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Modeling survival probabilities of superheavy nuclei at high excitation energies
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This work investigated the first-chance survival probabilities of highly excited compound superheavy nuclei
in the prospect of synthesizing new superheavy elements. The main feature of our modelings is the adoption
of microscopic temperature dependent fission barriers in calculations of fission rates. A simple derivation is
demonstrated to elucidate the connection between the Bohr-Wheeler statistical model and the imaginary free
energy method, obtaining a new formula for fission rates. Various models are examined to reproduce the
experimental fission probability of 2'°Po. Systematic studies of fission and survival probabilities of No, FlI,
Og, and Z = 120 compound nuclei are performed. Results show that Z = 120 compound nuclei still have
considerable first-chance survival probabilities at high excitations, which are very similar to that of Fl and Og

nuclei.

DOLI: 10.1103/PhysRevC.106.014608

I. INTRODUCTION

To synthesize the heaviest elements is one of the major
science problems [1,2]. To date, superheavy elements Z =
107-113 [3-9] have been synthesized in cold fusion reactions
with the target Pb or Bi, and Z = 114-118 [10-14] have
been synthesized in hot fusion reactions with the projectile
#Ca. The seventh row of the periodic table of elements
has been completed. In order to produce superheavy ele-
ments in the eighth row, experimental attempts to synthesize
Z =119 and 120 were performed in laboratories using re-
actions such as °%Fe+2*Pu [15] at JINR, 'V +2®Cm
[16] at RIKEN, and ®Ni+ 238y, °Ti + 4Bk, °Ti + 24 Cf,
Cr+28Cm [17-19] at GSI, but no evidence of new ele-
ments was observed. Currently, the measured sensitivity of
cross sections has reached 65 fb for searching the next super-
heavy element [18]. The main issue is to design the optimal
combination of beam-target nuclei and the bombarding en-
ergy. In this context, reliable theoretical guidance would be
valuable for such extremely difficult experiments.

Theoretically, the synthesis process of superheavy nuclei
can be described as the capture-fusion-evaporation reaction.
In this procedure the residue cross section is written as [20]

OER = O'(:apPCN‘/Vsur» (1)

which depends on the capture cross-section ocqp, the fu-
sion probability Pcny to compound nuclei, and the survival
probability W, of excited compound nuclei. The survival
probabilities of compound nuclei are determined by the com-
petition between the neutron emission rates and fission rates.
There are many models that have been developed to predict
the synthesis of superheavy nuclei [21-26]. The combined
modelings of three steps can result in large uncertainties. In
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particular, the surprisingly large cross sections of hot fusion
reactions indicate that microscopic calculations of survival
probabilities are essential [27-29]. Thus reliable modelings
of survival probabilities are important since such experimental
constraints in the superheavy region are rare.

Conventionally, the statistical models have been widely
used for calculations of survival probabilities of compound
nuclei [30-32]. The statistical models can be traced back to
Weisskopf’s work for particle evaporations in 1937 [33] and
Bohr-Wheeler’s work for fission rates in 1939 [34]. The Bohr-
Wheeler statistical model is based on the classical transition
state theory, which relies on fission barriers and level densi-
ties. Actually, the fission barriers and level density parameters
could be dependent on temperatures (or excitation energies),
nuclear deformations, and shell structures. Consequently, sta-
tistical models have to adopt parametrized energy dependent
corrections to fission barriers and level density parameters
[35]. In the standard statistical model, the fission barrier is en-
ergy independent. However, energy dependent fission barriers
are necessary to obtain reasonable fission observables such as
survival probabilities [36] and fission product yields [37].

The thermal fission rates can also be calculated by the
dynamical Kramers model [38] and the imaginary free en-
ergy approach (ImF) [39]. ImF can, in principle, describe
the fission rates from low to high excitation energies in the
quantum statistical framework. The fission barrier heights and
the curvatures around the equilibrium point and the saddle
point are essential inputs for the Kramers and ImF methods
[40]. This can also be microscopically estimated but has rarely
been discussed. Strutinsky pointed out a systematic difference
between the Karmers model and the Bohr-Wheeler model
[41,42]. It is interesting to elucidate the connections between
the Bohr-Wheeler, Kramers, and ImF models.

