extended our CYE model to study this 2p radioactivity. The current work
aims to study the 2p radioactivity of nuclei between 𝑍 ≥ 4 to 𝑍 ≤ 54 . Moreover, the impact
of a deformation of the nucleus is also examined. To comprehend two-proton decay, numerous
theoretical works have been developed. The half lifetimes for 2p decays calculated using this
CYE model are in a good accord with CPPMDN model of K.P. Santhosh, GLDM, ELDM,
GLM, Sreeja et al. and Liu et al. and SEB, SHF and UFM. From whence, it appears that the
CYE model is a reasonable choice for assessing 2p radioactivity.
K e yw o r d s: 2p radioactivity, CYE model, half lifetime, deformation effects.

1. Introduction
Two proton (2p) radioactivity is the simultaneous
emission of two protons from a nuclear ground state
near or beyond proton drip line with a measurable
half lifetime. The 2p radioactivity phenomenon may
occur due to the effect of proton pairing, when even
proton number (even −𝑍) nuclei lying near the pro-
ton drip line. Zel’dovich made the initial discovery
of two-proton (2p) radioactivity in the 1960s [1],
and Goldansky later described the mechanism [2]. In
1978, the diproton correlation was carried out for the
2p decay of 12O. Based on its nuclear binding en-
ergy, it was assumed to be a diproton emitter. The
16Ne isotope has been under-researched for a very
long time. It was additionally considered to be a
diproton emitter based on its nuclear binding en-
ergy [3]. The first experimental attempts to access
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isotopes of light 2p unbound nuclei near the proton
drip line was carried out in 1984 [4]. In 1991, two pro-
tons could be consideredgether as one quasi-particle
“diproton” with charge 2 and mass 2 [5]. In 1996, the
research was conducted on the 2p decay of the excited
14O nucleus brought about by the resonance reaction
13N+ p [6]. The first excited state 3/2 in 17Ne is an
intriguing candidate for the 2p decay. Experimental
attempts to study this state were made several times
[7]. Mukha et al. devised a novel method for study-
ing the 2p decay. In 2001, IT WAs complementary
to implantation approaches in gases and solids and is
ideally adapted for the in-flight investigation of very
short-lived 2p emitters [8]. Following more than 40
years of study, the f 2p emitter was ultimately iden-
tified in the decay of 45Fe in 2002 [9, 10]. Since then,
numerous additional theoretical and experimental in-
vestigations of this phenomena WERe advanced. In
addition, the GANIL group discovered 54Zn [11], an-
other 2p-emitting isotope. Mukha et al. [12] found an-
other intriguing example of 2p radioactivity from thE
high-lying 21+ isomer in 94Ag in 2006. In 2006, Ro-
tureau et al. [13] studied two-proton radioactivity in
the framework of the shell model embedded in the
continuum. The two-proton radioactivity wss treated
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as a two-body problem in which the valance protons
sre emitted as a cluster. As a result, the three-body
asymptotic behavior is violated, and the detailed in-
formation for the configurations of the valence pro-
tons is largely lost. The innovative work used to ex-
plore the two-proton radioactivity for 19Mg’swas re-
ported in 2007 [14]. Using silicon microstrip detec-
tors, the in-flight decay approach carefully recon-
structs the paths of all decay products. In 2007–2008
with the aid of gaseous time-projection chambers, it
was possible to observe the 2p radioactivity directly
and to study the p–p correlation (TPC). Those detec-
tors enable the recording of proton track projections
on the TPC’s anode plane, thereby validating the
45Fe decay’s 2p emission [15]. The individual 2p decay
events for 45Fe were then captured on camera using
a novel optical TPC detector (OTPC) [16]. The 16Ne
isotope was researched by Mukha et al. in 2008 uti-
lizing the newly established the in-flight decay tech-
nology [17]. On the basis of the hyper-spherical har-
monics approach, Grigorenko [18] studied two-proton
radioactivity as a three-body (core + p + p) prob-
lem in 2009 and, In 2010, another proton emitter,
8C. This isotope was thought to decay through the
simultaneous release of four protons. Using the invari-
ant mass approach, the 2p decays of the 12O [19] and
16Ne [20] were experimentally studied. Eventually, in
2016, the French group at the fragment separator Big
RIPS in RIKEN [21] observed the fourth 2p emitter,
67Kr with a half-lifetime of a few milliseconds. Ano-
ther 2p-unbound isotope 11O has been discovered
in 2019 [22]. The novel 2p-emitting isotopes 29,30Ar
and the FRS will be tested in a pilot experiment in
2019. Several authors have published numerous pa-
pers utilizing various theoretical frameworks that de-
scribe 2p radioactivity as a 2He cluster decay pro-
cess. A number of theoretical models such as the ef-
fective liquid drop model (ELDM) [23], empirical for-
mulas were proposed by sreeja et al. [24], generalized
liquid drop model (GLDM) [25], Gamow like model
(GLM) [26], Coulomb and proximity potential model,
for deformed nuclei (CPPMDN) by K.P. Santhosh
[27], and New Geiger–Nuttall Law by Liu et al. [28] to
analyze 2p radioactivity and half lifetimes of the 2p
radioactivity from 2006. Through these methods, the
experimental 2p radioactivity half lifetimes have also
been successfully replicated in several authenticity.

