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Abstract

In the current study, we examined every possible cluster—daughter combination in the heavy-particle decay of isotopes
297-300119 and computed the decay half-lives using the modified generalized liquid drop model (MGLDM) with the prefor-
mation factor depending on the disintegration energy. The predicted half-life of every heavy cluster (Z > 32) was within the
experimentally observable limits. These results aligned with the predictions of Poenaru et al. [Phys. Rev. Lett. 107, 062503
(2011)] that superheavy nuclei (SHN) with Z> 110 will release heavy particles with a penetrability comparable to or greater
than the a-decay. The half-lives predicted using the MGLDM for clusters 89Rb, °'Rb, and *’Rb from parents 27119, 29119,
and 3°119, respectively, agreed with the predictions of Poenaru et al. [Eur. Phys. J. A 54, 14 (2018)]. It was found that the
isotopes of heavy clusters Kr, Rb, Sr, Pa, In, and Cd had half-lives comparable to the a half-life; and isotopes of clusters I,
Xe, and Cs had the minimum half-life (107'* s). These observations revealed the role of the shell closure (Z=82, N=82,
and N=126) of the cluster and daughter nuclei in heavy-cluster radioactivity. We predicted that isotope *°"**119 decayed
by 4a decay chains and isotope **°119 decayed by 6a decay chains, while 2119 decayed by continuous « decay chains. The
predicted half-lives and modes of decay of the nuclei in the decay chains of 2°’%°119 agreed with the experimental data,
proving the reliability of our calculations. The present study determined the most favorable heavy-cluster emissions from
these nuclei and provided suitable projectile—target combinations for their synthesis.

Keywords Cluster radioactivity - Alpha radioactivity - Superheavy nuclei

1 Introduction

The concept of superheavy elements (elements with
Z>104) was first introduced in 1958 [1]. The synthesis,
decay, and identification of superheavy nuclei (SHN) have
emerged as significant and popular topics in nuclear phys-
ics. The existence of stable nuclei with large Z values as
a result of nuclear shell effects was supported by several
theoretical investigations conducted in the 1960s [2, 3].
Despite the immense Coulomb repulsion in the superheavy
region, SHN can exist owing to shell closure effects. The
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shell effect was found to be especially strong for nuclei
with Z=126 and N =184, pointing to the prediction of
an area known as the "island of stability" around higher
atomic numbers. This discovery compels scientists to
explore the possibility of synthesizing superheavy ele-
ments near the predicted magic numbers. In recent stud-
ies, proton numbers (Z values) of 114, 120, 124, and 126
and neutron numbers (N values) of 172 and 184 have been
predicted to be magic numbers [4-8]. Hot fusion [9] and
cold fusion [10] have been used in experiments to produce
superheavy elements up to Og (Z=118). Currently, dif-
ferent trials are in progress to create superheavy elements
with Z=119 and 120. Hofmann et al. [11] investigated the
reaction of >*Cr projectiles on 2*3Cm targets to examine
their production and decay parameters and synthesize a
new superheavy element with Z=120. Khuyagbaatar et al.
[12] also performed experiments to synthesize isotopes
with Z= 119 and 120 using the reactions >°Ti + >*’Bk and
S0Ti 4 249Cf at the Gesellschaft fur Schwerionenforchung
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(GSI). Strong theoretical foundations are required to create
new elements that can assist experimentalists in conduct-
ing research.

Shell closures can be understood by studying the half-
lives of various radioactive modes, such as a-radioactivity
and cluster decay. The decay chains of SHN have been deter-
mined using these half-lives, as well as the fission half-lives,
because they serve as experimental evidence for the pro-
duction of these elements in fusion reactions. Checking the
mode of disintegration of newly produced SHN is a valid
way to understand their decay, which typically involves an
a-decay chain accompanied by spontaneous fission (SF).
Numerous theoretical investigations have been conducted to
determine the probable decay mechanisms of SHN. The two
types of decay experimentally observed in SHN so far are
a-decay and SF. Cluster radioactivity (CR) in the trans-lead
region has been studied both theoretically and experimen-
tally [13—16]. In 2001, Royer et al. [17] studied light particle
emission using the generalized liquid drop model (GLDM)
and quasi-molecular shapes and introduced an analytical for-
mula for light nuclear decay. Royer et al. [18] investigated
the alpha decay, cluster radioactivity, and heavy-particle
emission half-lives of known and still unknown SHN using
the original GLDM and analytical formulas, and found that
76807, 78 Ga, 72’74’76’Cu, 971N, and ¥’ K nuclei are the best
candidates for emission from SHN, with the daughter nuclei
being doubly closed 2*®Pb or neighboring nuclei. The modi-
fied generalized liquid drop model (MGLDM), which devel-
oped by introducing the proximity 77 potential of Blocki
et al. [19] to the GLDM of Royer and Remaud [20, 21], was
used to investigate the emission of even—even light clusters
such as Be, C, O, Ne, Mg, and Si from SHN with a Z value
of 120 [22]. The concept of heavy-particle radioactivity
(HPR), which permits the release of particles with Z-> 28
from SHN with Z> 110, was proposed by Poenaru et al. [23]
in 2011. This concept predicted that HPR is more probable
than a decay in SHN. Zhang and Wang [24] employed the
universal decay law (UDL) formula to predict the supremacy
of cluster decay over a decay. The Coulomb and proxim-
ity potential model for deformed nuclei (CPPMDN) [25],
which is a productive approach, was able to forecast HPR
with a half-life similar to or even dominant over a decay for
isotopes with Z> 118. The investigation on the HPR from
superheavy elements with Z=118 and Z= 120 employing
the MGLDM with a Q-value-dependent preformation fac-
tor [26, 27] was effective in obtaining half-lives comparable
to « half-lives. In 2021, Qian et al. [28] studied the surface
alpha clustering in heavy nuclei by considering the prefor-
mation factor, which behaves with a Geiger-Nuttal-like pat-
tern (i.e., P has an exponent law with 0~1/2). Later, Wan
et al. [29] considered the a-decay energies and half-lives of
SHN within the cluster model, along with a slightly modified
Woods—Saxon potential.

@ Springer

Using the MGLDM, we studied heavy-cluster emissions
(Z->128) from Z=118 [26] and Z=120 [27], leading to dou-
bly magic 2®*Pb or its neighbor (the obtained half-lives were
comparable to the o half-lives) and doubly magic '**Sn or its
neighbor (with minimum half-lives). In a previous study [22]
we considered the cluster decay of various isotopes of Z=120
emitting light clusters (Z < 14) ranging from ®Be to **Si using
the MGLDM. It should be noted that in this study, the residual
nuclei formed were neither doubly magic 208pp, 13281 nor
neighboring nuclei.