In this work, our main goal is to study the survival prob-
abilities of superheavy compound nuclei in the microscopic
framework based on the finite-temperature Skyrme-Hartree-
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Fock+BCS approach [43]. The fission barriers are given in
terms of free energies and are energy dependent. Then the
fission rates are obtained with ImF [39,40], the Bohr-Wheeler
model [34], and the Kramers model [38]. The neutron evapo-
ration rates can be obtained by the standard statistical model.
For comparison, neutron evaporation rates are also estimated
by the density of neutron gases around nuclear surfaces [44].
The connections among three fission models are discussed. To
benchmark different models, the fission probabilities of 2!°Po
up to high excitations are studied before being extrapolated to
the superheavy region.

II. THEORETICAL FRAMEWORK

A. Finite-temperature Hartree-Fock+BCS calculations

In this work, the fission barriers are calculated with
Skyrme-Hartree-Fock+BCS at finite temperatures (FT-BCS)
[43]. Previously we have studied the fission barriers with the
finite-temperature Hartree-Fock-Bogoliubov method [28,45],
which is computationally more expensive. For systematic
calculations, FT-BCS calculations are performed with the
SkyAX solver in cylindrical coordinate spaces [46]. The
Skyrme interaction SkM* [47] and the mixed pairing interac-
tion [48] are used. Note that SkM* was developed particularly
for descriptions of fission barriers.

In FT-BCS, the normal density p and the pairing density p
at a finite temperature are modified as [43]

pr(r) =Y [ fi+ v} = f)]idi(n> )

pr(r) =Y uvi(1 = 2£)\i(r)> 3)

where f; = 1/(1 + e5/¥T") (KT is the temperature in MeV) is
the temperature dependent factor; E; is the quasiparticle en-
ergy; k is the Boltzmann constant. The entropy S is evaluated
as

S=—kY [filnfi+ (1= f)In(l = f)]. )

The temperature dependent fission barriers are calculated in
terms of the free energy F = Ey — T'S, where E7 is the in-
trinsic binding energy based on the temperature-dependent
densities.

For realistic calculations, we also need mass parameters
which are obtained by the Cranking formula [49]. At a finite
temperature, the resulting mass parameters have significant
fluctuations as a function of deformations [40]. However,
the mass parameters extracted from microscopic dynamical
calculations are not much dependent on excitation energies
[50,51]. Therefore we adopt the mass parameters at zero tem-
perature in all calculations.

It has been demonstrated that uniform neutron-gas density
distributions can be obtained in coordinate-space FT-HFB
calculations [28,44]. This also appears in coordinate-space
FT-BCS calculations. With the uniform neutron gas density
Ngas, the neutron emission width T, is given by the nucleosyn-
thesis formula [52]

1-‘n = Fll’lgas<0'l)), (5)

where o is the neutron capture cross section and estimated
by the geometric area mR?. (v) is the average velocity of the
external gas. This method does not involve level densities, see
details in Ref. [44].

B. Imaginary free energy method

The imaginary free energy method (ImF) can, in principle,
describe a system’s metastability from quantum tunneling at
low temperatures to statistical decays at high temperatures
in a consistent framework [39]. In ImF, the fission barrier is
naturally given by temperature dependent free energies. This
method has been previously used to evaluate fission rates of
compound nuclei [40]. At low temperatures, the ImF formula
for the fission width from excited systems is given as [39]

I 1 Ve
=2 57
Z()27TFZ 0

-1
Zy = |:2 sinh (%ﬂhwo)] )

where wy is the curvature or frequency around the equilibrium
point at the potential valley; V}, is the barrier height; Z; is
the partition function; B denotes 1/kT; P(E) is the barrier
transmission probability.

For the fission probability at high temperatures, the contri-
bution is dominated by reflections above the barriers. In this
case, the transmission probability P(E) can be estimated by

P(E) = {1 +exp[27(E — V3,)/hawp]} . (7

P(E)exp(—BE)dE,
(6)

Then the fission width at high temperatures can be written as
[39]

wy sinh(} Bliwy)

~ 27 sin(1hay) exp(=AV). ®

f
where wy, is the curvature at the saddle point of the barrier. The
curvatures wgy and wp can be calculated with the microscopic
temperature dependent fission barriers and the mass param-
eters, as discussed in Ref. [40]. There is a narrow transition
in ImF formulas from low to high temperatures, which is
dependent on the critical temperature fiwy /27 [39]. The ImF
method has been widely applied in chemical reactions in a
thermal bath. In nuclear fission studies, ImF shows that the
fission lifetime decreases very rapidly at low excitations and
decreases slowly at high excitations [40]. With temperature
dependent fission barriers, it is a success for ImF' to reveal
that the compound nucleus >’*Cn in the cold fusion can not
survive at high excitations while 2°2Fl in the hot fusion still has
a considerable survival probability at high excitations [40].

