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In this paper, we systematically calculate the «-cluster preformation factors and decay half-lives of light nuclei
around two newly observed self-conjugate emitters ' Xe and '™Te. The cluster-formation model is employed to
calculate the preformation factors by using the experimental nuclear binding energies obtained from the recently
updated atomic mass evaluation (AME2020). The binding energies calculated by the improved Weizsicker-
Skyrme formula (WS4) are also used to evaluate the preformation factors. The typical behaviors are obtained
that the preformation factors of even-even nuclei are larger than those of odd-A (even-odd and odd-even) nuclei
and the latter are generally larger than those of odd-odd nuclei. Besides, due to Pauli blocking, the preformation
factors for isotopic chains are decreased with the increasing neutron number. However, it is found that, as a
result of the competition between the Pauli blocking and Coulomb repulsion effects for isotonic chains, the
preformation factors are generally increased with the increasing proton number. Moreover, with these obtained
preformation factors, the «-decay half-lives of these light emitters are further calculated under the density-
dependent cluster model. The calculated results are compared with experimental data, especially for the two

newly observed emitters.
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I. INTRODUCTION

One of the fundamental nuclear decay modes is « decay,
which manifests by emitting an « cluster from the parent nu-
cleus. The mechanism of o decay was successfully explained
in 1928 for the first time by Gamow [1] and Condon et al.
[2] as a pure quantum tunneling effect. After these pioneering
works, different theoretical models have been subsequently
established to study the properties of o decays [3—14]. The «-
decay process is usually described as a preformed « cluster in
the parent nucleus penetrating the Coulomb barrier of the total
interaction between the « cluster and the daughter nucleus.
The «-decay width is closely related to the «-cluster prefor-
mation probability P, (preformation factor) and the barrier
penetration probability. The latter is exponentially dependent
on the so-called Gamow factor [1], which can be readily
calculated. However, the thorough calculation of the former
P, involves a complicated many-body problem, in which the
preformation factor is generally treated as the overlap between
the initial state of the parent nucleus and the final states of
the outgoing « cluster and the daughter nucleus. There are
several studies to directly calculate the «-cluster preforma-
tion factors. For example, by combining the shell and cluster
models, Varga et al. successfully calculated the preformation
factor P, = 0.23 for the nucleus >'?Po with an « cluster plus a
doubly magic core 2®Pb [15]. With some reasonable approx-
imations for the many-body system, the preformation factors
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in heavy and superheavy nuclei can be microscopically cal-
culated in the quarteting wave-function approach [16-20]. By
analyzing the interactions among the valence nucleons in the
parent nucleus, Ahamed et al. proposed a cluster-formation
model (CFM) to study the « clustering [21-24], where the
experimental separation energies are used to calculate the
preformation factor P, instead of solving the many-body
problem. The CFM has been used to systematically calculate
the «-cluster preformation factors for heavy and superheavy
nuclei [21-24]. The calculated preformation factor for 2'?Po
is about P, = 0.221 [21], which is consistent with previous
microscopic calculations.

Allowing for the complication of the microscopic calcu-
lations, the preformation factors P, in many previous studies
are usually assumed to be constant or extracted by reproduc-
ing the experimental «-decay half-life. From this simplicity,
there have been several different models proposed to calcu-
late the o-decay half-lives throughout the nuclide chart. For
instance, Buck et al. performed systematic calculations of
a-decay half-lives [25-27] within a realistic potential and
the two-potential approach (TPA) [28]. By using the gen-
eralized liquid-drop model [29], Royer et al. systematically
computed the half-lives of o emitters. With the stationary
coupled channels approach, Delion and coworkers analyzed
many « decays into both ground and excited states [30,31].
Under the density-dependent cluster model (DDCM) [32-41],
the «-decay half-lives for both spherical and deformed emit-
ters are investigated. By using the Coulomb and proximity
potential model for deformed nuclei, Santhosh et al. stud-
ied the a-decay properties of heavy and superheavy emitters
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[42-44]. Recently, the relativistic energy density functional
is also used to study the «-decay properties by including the
nuclear deformations [45].