In our earlier research, we explored the alpha decay,
cluster decay, and spontaneous fission decay charac-

teristics of Actinide, Transactinide and superheavy
nuclei with and without adding deformation effects
using the CYE model [29–34]. In this study, the Cu-
bic Plus Yukawa Plus Exponential Model (CYE) was
modified to comprehensively examine the half life-
times of two proton radioactivity using the concept
of that the proton pairing interaction and the odd-
even binding energy effect 𝑍 = 2𝑚 + 2. This model
is useful for analyzing double proton decay from a
variety of proton-rich nuclei. In our early work, we
calculated the half lifetime of 2p decay for 𝑍 ≥ 4 to
𝑍 ≤ 36 [35] and 𝑍 ≥ 4 to 𝑍 ≤ 54 [36] and Super
heavy mass region 𝑍 ≥ 100 to 𝑍 ≤ 111 [37].

2. Cubic Plus Yukawa
Plus Exponential (CYE) Model

In the ongoing work, we used a realistic model [38],
known as the CYE model, to examine the decay pro-
perties. In this model, a cubic potential in the pre-
scission zone is connected to the Coulomb plus Yuka-
wa plus Exponential potential in the post-scission re-
gion. Without going against the principle of energy
conservation, the zero-point vibration energy is ex-
pressly incorporated here. The proton pairs are al-
ready present in the nucleus at a specific distance
from the nucleus, and the proton particle only en-
counters pure coulomb potential. This potential as a
function of 𝑟 which is the center of mass distance of
the two fragments for the post scission region is gi-
ven by,

𝑉 (𝑟) =
𝑍1𝑍2 𝑒

2

𝑟
+𝑉𝑛 (𝑟)−𝑄; 𝑟 ≥ 𝑟𝑡, (1)

where, 𝑉𝑛(𝑟) is the nuclear interaction energy and
written in the form

𝑉𝑛 (𝑟)= −𝐷

[︂
𝐹+

𝑟−𝑟𝑡
𝑎

]︂
𝑟𝑡
𝑟
exp

[︂
𝑟𝑡−𝑟

𝑎

]︂
.

Using the relation, the system’s half-lifetime is esti-
mated as

𝑇 =
1.433×10−21

𝐸𝑣
[1 + exp (𝐾)], (2)

where

𝐾 =
2

~

𝑟𝑡∫︁
𝑟𝑎

[2𝐵𝑟 (𝑟)𝑉 (𝑟)]
1/2

𝑑𝑟+

+
2

~

𝑟𝑏∫︁
𝑟𝑡

[2𝐵𝑟 (𝑟)𝑉 (𝑟)]
1/2

𝑑𝑟.
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Here, 𝑟𝑎 and 𝑟𝑏 are the two appropriate zeros of the
integrand.