The goal of the current study was to examine every pos-
sible combination of cluster daughters in heavy clusters for
isotopes 2°7%°119 and compute all the heavy-cluster decay
half-lives using the MGLDM with the Q-value-dependent pre-
formation factor. Section 2 outlines the theoretical framework
of the study. The findings of this study and their significance
are presented in Sect. 3. Finally, Sect. 4 concludes the study.

2 MGLDM

In the MGLDM, the total energy of the decaying nucleus is
found as follows:

E=FEy+Eq+E:-+Eg + Ep. (1)

For the post-scission zone, the volume, surface, and Cou-
lomb energies were provided by Royer et al. [20] as follows:

Ey =—15.494[(1 — 1.8)A, + (1 — 1.81))A,], 2)
Eg= 170439 (1-268)47" + (1-26B)4Y°],  3)

P 0.6@2212 0.662Z§ e Z,Z, @
c = + + N
R, R, r

where A; represents the mass, Z; represents the charge, R,
represents the radius, /; represents the relative neutron excess
of the two nuclei, and r represents the separation between
the mass centers. The nuclear proximity energy [19] is found
as follows:

_ GG z
E@ = 4’””[(01 n Cz)](b<b>’ )

where y is the nuclear surface tension coefficient, and @ is
the universal proximity potential [30].
Tunneling probability P [20] is found as follows:

2 Roul
P =exp {_ﬁ Rf \/ZB(r) [E(r) - E(sphere)] dr}, (6)

where R, =R, + Ry, R, = €2Z,Z,/0Q, and mass inertia
B(r) = p, the reduced mass.
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The partial half-life can be computed as follows:

In2 In2
T2 = <T> N <vPCP>' @

Here P, the preformation probability [31], is found as
follows:

PC — 10aQ+bQ2+c (8)

with a=-0.25736, b=6.37291 x 107, and ¢ =3.35106. For
alpha decay, the preformation factors [32] (P-=0.94 for
even—even nuclei, P- =0.85 for odd—A nuclei, and P-=0.67
for doubly odd nuclei) were obtained using the MGLDM
values and experimental data of 318 nuclei in the range of
Z=T41t093. Assault frequency v = == = %, where E, is the

2
zero-point vibration energy, which is given as follows [16]:

(4-4,)
E, =01 0.056 + 0.039 exp 535 ,forA, > 4.

€))

3 Results and discussion

The possible heavy-particle radiations from SHN with
Z=119 and 297 <A <300 were investigated using the
MGLDM with a Q-value-dependent preformation factor. In
our previous work [31], we studied cluster radioactivity from
various heavy nuclei using the MGLDM with Q-value-
dependent preformations. In this study, we estimated the
accuracy of our predicted half-lives and found that they
matched the TF/XZP “values with a standard deviation of 0.755.
We have also studied the o decay of various SHN [33] using
the MGLDM and the predicted half-lives were found to have
the values, with a least standard deviation of 0.34.

The preformation factor is not a measurable quantity but a
hypothetical and model-dependent one. The Q value differs
for various clusters radiating from the same mother nucleus
and for the same cluster emitted from different mother
nuclei. This has been confirmed experimentally [34, 35].
The relevance of Q values, which characterize the decay
process, led to the study [36] of the variation of the Q value
with the cluster preformation probability extracted from
experimental data [34, 35], with their obtained relation given
in Eq. (8). The constants in this equation were obtained by
the least-squares fitting of the experimental cluster decay
data [34, 35]. In the expression for the tunneling probabil-
ity, Eq. (6), the inner turning point, R;,, is considered the
contact point, which is valid for alpha emission. In the case
of heavy-particle emission, we considered the contribution
of the overlapping region (the internal part of the barrier)

when developing the Q-dependent preformation factor, as
shown in Eq. (8).

All of the cluster—daughter decay combinations for
297119, 2119, 2119, and 3°°119, which had positive Q
values, were evaluated. The disintegration energy is given
by the following:

0= AMlD - (AMy + AM,), (10)

where AM,, is the difference in the mass excess of the parent,
and AM, and AM, are the differences in the mass excesses
of the two decay products. These data were taken from the
AME2020 mass tables of Wang et al. [37], and on a few
occasions, the KTUYO05 table [38] was used for some nuclei
whose experimental values were unavailable. A compre-
hensive study of the a-decay energies, Q values, and half-
lives of 121 SHN with Z> 100 was performed using twenty
mass tables by Wang et al. [39]. The results showed that
the KUTYO05 mass model was the best at reproducing the
experimental Q values of the SHN, and the standard devia-
tion in the estimation of the Q value was 0.352.

Our current research had the goal of understanding the
characteristics of SHN, specifically those for Z=119 with
297 <A <300. We examined all the potential cluster—daugh-
ter combinations using a cold reaction valley plot, which
connects the driving potential with the mass number of the
cluster. This plot was used to analyze the valleys or low-
energy regions in the driving potential. Driving potential
refers to the overall energy difference between the interac-
tion potential (V) and the disintegration energy (Q value)
associated with the reaction process. The driving potential
(V-Q) is computed for the parent nucleus by taking into
account the variations in mass and charge asymmetries,

A—A z,-Z . .
Ny = A‘+ A2 and 7, = z] 2, for the touching configuration.
1 2

+Z

In the touching con]ﬁglzlration, the distance between frag-
ments (r) is equal to the sum of the Sussman central radii
(C, and G,). For a certain value of mass asymmetry (#,)
and separation among the fragments (r), the charges of the
fragments are determined by minimizing the driving poten-
tial. In other words, for a given set of masses (4, A,) in the
mass—asymmetric coordinate system, the specific set (Z;,
Z,) that yields the lowest driving potential is found. The
minimum driving potential corresponds to the most probable
decay for a specific pair (4, A,).