The majority of «-cluster emitters are located in the region
of heavy and superheavy nuclei. However, there also exist
some lighter nuclei with spontaneous « decays in the vicinity
of the doubly magic nucleus '°°Sn with N = Z = 50 [46-49].
Different experiments have been conducted to investigate the
a-decay properties in this region, especially for searching the
potential superallowed « decays [50-55]. Recently, the new
a-decay chain '®Xe — '%Te — 1%Sn was reported by the
Argonne National Laboratory (ANL) [54]. This is not only
the first time to observe an « decay into a self-conjugate
core 'Sn but also the second case decaying into a dou-
bly magic daughter nucleus. From the available experimental
data, they deduced the half-lives of Tj, = 58")%° us for
108%e and T} 2 < 18 ns for 104 e making the latter the new
fastest a-cluster emitter. A subsequent experiment designed
for searching this new «-decay chain observed two events,
and the data would lead to a smaller half-life 71, < 4 ns for
104Te and further experiments are suggested for conclusive
measurements [55].

The o decays of these light emitters are of particular
importance to study the structure and properties of nuclei
approaching the N = Z line as well as the shell effect around
the Z = N = 50. The studies on the decay properties of light
a-cluster emitters are attracting more and more attention. In
this paper, we employ the CFM to calculate the o-cluster
preformation factors. By using the obtained preformation fac-
tors, the a-decay half-lives of these light emitters are further
calculated within the DDCM. This paper is organized as fol-
lows: In Sec. II, the frameworks of CFM and DDCM are
introduced. In Sec. III, the «-cluster preformation factors and
decay half-lives of light emitters are calculated and discussed.
A summary is given in Sec. IV.

II. FORMALISM

A. Cluster-formation model

The a-decay process is usually treated as a two-body sys-
tem with a preformed « cluster and a daughter nucleus inside
the mother nucleus. The Hamiltonian of the clustering state
can be denoted as H = Hy + H, [21,22], where H is the
Hamiltonian for the cluster-formation state and H, describes
the relative motion between the preformed cluster and the
daughter nucleus. As discussed in Refs. [21-24], the cluster
preformation factor can be calculated by

_ (W|H /W)
I (WIHAW) + (VIH, W)

ey

where W = &, - @, is the total wave function with ®; for
the cluster-formation state and ®, for the relative motion.
They satisfy the corresponding time-independent Schrédinger
equations

Hi®p = E; Dy, (2
H.®, =E, o, (3)

where E is the eigenvalue of the cluster-formation energy and
E, is the energy for the relative motion. By using above two
relations, Eq. (1) can be rewritten as

(Or|Hp|Dy)

P = . (4)
(OplHp|Py) + (Pr|H D)

With respect to the o clustering, by inserting Egs. (2) and (3)
into Eq. (4), the corresponding a-cluster preformation factor
can be denoted [21-24]

Egy Efq

PC( e S il
Ef+E E

, &)
where Ej, is the a-cluster-formation energy originating from
the interactions among the four nucleons in the « clustering
and E, is the energy for the relative motion between the
four nucleons and the residual nucleons in the daughter nu-
cleus. The quantity E = Ef, + E, is the total energy for the
a-clustering state which satisfies HV = EW. If the a-core
interaction is very large, namely E, > Ey,, the preformation
factor P, approaches zero, which indicates that the interac-
tions among the four nucleons in the « clustering are very
minor and the « clustering hardly preforms. On the contrary,
if the interactions among the four nucleons in the « clustering
are significant, namely Ey, >> E,, the preformation factor P,
will approach unity, which corresponds to full « clustering.
In principle, in order to calculate the preformation factor, the
two energies Ey, and E in Eq. (5) should be calculated by
solving the corresponding Schrodinger equation. However, as
discussed in previous works [21-24], by analyzing the surface
nucleon-nucleon interactions, above two energies can both
be approximately calculated from the experimental separation
energies [23,24]

25,428, — S, (even-even)
_ )28, + 82 —Se  (even-odd)
Era = S2p + 28, —Se  (odd-even) (6)
Sop +Son =S¢ (odd-odd),
E =S.4,2), (7

where S, S,, S2p, S24, and S, are one-proton, one-neutron,
two-proton, two-neutron, and «-cluster separation energies,
respectively. They can be calculated by the difference of the
relevant binding energies [56—58]:

Sp(A,Z)=B(A,Z)—BA—-1,Z-1), ®)
S.(A,Z)=BA,Z)—-BA—-1,2), ©)
S$>0(A,Z) =B(A,Z) — B(A—2,Z - 2), (10)
Swm(A,Z) =B(A,Z) — B(A—2,2), 1n
Sq(A,Z)=B(A,Z) —B(A—-4,Z -2), (12)

where B(A, Z) is the binding energy of a nucleus with mass
number A and proton number Z. The majority of the exper-
imental binding energies can be directly obtained from the
recently updated atomic mass evaluation table (AME2020)
[56-58]. However, there are no experimental data for some
very special cases involved in Egs. (8)—(12), such as '%*Te and
103Te. Fortunately, due to the effort of the community, there
have been different nuclear mass formulas [59-65] proposed
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to not only accurately reproduce the masses (binding energies)
of nuclei throughout the nuclide chart but also predict bind-
ing energies of nuclei without experimental data. By using
the improved Weizsicker-Skyrme formula (WS4) [65], Wang
et al. reproduced the experimental masses of all the 2353
nuclei with a root-mean-square derivation less than 0.3 MeV,
which has been one of the most accurate calculations up to
now. Therefore, besides of the AME2020, we will also use the
binding energies obtained from WS4 to calculate the «-cluster
preformation factors, especially for nuclei without experimen-
tal data.

B. Density-dependent cluster model

The light «-cluster emitters are mainly located in the
medium-mass region, where the nuclei usually involve de-
formations. Within the framework of DDCM including the
nuclear deformation effect, the total «-core interaction can be
written as the summation of nuclear, Coulomb, and centrifugal
potentials [33-38]:

n? Z(Z +1

ViR, B) = V(R B) +Vc(R. B) + - —5

. (13)
where R is the distance between the mass center of the o
cluster and that of the daughter nucleus. The parameter 8 is
the orientation angle of the « cluster with respect to the sym-
metry axis of the daughter nucleus. The nuclear and Coulomb

potentials can be obtained from the double-folding procedure
[66-68]

Vy(R, B) = A / dr1drap (r)oa(r)e(s ) (14)

2
Ve(R, B) = /drlerplp(rl)%pr(rZ)v (15)

where the quantity s = |R + 1, —r;| is the distance be-
tween a nucleon in the o cluster and one in the daugh-

ter nucleus. The function g(s, &) = 799964; 2134¢ 255‘
276(1 — 0.005¢)8(s) with ¢ = Q/A; is the M3Y effectlve
nucleon-nucleon (NN) interaction [66—68]. The quantity QO
is the o-decay energy and A; = 4 is the mass number of the
a cluster. The quantities p;(ry) and p;,(r;) are, respectively,
the total and proton density distributions of the « cluster
with the standard Gaussian form from electron scattering
[67,68]: p1(r1) = 0.4229 exp (—0.70241"%). Similarly, p,(r;)
and p,,(r,) are the total and proton density distributions of the
daughter nucleus, respectively. Considering the deformation
of the daughter nucleus, the density distribution p,(r;) within
the two-parameter Fermi form can be written as [33-35]

£20
1 +exp [—”_5«’)] ’

where pp is a normalization factor by integrating the to-
tal density distribution equal to the mass number A, of the
daughter nucleus. The half-density radius R(6) is given as
R(0) = Ro[1 + B2Y20(0) + BaYso(0)], where B, and B, are
the quadrupole and hexadecapole deformation parameters,
respectively. Their values can be obtained from the nuclear
deformation table [64]. The parameter Ry = 1. 07A1/ 3

p2(r2,0) = (16)

and the diffuseness parameter a = 0.54 fm are taken from
Refs. [69-71].