C. Bohr-Wheeler statistical model

The Bohr-Wheeler statistical model has widely been used
to calculate the survival probabilities of superheavy nuclei
[30,31]. This is also known as the transition state theory and is
based on the microcanonical ensemble. The width of neutron
evaporation is given by [33]

2mR? E=S,

M(E)= ———
) i po(E) Jo

enpo(E — Sy — &x)de,.  (9)
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Here, m is the neutron mass, R is the radius of the compound
nucleus, S, is the neutron separation energy, and po(E) is the
level density at the equilibrium deformation.

The fission width can be calculated with the Bohr-Wheeler
formula as [34]

1 E-V,
MNE)= —— (E —V, —e)Ts(er)des,
F(E) 2np0(E)/0 ps( b —ep)Ty(er)dey

(10)
where p,(E) is the level density at the saddle point, and Ty (&)
is the barrier transmission probability,

Ti(er) = _ 2mey -
fé‘f)— 1+6Xp 7 . (11)

Wsd

Usually hwy, is taken as 2.2 MeV in empirical calculations as
mentioned in Ref. [32].

The level density is calculated with the Fermi-gas model as
(53]

/7 exp(2/aE)

12al/4E5/4 ’

where a is the level density parameter taken as the usual
a = A/12 MeV, the level density parameter at the saddle point
is taken as a;; = 1.1a. Note that there are modified formulas
of energy dependent level densities [35], and associated pa-
rameters are dependent on the nuclear region.

p(E) = 12)

D. Connection between Bohr-Wheeler model and ImF

It is interesting to study the connections between the Bohr-
Wheeler model and the ImF method for fission rates and
survival probabilities of compound nuclei. By Combining
Egs. (6) and (7), the fission width is given as

FlmF —

! 1
X —BE)dE,
0 /Znﬁl+exp(_M)exp( BE)

hwb

-1
_ [2 sinh (%ﬁﬁwo)} , (13)

where Vb is the fission barrier height. If we use

sinh(x) = ® and define x = E — V, then Eq. (13) can be
written as
m a)oh 1 X
()
2nhT 1 +exp ( ﬁwh) T
Vi
X exp (—%) dx. (14)

For the level density in statistical models, In p(E) is a
smooth curve in terms of E. When AE is small, we have

dln,o(E)]AE.

1B (15)

In p(E + AE) = In p(E) + [

. 1
Since T

we have

= [dln p(E >] is defined by the evaporation model, so

AE
P(E + AE) = p(E)exp <7> (16)

where T is the nuclear temperature. By combining Egs. (10),

(11), and (16), we can get
S(E =V, k
'0‘(—[’2)”]( exp <——> dk.
I+exp (= 5) T
(17)

By comparing Eqs. (14) and (17), the connection between the
Bohr-Wheeler model and the ImF method is

T py(E -V v
rav = TAE=W) (Ve Tt (18)
' @y po(E) T

Since the two modelings have different advantages and
disadvantages, we now obtain a new formula to calculate the
fission width:

E-V,
BW 1 ’

T 2mpo(E)

ps(E = Vp) T sinh(3Bhawx)
Iy = — . 19)

po(E)  2mwy sin(;phwy)
This formula is close to the Bohr-Wheeler model. In this case,
the formula includes the temperature dependent fission barrier
heights in p,; and also the influence of the microcanonical
statistics. This formula avoids doing integral in statistical cal-
culations of fission rates. It has been pointed out that there is
a difference between the Bohr-Wheeler fission model and the
Kramers model by a factor wy/T [42], then we have another

new formula for fission rates:

@0 ~Bw

T

_ s(E = V;) wp sinh(3 Blicy)
~ po(E) 27 sin(Bhawy)

This formula includes wy/T, being consistent with ImF' and
the Kramers model at high temperatures [38]. At very high
excitations, the barrier height V, is small compared to the
excitation energy E. By using the relation in Egs. (16) and
(12), then Eq. (18) becomes

BW — T expl 2«/_(\/T Va)) FImF
T (asa/a)'/*
If we assume the level density parameters a,; = a at the limit

of extremely high excitations, which means quantum shell
effects are completely lost, then we have

r 2=
(20)

ey

T
BW ImF
If = —1I f o (22)

It demonstrates that results of the Bohr-Wheeler model of the
microcanonical ensemble are close to those of ImF in a heat
bath at extremely high temperatures, except for the prefactor
T /wy. Note that ImF is also close to the Kramers model at
high temperatures [39].