Figures 1(a), 2(a), 3(a), and 4(a) plot the driving poten-
tials with the mass numbers of clusters for 227119, 28119,
299119, and *%°119 respectively. Decay combination [**Xe
(N=82) + '6!Tb] exhibits the lowest driving potential among
all the possibilities for isotope 2°7119, suggesting that it is
the most likely decay to occur. Likewise, other combinations
such as [T (N=82) + '*’Dy] and ['*'Cs (W =82) + '°Gd],
where the cluster nuclei possess a magic number of neu-
trons, demonstrate relatively lower driving potentials. For
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Fig. 1 a Plot of driving poten-
tial vs. mass number of clusters
for 7119 for touching configu-
ration r = C; + C,. b Variation 7
of logarithm of half-life with ] ¢
mass number of clusters for .1 °
probable heavy-cluster decay 257
from 27119 1
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298119, ['331 (N=82) + '°Dy] is the combination with the
minimum driving potential. The decay combination ['**I
(N=81)+'%Dy] also has a comparatively low driving
potential. The decay combination ['**Te (N=82) + '%Ho]
shows the minimum driving potential compared to all the
other possibilities for isotope >*°119. For **119, the decay
combination involving ['**Te (N=81) + '’Ho] shows the
least driving potential. Based on all these cases, it can be
concluded that the decay combination with the minimum
driving potential, which is the most likely degradation, is
formed in a manner where the cluster nuclei possess a magic
number of neutrons.

The half-lives were calculated using the MGLDM for all
the possible heavy-particle emissions linked to each Z=119
isotope after the fragment combination was determined.
The obtained T /, values of the possible heavy clusters for
297-390119 are listed in Tables 1 and 2. Columns 1 and 5
give the probable clusters. Columns 2 and 6 give the daugh-
ters. Columns 3 and 7 give the Q values, and columns 4
and 8 give the heavy-particle decay half-lives in seconds.
For the half-life of any heavy cluster (Z->32) predicted
in Tables 1 and 2 that is within experimentally observable
limits. Our findings were consistent with the predictions of
Poenaru et al. [23] that SHN with Z> 110 release heavy
clusters with Z->28. In some circumstances, the likeli-
hood of heavy-particle decay is greater than the probability
of alpha decay according to the heavy-particle radioactiv-
ity concept of Poenaru et al. [23]. Given the measurable
half-lives (< 10'? s) obtained, more advanced nuclear beam
sources such as China's High-Intensity Heavy-Ion Accel-
erator Facility (HIAF) are required to assess the potential

@ Springer
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for heavy-cluster radioactivity. Poenaru et al. [40] studied
cluster and @ emissions for SHN with Z=119 and 120.
Two models, the analytical super asymmetric fission model
(ASAFM) and universal formula (UNIV) were used by the
authors to calculate the half-lives of cluster radioactivity.

Table 3 compares the half-lives obtained using the pre-
sent formalism for clusters 3Rb, °'Rb, and **Rb from par-
ents 27119, 2°°119, and 3119, respectively, along with the
values reported by Poenaru et al. [40]. Our predictions match
the values reported by Poenaru et al., emphasizing the reli-
ability of our calculations.

The emission of clusters of C, O, F, Ne, Mg, and Si from
heavy nuclei ranging from 22!Fr to *>Cm was experimen-
tally observed [34, 35], in which the daughters consistently
exhibited a doubly magic configuration such as 2°®Pb or a
neighboring one. It should be noted that several researchers
have used different models to study the emission of light
clusters of C, O, F, Ne, Mg, Si, etc. from SHN. In these
decays, the daughter was not the doubly magic 2%*Pb or a
neighboring one, but none of them succeeded in predict-
ing a half-life equivalent to that of the a-decay. Only a few
models have successfully been used to study heavy particle
radioactivity (Z- > 28) from SHN with Z> 110, in which the
half-lives obtained were comparable to the alpha half-lives,
and the decays led to 2°Pb or neighboring nuclei. The first
model to predict heavy-cluster decay half-lives comparable
to alpha half-lives was the ASAFM of Poenaru et al. [23];
the other models were the CPPM [25] and MGLDM [26].
Recently, Ghodsi et al. [41] studied heavy-cluster decay from
SHN using a double-folding formalism. Their results were
compared with those of other models, including our results
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Table 1 Predicted half-lives of probable clusters from SHN 2°7-2%8119