The parameter A in Eq. (14) is the strength of the nuclear
potential, which can be determined by employing the Bohr-
Sommerfeld quantization condition [10,25-27]

1 T rR(B) 2#«
= / / \/—2|VT(R, B) — Ol sin BdRd B
2Jo Jrapy VR

= (G—E+1)%, (17

where R;(8), Ry(B), and the following R3(B) are the three
classical turning points, respectively, which are obtained from
Vr(R, B) = Q. The global quantum number G in Eq. (17) is
given by [25]

G=22 (N>126), G=20 (82 <N < 126),
G=18 (N <82). (18)
After determining the strength parameter A, the total interac-

tion in Eq. (13) can be obtained. Then the angle-dependent
a-cluster penetration probability can be calculated by [33-35]

R3(B)
Pg =exp |: /
Ry (B)

The total penetration probability Py can be obtained by aver-
aging Py in all directions as Pr = % f0” Pg sin BdB. By using
the two-potential approach [28], the «-decay width can be
calculated by [33-35]

|VT(R B)— QIdR] 19)

r PFEZI/HP in Bd B (20)
=P, F—— sin ,
auzly *F

where P, is the a-cluster preformation factor and F is a
normalization factor, which is well defined by the TPA [28].
If the value of the latter is close to unity, it describes a good
quasiclassical bound-state approximation for o decay. It can
be obtained similarly by averaging along different orienta-
tion angles as F' = % o Fpsin BdB [33-35], where Fj is the
angle-dependent factor and can be calculated by [28]

0
g ;
R 2, /55 Ve (R, ﬁ)—Ql

In this work, the values of the normalization factor are in the
range of 0.82—0.89, indicating the reliability of present calcu-
lations. Consequently, we can obtain the «-decay half-life by
the well-known relation to the decay width 77, = hln2/T".

ey

III. RESULTS AND DISCUSSION

In Table I, we list the calculated -cluster preformation fac-
tors P, and decay half-lives of the light parent nuclei around
the two newly observed emitters '°Xe and '%Te. Shown in
the sixth and seventh columns of Table I are the preformation
factors calculated by the binding energies obtained from the
mass tables AME2020 [56-58] and WS4 [65], respectively.
To check the validity of the WS4 results, we calculate the
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TABLE L. Calculated values of a-cluster preformation factors P, and decay half-lives Ty, of light parent nuclei around '°*Xe and '*Te.
The preformation factors calculated by the binding energies obtained from the AME2020 [56-58] and WS4 [65] mass tables are both presented.
The experimental data of the a-decay energies Q, and half-lives T are also taken from AME2020. The deformation parameters 8, and 4
are taken from the nuclear deformation table [64]. The decay energies and half-lives of the two newly observed emitters '®Xe and *Te are

taken from the recent ANL experimental paper [54].

Emitter Qot (MeV) 14 .82 ,34 PD‘?ME P(:VS4 A T;:xpt, (S) 7::3ch (S)
Even-even

104 5.100 0 0.000 0.000 / 0.305 0.729 <4.000 x 107° 5.387 x 1078
106 4.290 0 0.000 0.000 0.247 0.261 0.725 7.800 x 1073 1.006 x 10~
108 3.420 0 0.000 0.000 0.255 0.265 0.721 4.286 x 10° 5.100 x 10°
10 2.699 0 0.000 0.000 0.239 0.246 0.717 / 2.101 x 10°
108%e 4.600 0 0.000 0.000 / 0.332 0.721 7.200 x 1073 4283 x 107°
10y 3.872 0 0.119 0.066 0.258 0.279 0.719 1.453 x 107! 1.393 x 107!
12xe 3.330 0 0.139 0.056 0.276 0.254 0.715 2.250 x 10? 3.440 x 10?
4B, 3.592 0 0.173 0.063 0.271 0.255 0.714 5.111 x 10! 1.049 x 102
Even-odd

105 5.069 2 —0.011 0.000 / 0.173 0.751 6.330 x 1077 2.397 x 1077
107 4.010 2 0.000 0.000 0.109 0.150 0.748 4.600 x 1073 7.915 x 1073
109 3.198 0 0.000 0.000 0.128 0.148 0.718 1.128 x 10? 2911 x 102
109%e 4217 2 0.086 0.051 Va 0.190 0.747 1.300 x 1072 7.523 x 1073
xe 3.710 2 0.128 0.068 0.106 0.156 0.742 7.115 x 10° 4.097 x 10°
13Xe 3.087 0 0.139 0.044 0.137 0.137 0.712 / 4.131 x 10*
Odd-even