3. Potential for the Post-Scission Region

The parent and daughter nuclei are regarded as
spheroids in this work. If the ejected nucleus is spher-
ical and the daughter nucleus only exhibits a single
deformation, such as a quadruple deformation, and
if the reaction’s 𝑄 value is assumed to be the origin,
then the potential for the post-scission is given by

𝑉 (𝑟)=𝑉c (𝑟)+𝑉𝑛 (𝑟)−𝑉𝑑𝑓 (𝑟)−𝑄; 𝑟 ≥ 𝑟𝑡. (3)

Here, 𝑉c(𝑟) is the Coulomb potential between a
spheroidal daughter and spherical emitted fragment,
𝑉𝑛(𝑟) is the nuclear interaction energy due to finite
range effects, 𝑉df(𝑟) is a change in the nuclear inter-
action energy due to quadruple deformation (𝛽2) of
the daughter nucleus

For a prolate spheroid daughter nucleus with longer
axis along the fission direction,

𝑉c (𝑟) =
3

2

𝑍1𝑍2 𝑒
2𝛾

𝑟

[︂
1−𝛾2

2
ln

𝛾 + 1

𝛾 − 1
+𝛾

]︂
. (4)

For an oblate spheroid daughter with shorter axis
along the fission direction

𝑉c (𝑟) =
3

2

𝑍1𝑍2 𝑒
2

𝑟

[︀
𝛾
(︀
1+𝛾2

)︀
arctan 𝛾−1−𝛾2

]︀
. (5)

Here,
𝛾 =

𝑟

(𝑎22 − 𝑏22)
1/2

.

Here, 𝑎2 and 𝑏2 are the semimajor and minor axes of
the spheroidal daughter nucleus, respectively.

If the nuclei have spheroid shape, the radius vector
𝑅 (𝜃) making an angle 𝜃 with the axis of symmetry
locating sharp surface of a deformed nuclei is given by

𝑅 (𝜃)=𝑅0

[︃
1+

∞∑︁
𝑛=0

𝑛∑︁
𝑚=−𝑛

𝛽𝑛𝑚𝑌𝑛𝑚(𝜃)

]︃
. (6)

Here, 𝑅0 is the radius of the equivalent spherical
nucleus.

The Change in the nuclear interaction energy due
to the quadruple deformation 𝛽2 of the daughter nu-
cleus is given by

𝑉𝑑=
4𝑅3

2𝐶𝑠𝐴2𝛽2

𝑎𝑟20

(︂
5

4𝜋

)︂1/2
.

4. Potential for the PRE-scission region

A third order polynomial in 𝑟 provides an approxima-
tion of the potential barrier’s shape in the overlapped
region between the ground state and the contact point

𝑉 (𝑟) = −𝐸𝑣+ [𝑉 (𝑟𝑡)+𝐸𝑣]

{︂
𝑠1

[︂
𝑟−𝑟𝑖
𝑟𝑡−𝑟𝑖

]︂2
−

− 𝑠2

[︂
𝑟−𝑟𝑖
𝑟𝑡−𝑟𝑖

]︂3}︂
; 𝑟𝑖 ≤ 𝑟 ≤ 𝑟𝑡, (7)

where 𝑟𝑖 is the distance between the centers of mass of
two portions of the daughter and the emitted nuclei in
the spheroidal parent nucleus and 𝑟𝑡 = 𝑎2+𝑅1. Here,
𝑎2 is the semi major or minor axis of the spheroidal
daughter nucleus depending on the shape.

If we consider spheroid deformation 𝛽2, then

𝑅 (𝜃)=𝑅0

[︃
1+𝛽2

(︂
5

4𝜋

)︂1/2(︂
3

2
cos2𝜃−1

2

)︂]︃
(8)

and if the Nilsson’s hexadecapole deformation 𝛽4 is
also included in the deformation, then Eq. (6) be-
comes

𝑅 (𝜃)=𝑅0

[︃
1+𝛽2

(︂
5

4𝜋

)︂1/2(︂
3

2
cos2𝜃−1

2

)︂
+

+𝛽4

(︂
9

4𝜋

)︂1/2
1

8

(︀
35 cos4𝜃 − 30 cos2𝜃 + 3

)︀]︃
. (9)

For calculating the zero point vibration energy 𝐸𝑣,

𝐸𝑣 =
𝜋~
2

⎡⎢⎣
(︁
2𝑄
𝜇

)︁1/2
(𝐶1+𝐶2)

⎤⎥⎦,
𝐶1 and 𝐶2 are the central radii of the fragments
given by

𝐶𝑖 = 1.18𝐴1/3 − 0.48 (𝑖 = 1, 2)

and reduced mass,

𝜇 =
𝑚1𝑚2

𝑚1+𝑚2
.