Parent nuclei—2>°7119 Parent nuclei—?°%119

Emitted cluster ~ Daughter nuclei ~ Q value (MeV) T, 2 (s) Emitted cluster ~ Daughter nuclei ~ Q value (MeV) T, 2 (s)
“He 29375 10.4651 2.76x10° “He 24T 10.33508 7.89%10°
81As 215Rn 279.6003 1.57x 10" 82As 215Rn 279.0120 2.24%10"
825e 25At 286.1709 4.76x 10" 8As 2I5Rn 279.9983 2.36x 10"
8As 2l%Rn 281.3093 2.84x10' 845e AL 288.4867 1.65x108
845e 2BAt 289.8477 1.73%x 107 8Br 213po 294.3890 1.11x10’
8Br 212pg 296.2644 4.07x10° 8Br 212pg 295.1614 1.55x%10°
86K r 211Bj 302.4447 9.42x10° 87Kr 21Bj 301.7285 1.62x10*
87Br 210pg 297.1651 2.54%10* 8Ky 210 303.6432 1.68x10?
88Kr 209Bj 305.2699 7.13%10° 8Kr 209Bj 303.9544 4.96x10"
%Rb 208pp, 310.7805 3.49%x107"  Rb 208pp, 310.2745 3.64x107!
“Rb 207pp, 309.1380 9.33%x10° °IRb 207pp, 309.3570 1.88x10°
°IRb 206pp, 308.8505 1.08x 10! 92Sr 2067] 314.2803 2.22x107!
“Rb 2051 314.0078 7.55%107" %S 205] 313.0668 2.26x10°
Sr 2041y 311.7521 7.31x 10" %Sy 20411 312.3518 7.13%x10°
%Sy 2037 311.9270 3.20% 10! Sy 203Hg 315.6372 2.06x 10"
Sy 202Hg 315.8733 2.10x 10" %y 202Hg 314.8353 7.72% 10!
%7zr WAy 319.1599 3.53% 10! zr WAy 318.4977 5.77x 10"
Ty 200Hg 312.9383 4.88x10° Bzr 200y 317.6820 2.23%x10?
B7r 199Au 317.6958 3.63x10? PZr 199Au 315.8708 6.86%10°
“Nb 198p¢ 319.5590 7.01%10° 1007 198 A 315.1138 2.35x10*
1007 197 Au 314.8328 6.87x10* 10INb 197p¢ 318.4708 2.08x10*
101N 196pg 318.8555 1.56x 10* 102Nb 196p¢ 318.1028 3.25x10*
102Mo 195]y 3225733 4.39%10° 103Mo 1951 321.8063 9.42%10°
103Nb 194pt 317.1091 3.02x10° 10%%Mo 1941r 322.0358 4.39%10°
%Mo 1931y 322.2003 5.22%10° 105Mo 1931 321.0273 2.62x10*
105T¢ 19205 325.4923 2.38%10° 106T¢ 19205 324.8183 4.29%10°
106Mo 191y 320.1568 1.96x10° 1071¢ 1910 324.3052 9.40%10°
1071¢ 19005 324.7778 5.97%10° 108Ru 190Re 328.4040 7.16 % 102
108Ru 189Re 328.9600 2.96x10? 109Ru 189Re 327.8770 1.26x10°
109Rh 188y 330.9870 8.38x10? 110Ry 188Re 328.2499 4.52%10?
10Ry 187Re 328.6095 3.65x10? Rh 187w 331.3680 1.37 % 10?
'Rh 186yy 332.1326 4.77%10" 2Rh 186yy 331.3986 1.00 % 102
112pq 185Ta 335.0350 1.54% 10! '3Rh 185w 331.3149 9.40%10"
'3Rh 184w 331.7925 5.98x10! 14pq 1847 335.4890 2.08x10°
!4pq 1837 336.1035 991x10™"  15pd 1837 334.8795 6.00x10°
SAg 182hf 338.3530 8.78x 1071 1l6pq 18279 335.4217 1.50x10°
116pq 181y 335.5901 1.86x10° WAg 181yf 338.7450 1.33%x 107!
WAg 180f 339.2815 7.53x1072  8cd 1801y 342.5420 2.74x1073
8cq 7Ly 343.0810 1.54x1073  "cd MLy 342.1990 4.66x1073
1191 178Yb 344.6960 1.63x107  129cd 80 343.4549 2.17x107*
120cd 7Lu 343.6609 261x107* 2 177yb 345.9814 4.85x%107°
211y 176yp 346.6463 203107 I 176y 346.2213 2.20%107°
1228n 15Tm 349.5700 1.16x107%  'In 15Yb 347.2846 1.38x107°
1231 174yb 347.6935 1.06x107%  12%sp 174Tm 351.2515 5.07x107°
1245 13 Tm 351.8075 2.67x107°  12Sn 1B3Tm 351.3097 3.35%107°
1255 172Tm 350.5877 4.80x107%  126gp 12T 352.5490 8.41x 107!
1265 7Tm 352.5453 2.13x10710 1275y 7T 351.8403 4.74%10710
1275h 170gy 354.1255 2.31x10710 1285y 170y 352.3163 9.46x 107!

@ Springer



196 Page6of16

M. Chandran et al.

Table 1 (continued)

Parent nuclei—?>°"119

Parent nuclei—?>*%119

Emitted cluster ~ Daughter nuclei ~ Q value (MeV) T, 2 (s) Emitted cluster ~ Daughter nuclei ~ Q value (MeV) T, 2 (s)
128gn 169Tm 351.9557 6.59x10710  12%Sp 169Ey 354.7102 1.07x1071
1295p 168gy 354.9382 1.46x10711  130T¢ 168Ho 356.5730 3.34x10712
130Te 167Ho 356.9520 298x10712  BlTe 17Ho 356.6500 2.14x10712
131gp 166E 354.2255 6.99x1071"  132Te 166Ho 357.4183 2.79%10713
132Te 165Ho 357.4060 5.88x10713  133Te 165Ho 356.9951 5.85x10713
1331 164Dy 359.1446 1.85%x10713 134 164Dy 359.1706 8.65x 10714
134Xe 163Tp 360.0418 2.63x10713 13 163py 359.3201 6.44x10714
1351 12Dy 359.2804 1.10x10713  136Cs 162Gq 359.7800 1.90x 1072
136Xe 16T 361.2110 247x107%  Cs 161Gd 361.2119 491x1071*
137Cs 160Gd 361.8079 3.05x1071%  138Cs 100Gq 359.9891 7.99% 10713
138Ba 1996y 361.6248 1.97x10™3  13Ba 1596y 360.1169 3.98x107"2
139Cs 158Gd 358.7110 6.03x107!1  140By 158gy 359.6985 1.12x107"
1404 1S7TEy 360.0470 1.12x107""  41Ba 57Ey 358.3510 3.63%x10710
418 156Sm 359.6110 1.40%x10710 191, 1565 m 358.5450 8.32x10710
42Ce 155pm 358.7929 258%x107° ¥La 1558m 357.5222 1.00x1078
8La 154Sm 357.9466 8.05x107°  'Ce 15%pm 357.8589 1.01x1078
44Ce 153pm 358.3999 6.11x107°  %Ce 153pm 356.8780 1.03%x1077
145py 152Nd 357.0960 205%x1077  4Ce 152pm 356.0400 7.21%x1077
146Ce Spm 356.3320 7.88x1077  Wpp SINd 355.5472 3.32%107°
147py 150Nd 356.4440 8.99x1077  8pr 150Nd 355.3750 4.86x107°
149py 48Nd 355.7671 422%x107%  ¥pp 19Nd 354.5745 2.97%107

using the CPPM [25], and agreed with our findings. In the
present work, our group considered all of the probable heavy
clusters in the frame of the MGLDM and predicted half-lives
comparable to those of the a half-lives (decays leading to
the doubly magic °Pb or a neighboring one), along with
the minimum half-lives (decays leading to the doubly magic
13281 or a neighboring one). It should be emphasized that the
predictions of HPR half-lives comparable to the alpha decay
half-lives in the superheavy region are model-dependent. In
Ref. [25], we studied the HPR (Z >28) from the isotopes
of SHN using the CPPM with the preformation probabil-
ity, which depends on the Q value of the decay. In the cur-
rent study, we used the MGLDM with a Q-value-dependent
preformation probability to study the HPR from isotopes
of Z=119. In Ref. [31], we analyzed the emission of light
clusters (Z- < 14) of C, O, F, Ne, Mg, and Si from various
heavy nuclei with A values ranging from 221 to 242 using
the MGLDM with a Q-dependent preformation factor. The
former study [25] dealt with the emission of heavy clusters
from SHN, whereas the latter one [31] dealt with the study
of light clusters from heavy nuclei. We would like to men-
tion that the models used for these studies were different.
In the CPPM and MGLDM, the expressions used for the
barrier penetrability were different (see Eq. (5) of Ref. [25]
and Eq. (14) of Ref. [31], respectively).