1091 3.918 2 0.086 0.051 0.130 0.173 0.744 6.629 x 107! 7.094 x 1072
iy 3.275 0 0.117 0.042 0.135 0.142 0.715 2.841 x 10° 3.429 x 107
131 2.707 0 0.128 0.031 0.138 0.130 0.710 1.994 x 107 1.565 x 107
0dd-odd

1081 4.099 2 0.075 0.051 0.094 0.088 0.748 2.653 x 1072 1.685 x 1072
10y 3.580 2 0.107 0.053 0.070 0.079 0.743 3.906 x 10° 1.273 x 10!
12y 2.957 4 0.117 0.042 0.063 0.057 0.741 2.783 x 10° 3.439 x 10°
12¢g 3.930 0 0.150 0.071 / 0.086 0.715 >1.885 x 107! 7.511 x 107!
4 3.360 0 0.173 0.049 0.065 0.066 0.711 3.167 x 10° 3.350 x 103

x2-test value by

2
o L B )
n & PAME

(22)

between these two sets of preformation factors. The value of
x?*/n is only about 0.004, which indicates that the P)">* values
are in good agreement with the PAME values. Therefore, we
can also expect the reliability of the obtained preformation
factors P)Y5* for those nuclei without experimental energy
data.

As shown in Table I, within the framework of CFM, the
values of the preformation factors are all less than unity.
Moreover, we obtain the typical behavior that the preforma-
tion factors in even-even nuclei (>0.2) are commonly larger
than those in odd-A (even-odd and odd-even) nuclei (0.1-0.2),
and the latter ones are usually larger than those in odd-odd nu-
clei (<0.1). The similar behavior is also obtained in previous
systematical studies on « decays of heavy nuclei [21-27,33—
35]. It is easy to understand this behavior that compared with
even-even nuclei, there exist unpaired nucleons in even-odd
and odd-even nuclei. Due to the Pauli blocking effect, these
unpaired nucleons can result in hindrances to the forma-
tion of « cluster by reducing the amount of « clustering in
the initial wave function. As a result, the overlap for the o

clustering between the initial and final states will be de-
creased, leading to a smaller preformation factor. As for the
odd-odd nuclei, the hindrances from the unpaired proton and
unpaired neutron are much more remarkable, resulting in the
smallest magnitudes of preformation factors. To show more
details, we plot the a-cluster preformation factors P, for
isotopes with proton number Z = 52-55 and isotones with
neutron number N = 54-59 in Figs. 1 and 2, respectively.

As shown in Fig. 1, the preformation factors P, in each
panel with even N are larger than those with odd N, which
is the consequence of the unpaired neutron. Moreover, by
comparing the results between Z = 52, 54 and Z = 53, 55,
we can find that the preformation factors P, for the isotopes
with even Z are also usually larger than those with odd Z,
which indicates that the paired protons contribute to the o
clustering as well. Besides, there is a common feature that for
each isotopic chain, the preformation factor P, is generally
decreased with the increasing neutron number N. This is be-
cause with the neutron number away from the neutron major
shell N = 50, there will be more valence neutrons, leading
to a stronger Pauli blocking effect on the « clustering and a
smaller preformation factor.

Shown in Fig. 2 are the preformation factors for isotones
with neutron number N = 54-59. Similar to the results for
isotopes, in each panel the preformation factors with even Z
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Preformation factor P,
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—
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54 57 60 56 58 60

Neutron Number N

FIG. 1. a-cluster preformation factors P, varied with neutron number N of parent nuclei for different isotopic chains.

are commonly larger than those with odd Z. Compared with
the values between N = 54,56, 58 and N = 55,57, 59, the
similar conclusion can be drawn that the preformation factors
with even N are usually larger than those with odd N. These
two typical features are also due to the Pauli blocking effect
originating from the unpaired nucleons.