5. Result and Disscussion

In this work, we have executed assessments on the
two-proton (2p) radioactivity half lifetimes of 6Be,
12O, 16Ne, 19Mg, 45Fe, 48Ni, 54Zn and 67Kr by us-
ing CYE model by incorporating the modification for
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Table 1. Comparison between the predicted half lifetimes
by using CPPMDN, GLDM, ELDM, GLM, two empirical formulas
and the experimental one with yje modified CYE odel without including deformation

Parent
nuclei

𝑄2p

(MeV)

Log10 𝑇1/2(𝑠)

CPPMDN GLDM ELDM GLM EF GNL SEB SHF UFM Exp. CYEM
[27] [25] [23] [26] [24] [28] [39] [40] [41] values calculated

6Be 1.372 [42] –21.91 –19.37 –19.97 –19.7 –21.95 –23.81 –19.41 – –19.41 −20.30+0.03
−0.03 [42] –21.41

12O 1.638 [19] –20.9 –19.17 –18.27 –18.04 –18.47 –20.17 –17.70 – –18.45 >20.20 [19] –15.81
16Ne 1.401 [43] –18.25 –16.63 –16.6 –16.43 –16.16 –17.77 –15.71 – –16.68 −20.38+0.03

−0.03 [43] –14.47
19Mg 0.750 [14] –11.96 –11.79 –11.72 –11.46 –10.66 –12.03 –10.58 – –11.77 −11.40+0.14

−0.20 [14] –10.25
45Fe 1.100 [9] –2.76 –2.23 – –2.09 –1.81 –2.21 –2.32 –2.31 –1.94 −2.40+0.26

−0.26 [9] –1.94
48Ni 1.290 [44] –2.17 –2.62 – –2.59 –1.61 –2.59 –2.55 –2.23 –2.29 −2.52+0.24

−0.22 [44] –1.67
54Zn 1.280 [45] –1.45 –0.87 – –0.93 –0.1 –0.93 –1.31 –1.32 –0.52 −2.76+0.15

−0.14 [45] –0.9
67Kr 1.690 [21] –1.06 –1.25 –0.06 –0.76 0.31 –0.58 –0.95 –1.05 –0.54 −1.70+0.02

−0.02 [21] 0.11

Table 2. Comparison between the predicted half lifetimes
by using CPPMDN and the experimental one with CYE model
with including deformation. The values of deformation are taken by Möller et al. [46]

Parent
nuclei

𝑄2p

(MeV)

Log 10𝑇1/2(𝑠)

CPPMDN
[27]

Experimental
value (9, 10)

CYE model CYE model
(without (with deformation

deformation) 𝛽2P𝛽2D)

45
26Fe 1.100 [9] −2.76+0.30

−0.30 −2.40+0.26
−0.26 –1.94 –1.974

1.140 [10] −2.36+0.59
−0.63 −2.07+0.24

−0.21 –1.91 –2.989

1.154 [46] −2.53+0.19
−0.19 −2.55+0.13

−0.12 –1.96 –2.856

1.210 [47] −3.15+0.57
−0.55 −2.42+0.03

−0.03 –2.10 –2.970

48
28Ni 1.290 [44] −2.17+0.43

−0.45 −2.52+0.24
−0.22 –1.67 –0.322

1.350 [46] −2.79+0.20
−0.21 −2.08+0.40

−0.78 –2.00 –0.909

1.310 [48] −2.38+0.42
−0.45 −2.52+0.24

−0.22 –1.77 –0.098

54
30Zn 1.280 [45] −1.45+0.07

−0.07 −2.76+0.15
−0.14 –0.90 –0.358

1.480 [11] −2.59+0.19
−0.19 −2.43+0.20

−0.14 –1.65 –1.301

67
36Kr 1.690 [21] −1.06+0.16

−0.16 −1.70+0.02
−0.02 0.11 –0.426

two proton radioactivity. In Tables 1–4, we compare
the theoretical predictions with one another. In Ta-
ble 1, the table’s first, second, and third columns,
respectively, list the nuclei that show 2p radioactiv-
ity, experimental 𝑄2p values, and experimental half
lifetimes. Without accounting for deformation effects,
our CYE model half lifetime values are compared
with other models of ELDM [23], Sreeja et al. [24],