@ Springer

The variation in the log, (T, value of the probable heavy
cluster versus the mass number of the cluster for the pos-
sible HPR from 27119 is depicted in Fig. 1(b). The half-
life decreased with increasing cluster size. In addition, the
predicted heavy-cluster decay half-life exhibited peaks and
dips. The stability of the mother nucleus was represented
by the half-life peak, whereas the durability of the decay
fragments was represented by the half-life drop. When
decay fragments have closed shells, they are more likely to
be stable and undergo radioactive decay. In Fig. 1(b), the
small dip in the half-life corresponds to the fragment com-
binations [3*Kr (N=750)+2''Bi], [*Rb+2%Pb (N=126)],
['**Sn (Z=50)+'"Tm], [*°Xe (N=82)+'*'Tb], and [*"Cs
(N=82)+'°Gd]. This indicates that if the daughter or clus-
ter possesses a magic number of neutrons or protons, a dip
in the decay half-life can be observed.

The same observation was made for 28119, %119,
and *°°119. In Fig. 2(b), the small dip in half-life corre-
sponds to fragment combinations [*°Rb+2%Pb (N=126)],
[12°Sn (Z=50)+7>Tm], ['31 (N=82) + '**Dy], and ['*’Cs
(N=82)+'9'Gd]. As shown in Fig. 3(b), fragment combi-
nations [*2Sr+ 2Tl (N=126)], ['*°Sn (Z=50) + '*Tm],
and [%Xe (N=282)+ '*Tb] exhibited the lowest half-
lives. The minimum 7, values for fragment combinations
[°3Sr +2T1 (N=126)], ['*°Sn (Z=50) + *Tm], and [**Xe
(N=82)]+'** Tb] are shown in Fig. 4(b). The predicted
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Table 2 Predicted half-lives of probable clusters from SHN 2%%300119

Parent nuclei—2?°119 Parent nuclei—>119

Emitted clus-  Daughter nuclei Q value (MeV) Ty (s) Emitted cluster Daughter nuclei Q value Ty (s)

ter (MeV)

“He 25T 11.47508 5.68x107 “He 25T 11.39508  1.09x 1072
8As 215Rn 279.1563 7.94% 10" BAs 21"Rn 277.8003 7.14x 10"
845e 25A¢ 286.9447 2.21%10° 845e 210A¢ 285.4807 2.49%10'°
$Br 2l4pg 292.7850 1.68% 108 855e 25A¢ 285.4606 1.78x10'0
86Se 2B3A¢ 286.8232 1.29%10° $Br 2l4pg 201.8920  4.25x108
8Br 212pg 294.0014 6.71x10° $Br 213pg 292.3360 1.20% 108
88Ky 21Bj 301.2903 1.59%10* $8Kr 2124 299.5992 3.25%10°
8Kr 210B; 301.0677 1.62x10* $Kr 211Bj 300.1848 6.35x10*
OKr 20984 302.9579 1.66x 10% 0Ky 2104 301.5412 2.27%10°
°IRb 208py, 309.2335 1.41x10° *IRb 209pp 307.1496 9.74% 10"
22Sr 2077 313.6410 5.60%x107! 2Rb 208pyp 308.3105 4.13%10°
%3Sr 2067 312.0793 1.22x 10" %Sr 2077 312.9100 1.04%10°
%4Sr 20511 312.4065 3.59%10° %4Sr 2067 312.8890  6.51x107!
Sy 204Hg 315.6381 1.20x 10! 9Sr 2057 3107278  5.81x10!
%Sr 2031 308.4193 9.49%10° %6y 204Hg 314.8101 2.82%10"
Ty 202Hg 313.2003 1.02x103 Ty 203Hg 3131742 6.47x10?
Bzr W01 Ay 317.423 2.30%10? BZr 2024y 317.4250 1.36 x 102
Py 200Hg 309.8873 4.96x 10° 97r 0lAu 315.8080  2.86x10°
1007 199Au 315.2068 1.18x10* 1007, 200Ay 3154030  4.73x10°
101N 198p¢ 318.5350 1.11x10* 1017, 99Au 314.0448 5.72%10*
102Mo 971y 321.565 1.26x10* 102Np 198p¢ 317.9923 1.50%x 10*
103N 196p¢ 317.4135 6.01x10* 103Nb 197p¢ 317.2388 5.23x10*
1%4Mo 1951y 321.7763 450%10° 104Mo 1961 321.5740 4.11x10°
1057¢ 19405 324.4652 7.01x10° 105Mo 1951 320.8133 1.48x10*
1060 o 1931, 320.4043 4.30x10* 10607 o 1941¢ 320.4498 2.36x 10
1077¢ 19205 324.3723 4.90%10° 1077 19305 323.9344 7.24%10°
18Ry 191Re 327.7510 1.26x10° 1087¢ 19205 323.5953 1.12x10*
1097¢ 19005 322.7308 8.54%10* 109Ry 9IRe 326.8780 3.51%x10°
10Ry 1%9Re 327.7920 6.89x10? 10Ry 19Re 327.4460 8.35% 107
1Rh 188y 330.7120 3.13%x 107 Ry 139Re 326.5540 4.15%10°
2Ry 187Re 326.5875 5.15%10° 12Rh 188y 330.1880 4.29x10?
13Rh 186y 331.0156 1.02x10? 13Rh 187w 330.4610 1.90x 10?
114pq 185Ta 334.6240 7.46x10° 14pq 186y 333.8900 2.03% 10!
IS¢ 184yt 336.2230 2.54% 10! 115pq 185Tq 333.6100  2.89x10'
116pq 1839 334.8645 2.79%10° 116pq 134Ty 334.4600 3.75%10°
WAg 182yf 337.9720 3.95x 107! Wag 183yt 337.2520 1.05x10°
18cq By 341.242 2.62x1072 18Ag 1821 337.3938 6.15x107!
19A¢ 180£ 338.1655 1.66x 107! 19A¢ 18I 337.8390 1.87x107!
120¢cd 1Ly 342.7560 5.62x107* 120cq 180y 342.4270 6.27x107*
121y 18Yb 345.2520 1.34x107* 12lcd 1Ly 341.9228 1.57x1073
122¢cd Ly 342.7363 3.72%x107 122¢cd 18Lu 342.7403 1.90x107*
123In 176y 346.6603 3.07%x107° 123[n 177yb 346.2054 4.54x%1076
1245n 5Tm 350.2815 2.82x1078 124gp 176Tm 349.3915 1.25%1077
12510 174yb 347.0968 6.58x1077 1258 15Tm 349.9937 2.09%x1078
1265 1B3Tm 352.0110 1.55x 10710 1265n 174Tm 351.6650 1.67x1071°
1275p 172Ey 352.9210 1.06x107° 1275n 13Tm 351.5160 1.92x1071°
128gn 7T 3523113 3.66x 1071 128gn 172Tm 352.5250 7.42x10712
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Table 2 (continued)