By comparing the results in Figs. 1 and 2, we can see an ob-
vious difference between the isotopes and isotones. Opposite
to the isotopes, the preformation factors P, for the isotones
in Fig. 2 are generally increased with the increasing proton
number Z. This difference is also found in previous inves-
tigations for nuclei around 208py, [23,24,35-37]. However, it
is difficult to explain the reason in heavy nuclei because of
the possible configuration mixing of cross-shell excitations
[72,73]. Different from heavy nuclei, the protons and neutrons
in the light a-cluster emitters around '®Sn are expected to
occupy the same orbitals [46]. The main difference between
the protons and neutrons in these light emitters is the charges
carried by protons, which contribute to the « clustering and

result in such opposite behavior for the isotones. In detail,
for each isotonic chain for even Z or odd Z, when there are
additional two paired-protons in the core, the Pauli blocking
effect on the « clustering will become stronger. At the same
time, the Coulomb repulsion effect which contributes to the
«a clustering between the charged o cluster and the core also
becomes stronger. Although the stronger Pauli blocking effect
can further hinder the « clustering, the additional Coulomb
repulsion effect dominates, leading to larger preformation
factors.

Moreover, by comparing the results between even Z and
odd Z for the isotonic chain with N = 57 in Fig. 2, we can
find that if only one proton is added such as from Z = 52 to
Z = 53 and from Z = 54 to Z = 55, the preformation factor
will be decreased. This is because, compared with adding a
pair of protons, the additional unpaired proton can contribute
more to the Pauli blocking effect than to the Coulomb re-
pulsion effect, leading to smaller preformation factors. It is
apparent that when two paired protons are added, such as from

0.5 T T T T T T T T T T T T T T T T T
Qj N=54 N=55 N=56 N=57 N=58 N=59
5 0.4} —&-e¢ven-Z | —=—even-Z | —m—even-Z | —=—even-Z | —m—even-Z | —=—even-Z
51 —e—0dd-Z —e—-0dd-Z —e—o0dd-Z —e—-0dd-Z —eo—0dd-Z
€ 0.3} / + 1 + 1 + .
5 —
—a—=a
E 02l + 4 1 4 + §
°
qg -/. 4 m
S 0.1} T 1 + . 1 + :
a8 o—20
0 |

52

54 56 52 54 56 52 54 56 52 54 56 52 54 56 52 54 56

Proton Number Z

FIG. 2. «-cluster preformation factors P, varied with proton number Z of parent nuclei for different isotonic chains.
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logIO(Texpt.)

FIG. 3. Comparison between the calculated «-decay half-lives
and the experiment data.

Z = 52 to Z = 54, the preformation factor will be increased
due to the dominant Coulomb repulsion effect and smaller
Pauli blocking effect.

Furthermore, compared with the results for N = 54, 56, 58
in Fig. 2, it can be seen that the climb of the preformation
factor from Z = 52 to Z = 54 becomes moderate with the
increasing neutron number. This is because, with the same
number of protons, the Coulomb repulsion effect is very
similar but the Pauli blocking effect becomes stronger with
additional neutrons. As a result, the preformation factor gain
becomes smaller. Therefore, the striking feature of the pre-
formation factors for isotonic chains is the consequence of
the competition between the Pauli blocking and Coulomb
repulsion effects. The specific mechanism for this striking
feature is of particular interest to be further microscopically
investigated in the future.

With above-obtained preformation factors , we fur-
ther calculate the decay half-lives of these light emitters
within the framework of the DDCM. In the last two columns
of Table I, we present the experimental and theoretical a-
decay half-lives for these light emitters, respectively. It can
be seen that the magnitudes of the calculated decay half-
lives are consistent with the experimental data. In Fig. 3,
we plot the relation between the theoretical and experimen-
tal half-lives. It is obvious that all the points are very close
to the Teae. = Texpr. line, which indicates that our theoretical

WS4
F o

B Topr [54]1 ™ T [55]
" Teac [45]  ® Ty (present)
| |
l.
" I
10476 108x¢e

FIG. 4. Comparison of the theoretical and experimental half-
lives for '%®Xe and '™ Te.

half-lives agree with the experimental data. This fact also
indicates the validity of the calculated o-cluster preformation
factors.