III. RESULTS AND DISCUSSIONS

First, we calculate the fission probabilities of 2'°Po to
benchmark various models. 2!°Po has accurate experimental
energy dependent fission probabilities [54]. Figure 1 shows
the calculated fission widths with different modelings. In
these calculations, the energy dependent fission barriers are
adopted, which are taken from microscopic finite-temperature

014608-3



C. Y. QIAO AND J. C. PEI

PHYSICAL REVIEW C 106, 014608 (2022)

102
107 E
10 F
10°F
10°F
107 E
108 E
10°F
10-10._
10-11_
10-12 i T B S S S SN S B

20 25 30 35 40 45 50 55 60 65

E (MeV)

r; (MeV)

—a—r2"
—e— const-B;
—A—Ty
——TI,

FIG. 1. Calculated fission widths I'; of 219pg as a function of
excitation energies E* with different models. The energy dependent
fission barriers are used except for const-B ; within the Bohr-Wheeler
model. 'Y, T'fy, Ty, [ are obtained with Eqgs. (10), (19), (20),
(6), respectively.

Hartree-Fock+-BCS calculations. We can see that the fission
widths calculated with the Bohr-Wheeler model, the formula
Ir1 [Eq. (19)], and the formula I'r, [Eq. (20)] are close. This
verified the correctness of Eqgs. (19) and (20). In this case, the
role of the factor wy/T is not significant. The results calcu-
lated by ImF are also shown, which are very different from the
Bohr-Wheeler results. For example, the ratio difference esti-
mated by Eq. (21) is 26.3 at 65 MeV if we assume a,y = 1.1a.
This explained that the significant differences between the
Bohr-Wheeler model and ImF' are due to the different level
density parameters between the saddle point and the equilib-
rium point. Note that in the original Bohr-Wheeler model, the
fission barrier is energy independent. We also did calculations
with a constant fission barrier height of 19.59 MeV with the
Bohr-Wheeler model. We can see that the fission widths with
constant fission barriers are much smaller at high excitations.
The large discrepancy in fission widths, by using energy-
dependent and energy-independent fission barriers, has also
been shown in Ref. [55]. This demonstrated the essential role
of energy dependent fission barriers in calculations of fission
rates.

To compare with the experimental fission probabilities
I'4/Tor of !°Po, the neutron evaporation widths have to be
calculated. The neutron evaporation widths can be calculated
by the standard statistical model [Eq. (9)] or by the micro-
scopic neutron gas model [Eq. (5)]. In both calculations, the
same nuclear radius R is used for the neutron-reaction cross
section wR?. The calculated fission probabilities are shown
in Fig. 2. The experimental I' /Ty of 210pg are taken from
proton and « induced fission reactions [54]. It can be seen that
all the calculations can reproduce the experimental data. Fig-
ure 2(a) shows that the neutron gas model leads to a slightly
larger fission probability or a smaller survival probability at

T () =3

107k Tl +r, %) 1 (s )
—— Tp/(Tp*T, %) —— T /(T,+T,BY)
10-8 L e FfBW/(FfBW"‘FnBW) ....6 . l_fBW/(l_fBW_'_FnBW)--
10°fe ° P Ie * o ]
20 30 40 50 60 20 30 40 50 60
E" (MeV) E" (MeV)

FIG. 2. The results of I'y /", as a function of E* for 210pg,
Experimental data are taken from Ref. [54]. Different fission widths
and neutron emission widths are adopted. See text for details.

high excitations. The factor wy/T included in Iy, results in
slightly reduced fission probabilities at high excitations. Other
calculations with ImF or constant fission barriers cannot re-
produce the experimental data and are not shown.