Parent nuclei—?>*°119

Parent nuclei—>"°119

Emitted clus-  Daughter nuclei Q value (MeV) Ty (s) Emitted cluster Daughter nuclei Q value Ty (s)
ter (MeV)
1298 1705y 354.4765 8.05x 10712 1298b Tgr 354.1368 8.24x10712
1307e 1%9Ho 355.8890 8.95x 10712 1305p 1705, 354.1835 5.52%x 10712
1315p 168Er 354.7106 2.54%107"12 131gp 1698 354.6926 1.17x1072
1327 17Ho 357.2070 233%x10713 132 168Ho 357.0380 1.92x10713
1331 166py 358.1815 3.57x10713 133Te 1$7Ho 357.0061 1.83x10713
134Te 165Ho 357.1718 1.98x 10713 134Te 166Ho 357.3941 1.17x1071
135Xe 164 Tp 358.2580 427%x10712 135Xe 165 Th 358.7918 3.91x1071
136Xe 163 T 360.7652 247%x1071 136xe 164 Th 360.3242 3.03%x1071
137Cs 12Gd 360.5668 9.09% 1071 137Xe 163 Th 358.7694 3.03%x10713
138Ba 161Ey 359.7938 4.24%10712 138¢s 162Gd 3589580  2.02x107'?
139Cs 1600Gq 358.3831 2.29%107! 139¢s 161Gd 357.9971 2.60x 1071
1998, 5By 359.0510 2.54%107!! 140 160gy 358.5514 391x107!
4L a 1589m 357.9220 1.86x107° 141Ba 1996y 357.5650  4.86x107!°
192Ba 157By 357.0410 4.02x107° 1428, 158gy 356.9025 2.46x107°
18La 156§ m 357.2720 8.18%x107° 193 a 157Sm 356.6390 1.73%1078
144Ce 155pm 357.1119 2.77x1078 144 a 1565 m 356.0010 7.74%1078
15La 154gm 355.0306 1.60x107° 145Ce 155pm 355.8000 2.81x1077
146Ce 153pm 356.0140 3.55% 1077 146Ce 154pm 355.6830 3.58% 1077
147py 152Nd 355.3340 2.56x107° 147Ce 1535pm 354.4520 6.17x107°
148Nd Sipy 353.9281 6.17x1073 148py. 12Nd 354.4750 8.60%107°
149py 150Nd 354.4590 1.85x107° 149pp SINd 353.7722 421x%1073
150py 150Nd 353.7710  4.21x107°
Table 3 Comparison of half- Parent nuclei Probable cluster Daughter nuclei Q value (MeV) Teluster (g)
lives computed by the MGLDM 1/2
and the values reported by MGLDM Poenaru
Poenaru et al. [35]. The Q
values were taken from Ref. 27119 8Rb 208pp (N=126) 311.65 406x1072  1.95%x1072
(35] 29119 IRb 208ph (N=126) 310.63 427%x1072  3.02x1072
300119 2Rb 208pp (N=126) 309.74 1.21x 10! 3.63%x 10!

heavy cluster or its residual nuclei are extremely stable
because of the closed-shell effect, which is one of the dis-
tinctive characteristics of heavy-particle radioactivity.

The probabilities of cluster emissions from each isotope
of 227309119 with a half-life similar to that of the a-decay
half-life are listed in Table 4. Columns 1-4 show the par-
ent nuclei, probable clusters, daughter nuclei, and Q val-
ues, respectively. Columns 5 and 6 represent the heavy-
cluster half-life and a-decay half-life from each isotope of
297-3001 19, respectively. If the predicted heavy-cluster half-
life is close to the a-decay half-life, then there is a chance
that the SHN will go through heavy-cluster decay. Various
isotopes of indium (Z=49), cadmium (Z=48), and palla-
dium (Z=46), which have proton numbers close to magic
number Z =50, are the principal heavy clusters with half-
lives equivalent to the o half-life, as predicted from the SHN

@ Springer

of 2739119 and listed in Table 4. Another probable decay
mechanism involved the different isotopes of rubidium lead-
ing to daughter nuclei of lead (Z=82), strontium leading to
thallium (Z=_81), and krypton leading to bismuth (Z=383).
In all these cases, the proton number and number of neutrons
in the residual nuclei were near the magic numbers (Z=82,
N=126). This clearly illustrates the role played by the magic
numbers in radioactive decay. Detecting these decays with
T, ), values comparable to that of the o decay will be benefi-
cial for future studies.

Table 5 lists the possible cluster—daughter combinations
with the minimum half-life values among all the fragmenta-
tions of each isotope of 27119, When the half-life was
low, the decay probabilities increased. From the table, it can
be deduced that the most probable clusters with the low-
est half-lives were various isotopes of Cs, Xe, and I, with
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neutron number N =82 or near it. Consequently, we could
identify an area where HPR dominated the o decay in this
study and all the possible heavy clusters had the magic num-
ber of neutrons (N=282) or close to it, as listed in Table 5.
This study revealed that the likelihood of decay increases
when either the emitted cluster or daughter nucleus pos-
sesses stable configurations characterized by the magic

Mass number of cluster

follows:

P

P

number of protons or neutrons. Therefore, our study demon-
strated the significance of the shell effect on nuclear decay.