In Table II, we present the calculated decay half-lives
for the two newly observed emitters '%®Xe and '%Te. The
experimental decay energies Q, are taken from the recent
experimental paper [54]. For '%Xe, the experimental half-life
is measured as Texp, = 58f£6 us, while only an upper limit
Texp. < 18 ns can be concluded for 104Te [54]. A subsequent
experiment also searched these two decays and the half-life
Toxpr. = 30737 s is deduced for '®Xe. The corresponding

data for '™Te would lead to a smaller one Texpr. < 4 ns and
further experiments are suggested for conclusive measure-
ments [55]. In the newly updated mass table AME2020 [56],
the half-life Texp, = 72 & 35 s is adopted for '®*Xe by av-
eraging the above two experimental data. In a recent work,
the relativistic energy density functional is used to study the
properties of these two new emitters [45] and their half-lives
are calculated to be T¢y . = 50 us for 108%e and Toye = 197 ns
for '%Te, respectively. In the present work, by including the
error bars of the experimental decay energies Q,, the cal-

culated decay half-lives are Teye. = 43725 s for '%Xe and

Teate. = 544_'3_%9 ns for '%Te. Shown in Fig. 4 is the comparison
of the theoretical and experimental decay half-lives for the
two newly observed emitters. It can be clearly seen from
Fig. 4 that the two theoretical calculations for '%Xe are in
good agreement with the experimental data, while both the

TABLE II. Calculated decay half-lives for the two newly observed emitters '°Xe and '*Te by including the error bars of the experimental

decay energies Q,.

Emitter Qa Texpt, Tcalc. Tcalc. (present)
108%e 4.6 £ 0.2 MeV [54] 58719 us [54] 50 ps [45] 431287 g
30137 us [55]
72 £ 35 ps [56]
104 5.14 0.2 MeV [54] <18 ns [54] 197 ns [45] 5412 ns
<4 ns [55]
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theoretical and experimental results for 'Te still retain large
uncertainty. By including the error bar of the experimental
decay energy Q, for '%Te, the calculated decay half-life in
present work is comparable with the experimental data. In the
future, more investigations can be further conducted for the
a-decay properties of these light emitters in both theoretical
and experimental sides, especially for the new emitter '*Te.

IV. SUMMARY

In this paper, we investigate the «-decay properties of light
nuclei around the two newly observed self-conjugate emitters
108X e and 'Te. By using the cluster-formation model (CFM),
we systematically calculate the o-cluster preformation factors
P, of these light emitters. Both the experimental nuclear bind-
ing energies from AME2020 and theoretical energies from
WS4 mass table are employed to calculate the preformation
factors. The obtained preformation factors for WS4 agree very
well with those for AME2020, which validates the calculated
preformation factors for some special emitters such as the two
new emitters.

From the calculations we find the typical behaviors of the
preformation factors: due to the Pauli blocking effect, the
preformation factors P, for even-even nuclei are commonly
larger than those for odd-A (even-odd and odd-even) nuclei,
and the latter ones are generally larger than those for odd-odd
nuclei. Besides, by comparing the results among different
isotopic chains, we find that the preformation factors with
even proton numbers are generally larger than those with odd
proton numbers, which is also the result of the Pauli blocking
effect. Similarly, for each isotopic chain, the preformation

factors with even neutron numbers are generally larger than
those with odd neutron numbers. These two behaviors are
also found from the results for isotonic chains. Furthermore,
from the calculations we find opposite features between iso-
topes and isotones. Because of the Pauli blocking effect for
each isotopic chain, the preformation factors are generally de-
creased with the increasing neutron number. On the contrary,
the preformation factors for each isotonic chain are generally
increased with the increasing proton number, which is due to
the competition of the Pauli blocking and Coulomb repulsion
effects. By comparing the results for different isotonic chains,
we find that the preformation factor gains become moderate,
which also indicates the competition of above two effects for
the striking opposite behavior.

With these obtained preformation factors, the decay half-
lives of these light emitters are further calculated within the
density-dependent cluster model (DDCM). The theoretical
calculations are consistent with the experimental data. In par-
ticular, we compare the theoretical and experimental half-lives
for the two new self-conjugate emitters '°Xe and '*Te. For
108X e, the theoretical calculations are in good agreement with
the experimental data. By including the error bar of the ex-
perimental decay energy, the calculated decay half-life for
104Te in present work is comparable with the experimental
data.
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