GLDM [25], GLM [26], CPPMDN by K.P. Santhosh
[27], and Liu et al. [28] and SEB [39], SHF [40] and
UFM [41] with experimental values column 4–13. The
𝑄 values for the reaction are acquired from the ref-
erence [25, 39] and the experimental values from ref-
erence [9, 10]. The comparison reveals that the at-
tained values are well coinciding with other antici-
pated values.
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Table 3. Comparison between the predicted even 𝑍-nuclei half-lives by using
CPPMDN, GLDM, ELDM, GLM, two empirical formulas SEB and SHF the experimental one
with Modified CYEM with and without including deformation. The experimental 𝑄2p values
are taken from the references [23]. The values of deformation are taken by Möller et al. [49]

Parent
nuclei

𝑄2p

(MeV)
[23]

Log10𝑇1/2(𝑠)

CYE
calculated

CYE
(with deformation

𝛽2, 𝑃 , 𝛽2, 𝐷)

CPPMDN
[27]

GLDM
[25]

ELDM
[23]

GLM
[26]

EF
[24]

GNL
[28]

SEB
[39]

SHF
[40]

16Ne 1.401 –14.47 – –17.00 – –16.60 – –16.16 – – –
19Mg 0.75 –10.25 – –11.99 – –11.72 – –10.66 – – –
22Si 1.283 –11.79 –8.563 –13.70 –13.30 –13.32 –13.25 –12.30 –13.74 –12.17 –11.78
26S 1.755 –11.99 –11.62 –14.40 –14.59 –13.86 –13.92 –12.71 –14.16 –12.82 –12.93
30Ar 2.28 –12.46 –14.67 –14.99 – –14.32 – –13.00 – – –
34Ca 1.474 –8.42 – –10.44 –10.71 –9.92 –10.10 –8.65 –9.93 –8.99 –9.51
38Ti 2.743 –11.97 – –14.35 –14.27 –13.56 –13.84 –11.93 –13.35 –12.70 –11.77
39Ti 0.758 –0.38 –0.763 –1.23 –1.34 –0.81 –0.91 –0.28 –1.19 –1.91 –1.62
42Cr 1.002 –2.39 –1.632 –2.86 –2.88 –2.43 –2.65 –1.78 –2.76 –2.87 –2.83
49Ni 0.492 13.02 13.024 14.24 14.46 14.64 14.54 12.78 12.43 – 11.05
55Zn 0.48 17.23 18.112 17.66 17.94 – – – – – –
58Ge 3.732 –10.23 –11.23 –12.73 –13.10 –11.74 –12.32 –9.53 –10.85 –11.10 –11.06
59Ge 2.102 –4.72 –5.154 –6.99 –6.97 –5.71 –6.31 –4.44 –5.54 –5.41 –5.88
60Ge 0.631 12.24 – 14.00 13.55 14.62 14.24 12.40 12.04 – 12.09
64Se 0.46 24.71 23.551 25.03 24.44 – – – – – –

Fig. 1. Comparision of the predicted 2p radioactivity half
lifetimes Using CYE model With available theorectical and ex-
perimental value

We expanded the identical research for other even
−𝑍 nuclei for which 2p radioactivity is energetically
possible with energy 𝑄2𝑝 > 0, and it is shown in
Table 3. The calculated results match other fore-
casted values rather well. The same matches were dis-

Fig. 2. Comparision of the predicted 15 even-𝑍 nuclei 2p ra-
dioactivity half lifetimes using CYE model with available the-
orectical values without including deformation effects

covered in Table 4 as well. The half lifetime value
changes when the 𝑄 value fluctuates slightly. This
shows that the half life value depends on the 𝑄-
value. In Tables 2–4, the impact of the parent and
daughter’s quadrapole deformation (𝛽2) are taken
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Table 4. Comparison between the predicted half-lives for various nuclei
by using CYE model with and without including deformation effects. The experimental 𝑄2p

values and the values of UFM,GLDM and ELDM taken from ref [41] and CPPMDN from ref [50]

Parent
nuclei

𝑄2p

(MeV)

Log10𝑇1/2(𝑠)

CYE
CYE

(with deformation
𝛽2, 𝑃 , 𝛽2, 𝐷)