Y = = x 100%,

Furthermore, calculations were performed to deter-
mine the yield of every possible decay combination from
297-300119. Yield Y for a decay combination is computed as

Y
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Fig.4 a Plot of driving poten-
tial vs. mass number of clusters
for 3119 for touching configu-
ration r = C; + C,. b Variation
of logarithm of half-life with
mass number of clusters for
probable heavy-cluster decay
from **°119

Table 4 Possible HPR from
297-3001 19 SHN with half-life
comparable to that of a-decay
half-life

Table 5 Most probable heavy-
cluster decay from 273%119
SHN with least half-life among
all splitting
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Parent nuclei Probable cluster Daughter nuclei Q value (MeV) Tf'/“;‘e' (s) Ty 1 (s)
27119 116pq (N=70) 181Ta (N=108) 335.5901 1.86x10° 2.76x10°
8Kr (N=52) 2098 (N=126) 305.2699 7.13%10°
PORb (N=53) 207pp (N=125) 309.1380 9.33%x10°
28119 116pq (N=70) 182Ta (N=109) 335.4217 1.50%10° 7.89x10°
15pd (N=69) 183Ta (N=110) 334.8795 6.00x10°
14pq (N=68) 184Ta (N=111) 335.4890 2.08x10°
%St (N=56) 24T (N=123) 312.3518 7.13%10°
93Sr (N=55) 05T (N=124) 313.0668 2.26x10°
9IRb (N=54) 27pp (N=125) 309.3570 1.88x10°
29119 120cd (N=72) Lu (N=108) 342.7560 5.62x10™%  5.68x1073
2 (N=72) 178Yb (N=108) 345.2520 1.34%x107*
122cd (N=74) 7TLu (N=106) 342.7363 3.72x107*
3007119 2lcd (N=73) Lu (N=108) 341.9228 1.57x1073 1.09x 1072
Parent nuclei Probable cluster Daughter nuclei Q value (MeV) Tfl/L;‘ef (s)
27119 37cs (N=82) 160Gd (N=96) 361.8079 3.05x 1071
136Xe (N=82) 161 Th (N=96) 361.2110 247x 1071
298119 137Ccs (N=82) 161Gd (N=97) 361.2119 491%x 1071
1351 (N=82) 163Dy (N=97) 359.3201 6.44x 1071
1341 (N=81) 164Dy (N=98) 359.1706 8.65x 10714
29119 37Ccs (N=82) 162Gd (N=98) 360.5668 9.09x 1071
136Xe (N=82) 163 Th (N=98) 360.7652 247x 1071
300119 136Xe (N=82) 164 Th (N=99) 360.3242 3.03x 1071
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where P is the barrier penetrability for the decay, and
> P is the sum of the barrier penetrabilities of all the com-
binations. Tunneling possibility P was given by Eq. (6) in
Sect. 2. Table 6 presents the tabulated data for the decay
combinations that exhibited the highest yield values.

Once the yield was calculated, the logarithmic yield was
plotted against the mass number of clusters in each case.
Figures 5, 6, 7, and 8 show the plots of log,,[ Y] versus the
number of clusters for all the decay combinations involv-
ing clusters with mass numbers ranging from 80 to 150
for 297119, 28119, 2°119, and 3*°119, respectively. From
all the graphs, it can be observed that the logarithm of the
yield reached its maximum at two distinct positions. One
peak was located in the vicinity of clusters with mass num-
bers ranging from 88 to 94, while the other peak was found
around the clusters having 132 <A <138. For 297119, the
first maximum occurred when the isotope decayed into
cluster ®Rb, resulting in the formation of doubly magic
daughter nuclei, 208py, (Z=82, N=126). The second
maximum, which had the highest log,,[Y] value among
all the decay combinations, occurred for the combination
[13Xe + %! Tb]. This was also the reaction with the mini-
mum driving potential in the cold valley plot of ?°’119,

making it the most probable decay. The first peak in the
yield for the cluster emissions from 2119 and 2°°119 was
achieved when the daughter nuclei, 208py  were formed,
with the respective clusters generated being °Rb and °'Rb.
The second maximum yield value was achieved in the
cases of 28119 with combination ['*°I (N=82) + 163Dy]
and 2°°119 with combination ['**Xe (N =82)+ '%*Tb].
For %0119, the first and second yield peaks occurred for
decay combinations [°4Sr + 29071 (N=125)] and [13Xe
(N =82) + '%*Tb], respectively. Based on these observa-
tions, we can infer that if the cluster or daughter nuclei
involved in the decay possess a magic number of neutrons,
the probability of the reaction occurring is higher, lead-
ing to an increased yield for that specific decay combina-
tion. Magic numbers are known to provide greater stabil-
ity to atomic nuclei, and their presence in decay products
enhances the probability of decay combinations.

Table 7 lists the decay modes of 297300119, which were
determined by comparing the 7', values of the o decay
with the T , values of the spontaneous fission. Columns
1-4 indicate the parent nuclei, Q values, SF half-lives, and
a-decay half-lives, respectively. The mass inertia-dependent

Table 6 Table showing some of

. Parent nuclei Cluster nuclei Daughter nuclei Q value (MeV) Penetrability P log,olY]
the maximum log,[Y] values

for diggg{g;(} decay combinations 297119 8Ky 2098 (N=126) 305.2699 6.49% 1076 —3.592
from L9 9Rb Wph (N=126)  310.7805 238x 107 ~3.028
Rb 207pp (N=125) 309.1380 1.50x107°° —4.228

135 (N=82) 162py 359.2804 447x107! 1.246

136Xe (N=82) 91 Tb 361.2110 8.10x 107! 1.503

37Cs (N=82) 160Gq 361.8079 497x107! 1.291

28119 Rb 208pp (N=126) 310.2745 2.68%x107° —2.998

°IRb 27pp (N=125) 309.3570 6.95%107° —3.584

28r 20671 (N=125) 314.2803 1.20x1073 —3.346

B4 (N=81) 164Dy 359.1706 5.97x107! 1.349

135 (N=82) 163py 359.3201 7.49%107! 1.448

137Cs (N=82) 161Gd 361.2119 4.08x107! 1.184

29119 °TRb 208pp (N=126) 309.2335 9.65x107° —3.496

928r 27T (N=126) 313.6410 5.88x107° -3712

93Sr 20671 (N=125) 312.0793 4.50%x 1077 —4.828

132Te (N=80) 167Ho 357.2070 5.46x 107! 1.256

134Te (N=82) 165Ho 357.1718 6.54% 107! 1.334

136Xe (N=82) 163 Ty 360.7652 9.98x 107! 1.518

137Cs (N=82) 162Gd 360.5668 2.97x107! 0.992

3007119 %“Rb 208pp (N=126) 308.3105 439%107° —4.011

93Sr 27T (N=126) 312.9100 4.02%x107° —4.049

%4Sr 20671 (N=125) 312.8890 6.47x107° —3.843

132Te (N=80) 16810 357.0380 7.13%x 107! 1.199

133Te (N=81) 167Ho 357.0061 7.61x107! 1.227

134Te (N=82) 166Ho 357.3941 9.96x 107! 1.344

36Xe (N=82)  '%*Tb 360.3242 9.98x 107! 1.345
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Fig.5 (Color online) Plot show- 4
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Fig.7 (Color online) Plot show- 4 — —
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Table 7 Decay modes of