CPPMDN UFM GLDM ELDM

5Be 7.63 –63.69 – – –20.58 – –
6B 7.42 –53.34 – – –20.41 – –
7B 1.42 –18.33 – – –19.33 – –19.19
8C 2.11 –19.03 – – –19.80 – –19.26
11O 4.25 –23.65 – – –19.67 – –19.67
13F 3.09 –17.37 – – –19.33 – –18.89
14F 0.05 8.56 – 12.62 12.22 – 12.31
15Ne 2.52 –15.55 – – –18.57 –18.48 –18.08
17Na 3.57 –16.43 – – –18.95 – –18.63
22Si 1.58 –15.55 –13.24 –14.99 –14.61 –18.87 –14.15
24P 1.24 –10.58 –8.928 –10.24 – 8.50 –9.41 –8.44
26S 2.36 –16.43 –12.56 –16.19 –16.09 –19.64 –15.15
28Cl 2.72 –13.65 –15.42 –16.35 –15.29 –15.66 –14.49
29Cl 0.10 23.72 – 29.62 28.91 – 29.44
29Ar 5.90 –18.51 – – –18.99 – –18.35
30Ar 3.42 –16.82 –16.32 –17.35 –17.02 –19.66 –16.15
32K 2.74 –13.05 –13.31 –15.61 –14.44 –14.78 –13.68
33Ca 5.13 –17.34 – – –18.11 –18.48 –17.35
34Ca 2.51 –12.18 –12.65 –14.65 –14.46 –14.78 –13.56
35Sc 4.98 –14.16 – –17.36 –16.10 16.63 –15.57
37Sc 0.38 6.92 – 9.72 10.92 10.10 –10.97
37Ti 5.40 –14.12 – – –17.81 –17.96 –17.07
38Ti 3.24 –13.66 –12.53 –15.51 –15.18 –15.38 –14.30
39Ti 1.06 –3.67 –3.215 –5.44 –5.41 –5.55 –4.64
39V 4.21 –15.65 –13.84 –16.74 –16.34 –16.54 –15.49
40V 2.14 –10.49 –8.772 –11.87 –11.66 –11.80 –10.80
41Cr 3.33 –12.17 –11.31 –14.87 –14.53 –14.72 –13.66
42Cr 1.48 –5.67 –7.102 –7.60 –7.40 –7.56 –6.66
43Mn 2.48 –10.14 – –11.91 –10.65 –11.03 –10.16
44Mn 0.50 8.79 – 9.19 9.80 9.51 10.22
47Co 1.02 0.94 0.52 0.11 1.13 0.63 1.37
49Ni 1.08 0.92 0.505 –0.59 0.23 –0.08 0.67
52Cu 1.13 1.09 0.935 1.54 3.45 2.70 3.34
55Zn 0.78 8.29 9.137 7.71 8.77 8.26 8.92
56 Ga 2.82 –8.18 –8.727 –11.03 –10.30 –10.83 –9.14
57Ga 1.65 –2.16 – –3.73 –3.01 –3.81 –2.20
58Ga 0.51 17.09 – 18.27 18.71 17.88 19.33
58Ge 3.23 –9.47 –10.88 –12.00 –11.19 –11.73 –10.02
59Ge 1.60 –1.29 –2.089 –3.23 –2.73 –3.37 –1.76
60As 3.32 –9.45 –10.04 –9.83 –8.37 –9.34 –7.81
61As 1.98 –3.19 –2.55 –5.55 –4.95 –5.61 –3.97
62As 0.59 15.72 15.14 17.51 17.99 17.14 18.58
63Se 2.36 –5.33 – –7.26 –6.59 –7.22 –5.60
64Se 0.70 12.90 – 14.15 14.39 13.69 15.14
65Br 2.43 –5.155 – –6.42 –5.55 –6.37 –4.76
66Br 1.39 2.69 – 1.36 1.83 1.12 2.68
68Kr 1.46 2.52 0.740 1.34 1.83 1.13 2.65
81Mo 0.73 21.80 – 22.98 23.26 22.67 23.82
85Ru 1.13 13.84 – 13.67 14.08 13.76 14.66
108Xe 1.01 24.68 – 26.64 27.07 26.37 27.47
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a

b
Fig. 3. Forecasts the contour plot of half lifetime values using
the CYE model with and without incorporating deformation
effects

into account. The deformation values were obtained
from the mass tables of Möller et al. [49]. The in-
clusion of deformation effects decreases the half life-
time values, because the height and width of the
barrier are reduced, and the structure is altered by
the addition of deformation effects in both the par-
ent and daughter nuclei (𝛽2𝑝, 𝛽2𝐷). The values were
raised in some instances. In order to find the value of
logarithm hindrance factor log10 HF), the deviation
of the experimental from calculated ones log10 HF=
= log10𝑇

exp
1/2 − log10𝑇

CYEM
1/2 , Table 5 displays this sta-

tistics. The Table shows that the cases of 19Mg, 6Be,
54Zn and 67Kr most values of log10 HF are between –1
and 1. CYE shows equivalent accuracy to the other
models, when the half lifetimes are compared.

Fig. 4. Shows the linear relationship between𝑄−1/2,MeV−1/2

and Log10𝑇1/2(𝑠)

Table 5. To analyze the deviation
of the experimental half lifetimes from the calculated
ones

Parent Expt. CYEM log10HF = (CYEM)
nuclei [12, 13] calculated log10𝑇

exp
1/2

− log10𝑇
CYEM
1/2

6Be −20.30+0.03
−0.03 –21.41 1.11

16Ne −20.38+0.03
−0.03 –14.47 –5.91

19Mg −11.40+0.14
−0.20 –10.25 –1.15

45Fe −2.40+0.26
−0.26 –1.94 –0.46

48Ni −2.52+0.24
−0.22 –1.67 –0.85

54Zn −2.76+0.15
−0.14 –0.9 –1.86

67Kr −1.70+0.02
−0.02 0.11 –1.81

Fig. 1 and 2 shows the variation of half life time
values with 𝑄 value for 2p radioactivity. Here, the
CYEM predictions and the CPPMDN, GLDM val-
ues diverge significantly, while the 𝐸𝐹 deviation is
minimal. To explore the variations in half-life time
values for two proton elements without and with
adding the result of deformation, the contours de-
picted in Figs. 3, a and 3, b were created. Contour
lines are mix of straight and curved lines. Comparing
Fig. 3, b’s closed contours to the contour plot of half
lifetime values in 3, a, the closed contours are sig-
nificantly shorter and when they get closer to the
boundary, they get more like straight lines. This sug-
gests that, as a result of the parent nucleus’ de-
formation, the daughter nucleus’ stability rises. The
𝐺−𝑁 graphs between the quantity Log10𝑇1/2(𝑠) and
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𝑄−1/2 (Mev)−1/2 for the 2p emission from parent nu-
clei 37−39Ti, 56−58Ga are shown in Fig. 4. The ele-
ments are chosen at random. It seemingly linear be-
havior exists. As a result, we can say that two-proton
radioactivity abides under the 𝐺−𝑁 law.

6. Summary and Conclusion

The two proton radioactive half lifetimes are explored
in this work for the parent nuclei 6Be, 12O, 16Ne,
19Mg, 45Fe, 48Ni, 54Zn, 67Kr and other even 𝑍 ≥ 4
to 𝑍 ≤ 54 parent nuclei in the range emitting pro-
ton pair using CYE model in the two sphere approxi-
mation and including deformation effects. The results
obtained are contrasted with the other two empir-
ical formulas and six other theoretical models. Ad-
ditionally, the results are in accordance with prior
predictions. We anticipate that the lengthened half
lifetimes of these forecasted nuclei will aid future ex-
perimental studies of two proton decay.
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49. P. Möller, A.J. Sierk, T. Ichikawa, H. Sagawa. Nuclear
ground-state masses and deformations: FRDM (2012). At.
Data Nucl. Data Tables I 109, 1 (2016).

50. K.P. Santhosh. Two-proton radioactivity within a coulomb
and proximity potential model for deformed nuclei. Phys.
Rev. C 106, 054604 (2022). Received 21.06.23

Г.М. Кармел Вiджiла Бай, Р. Абiша

МОЖЛИВА ДВОПРОТОННА ЕМIСIЯ
З ЯДЕР В ОБЛАСТI 4 ≤ 𝑍 ≤ 54 НА ОСНОВI
МОДИФIКОВАНОЇ CYE МОДЕЛI

Двопротонна радiоактивнiсть – це спонтанна емiсiя одно-
часно двох протонiв iз ядра. В цiй роботi ми узагальнили
нашу CYE модель для розгляду 2p радiоaктивностi ядер
вiд 𝑍 ≥ 4 до 𝑍 ≤ 54 з урахуванням деформацiї ядра. Нашi
результати, отриманi на базi CYE моделi, добре узгоджую-
ться з iншими теоретичними моделями.

Ключ о в i с л о в а: двопротонна радiоактивнiсть, CYE мо-
дель, перiод напiврозпаду, ефекти деформацiї.
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