2973001 19 isotopes Parent nuclei  Q value (MeV) Tlsfz Q) T ' (s) TF/"ZP‘- (s)[39] Mode of decay
Theory  Expt. [39]

27119 10.46508 2.12x107°  2.76x10"%° a
293 11.32508 2.87x107°  3.80x107"  220x107? «
29Mec 10.48508 239%1077  141x107°"  330x107"" @«
25Nh 10.01508 1.60x10"%  6.87x107°"  420%x10"° ¢«
BIRg 9.89508 333x1072  348x107%  1.70x10™'  SF SF
2TTMt 9.90508 1.04x107%  7.49%107%  5.00%x10™® SF SF
28119 10.33508 1.68x10"2  7.89%10+% a
2947 11.18508 2561073 1.03x1072  510%x107? « a
20Me 10.40508 241x10""  285%107""  6.50%x107" @« a
286Nh 9.79508 3361077 3.67x10"°  950%x10*° «
BRg 9.54508 5.60x1012 45810 1.00x10"? « a
2T8Mt 9.58508 1.61x10"°  7.66x107°"  450%x10"° ¢« a
274Bh 8.93508 1.50x10%2  1.67x10*°"  440%x10™" « a
29119 11.47508 1.93x10™®  568x107% a
29575 9.23508 8.17x10*®  3.55%x10*% a
PIMe 10.29508 9.54x 10"  436x107" a
28'Nh 9.65508 4.86%x10™*  7.33x10%% a
Rg 9.36508 1.21x107%°  1.25x10%0! SF
2OMt 9.38508 1.78x 1079 2.32x10%% SF
300119 11.39508 1.83x 10" 1.09x107% a
2967g 8.94508 1.72%x10™13  437x10%% a
22Mc 10.20508 1.22%x10"3  9.55x10™ a
288Nh 9.57508 5.89x10M%®  1.57x10*%! a
BiRg 9.03508 3.00x10%%  1.75%x10%% a
280t 9.13508 3.69x10M  1.70x10*%! a
276Bh 8.04508 9.84x10™"  2.05x10** SF
22D 7.94508 1.70x 1072 8.72x10+% SF

expression [26] was employed to calculate the SF half-
life, while the MGLDM method was utilized to obtain the
a-decay half-life. The equation for the SF half-life is as
follows:

72 72 ’
loglo[T1/2(Yr)] =cCt6 m t+c3 m + C4Egen + Csligia + By

[44], and h; represents the blocking effect for a nucleon that
is unpaired. For heavy and SHN with even numbers of both
protons and neutrons, #; is set to 0. However, for nuclei with
an odd number of neutrons (odd-N nuclei), A, is equal to

12)

where Lisiq = Bigia[l +0.318, + 0.4482 + ...] is the mass
inertia of a rigid nucleus [42, 43], with mass inertia param-
eter B, = MR = 0.01384% 3(712/Mev>and R=124"3fm)M
represents the mass of the nucleus, while g, stands for the
quadrupole deformation of the nucleus. The given constants
have specific values: ¢; = 1208.763104, ¢, = —49.26439288,
c; = 0.486222575, ¢, = 3.557962857, and ¢5 =
0.04292571494. Additionally, the value of & is set at 2.6

@ Springer

2.749814, and for nuclei with an odd number of protons
(odd-Z nuclei), k. is equal to 2.490760. The experimental
half-lives reported in Ref. [45] are listed in the 5th column.
The theoretical and experimental decay modes are presented
in columns 6 and 7, respectively. The daughter nuclei result-
ing from the decay of 297119, namely 29375, 29Mc, and
285N, possess half-lives shorter than the spontaneous fission
half-life. Consequently, they are capable of enduring the fis-
sion process. Spontaneous fission takes place in daughter
nuclei 28'Rg and ?’’Mt because their spontaneous fission
half-life is shorter than their o half-life.
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Hence, this work implies that the decay of 7119 includes
four a0 decay chains and two spontaneous fissions. The decay
of parent nucleus **119 involves seven o decay chains only
because of the significantly shorter a half-lives compared to
the SF half-lives. In the context of parent nucleus 299119, the
a half-life is shorter than the SF half-life for the initial four
decays. Subsequently, for daughter nuclei 2*Rg and 2°Mt,
spontaneous fission takes place due to the a half-lives being
longer than the SF half-lives. Consequently, the decay of
299119 involves a sequence of four a decay chains followed by
two instances of spontaneous fission. Similarly, 3°°119 experi-
ences a series of six a decays, followed by two occurrences
of spontaneous fission. The currently obtainable experimental
half-life, as well as the predicted decay mode based on the
accessible experimental data, provide additional validation of
our predictions. We would like to mention that the isotopes of
Z=119 are the most promising candidates for synthesis in the
future. The present study determined the most favorable heavy
cluster emissions from these nuclei and provided suitable pro-
jectile target combinations (obtained from the cold reaction
valley) for their synthesis, depending on the availability and
lifetimes of the projectiles and targets.

4 Summary

We investigated all of the possible cluster—daughter com-
binations for isotopes 2°7>°119 and computed the heavy-
cluster decay half-lives using the MGLDM, including the
decay energy-dependent preformation probabilities. The
expected half-life of any heavy cluster within experimen-
tally detectable limits had a Z- > 32, and these results were
in line with the predictions of Poenaru et al. that SHN
with Z> 110 will produce heavy particles with penetra-
bility comparable to or greater than that of the a-decay.
The isotopes of heavy clusters of Kr, Rb, Sr, Pa, In, and
Cd have half-lives comparable to the o half-lives; and the
isotopes of clusters of I, Xe, and Cs have a minimum half-
life (107!* s), indicating the role of shell closure (Z=82,
N=282, and N=126) for cluster and daughter nuclei in
heavy-cluster radioactivity. We anticipate that isotopes
297299119 will decay in 4a chains, isotope *°°119 will
decay in 6a chains, and isotope 2°®119 will decay in con-
tinuous « chains. The predicted half-lives (o and SF) and
modes of decay of nuclei in the disintegration chains of
297-300119 agree with the experimental data, which verifies
the reliability of our findings.
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