Next we study the fission and survival probabilities of
superheavy compound nuclei with the modelings that can
reproduce the fission probabilities of 2!°Po. In this work, four
elements No, Fl, Og, and Z = 120 are selected for study. The
fission barrier heights as a function of excitation energy E* are
shown in Fig. 3. We see that Z = 120 isotopes have consider-
able fission barriers even at high excitations. For 2*%3%4120
isotopes, the barrier heights are not sensitive to the neutron
numbers. On the other hand, the barrier heights are much
more dependent on neutron numbers for 2%-2*Fl isotopes.
For Fl and Og isotopes, more neutrons result in enhanced
fission barriers. Note that the microscopic energy dependence

V, (MeV)

V, (MeV)

0 10

20 30 40 50 60 O
E" (MeV)

10 20 30 40 50 60
E (MeV)

FIG. 3. Calculated fission barrier heights of No (a), F1 (b), Og (¢),
Z = 120 (d) isotopes are shown as a function of excitation energies.
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FIG. 4. Calculated curvatures around the equilibrium point (wp)
and the barrier saddle point (w;) as a function of excitation energy,
for No (a), F1 (b), Og (¢), and Z = 120 (d) isotopes.

of fission barriers of superheavy nuclei can be very different
from empirical models.

In addition to fission barrier heights, the curvatures of
fission barriers also play an important role in calculations of
fission rates. Figure 4 displays the calculated energy depen-
dent curvatures wp and wy, corresponding to the equilibrium
point and the saddle point, respectively. Generally, wy and w,
decrease with increasing excitation energies, which leads to
reduced fission rates. For No isotopes, wy is larger than wy.
For Fl, Og, and Z = 120 isotopes, wy is very small, which
means the fission valley is flat. Actually the ground state de-
formations of these nuclei are slightly oblate. The very small
wo can greatly enhance the stabilities of these nuclei against
fission at high excitations.

Finally the first-chance survival probabilities ', /T of
superheavy compound nuclei are calculated, as shown in
Fig. 5. Different modelings for the survival probabilities:

Fsﬂx FBW F%dx r’ll?W
Ri =i e &=
l-BW
and R5 = W,
gll(i)ngs all are good for descriptions of fission probabilities of

Po.

In Fig. 5(a)-5(d), T,,/Tyo results for 2>+26:238.2600N¢ are
shown. For 2*No, results from different approaches are close.
The discrepancies between different modelings increase with
increasing neutron numbers. We see that R; and Rj are close,
and R, and R4 are close. This means that for No isotopes,
the role of wy/T is not significant. At high excitations, R,
(and Ry) is slightly larger than R3 (and R4) due to reduced
wo/T, while it is on the contrary at low excitations. With the
same fission widths, the survival probabilities with T's" are
obviously smaller than those with the statistical model at high
excitations. At low excitations, the survival probabilities with
5™ are larger.

Figure 5(e)-5(h) displays the survival probabilities of
288,290,292,294 ) isotopes. For 288F] the fission barriers are

2 = F,I,gwri"r/z’ 3 =

are adopted for comparison. These mod-

lower than others, as shown in Fig. 3. Its survival probabilities
are much smaller than 1.0 at low excitations, and then discrep-
ancies are large. For 2>?%*F1 with higher fission barriers, the
first-chance survival probabilities all are close to 1.0 at low
excitations. In experiments, the compound nuclei 2°*>°?Fl are
produced in the hot fusion of BCa 4 2422%py [10]. Gener-
ally the survival probabilities increase with increasing neutron
numbers for Fl isotopes. Different from No isotopes, we see
that with the same neutron evaporation width, the survival
probabilities with Iy, are considerably larger than those with
["¢1. This is because wo /T is very small for Fl isotopes at high
excitations, which can significantly reduce fission widths.
With the same fission widths, the survival probabilities with
'Y are much larger than those with I';*" at high excitations.
For Fl isotopes, R4 and Rs are in the middle between different
modelings, while they are among the largest for No isotopes.

The survival probabilities of 274296:298:300(Qg isotopes are
shown in Fig. 5(1)-5(1). For Z = 120 isotopes, the results are
shown in Fig. 5(m)-5(p). Note that the compound nucleus
270g is produced in the hot fusion of *3Ca 4 2*°Cf [14]. The
compound nuclei in synthesizing element 120 are 232120 in
attempted experiments [15,17-19]. The patterns of calculated
survival probabilities of Z = 120 isotopes are very similar to
those of 2**?#Fl and Og isotopes. The combination of T'2W
and T'y, leads to the largest survival probabilities. Indeed,
the factors wy/T are very small for Fl, Og, and Z = 120
isotopes at high excitations. The role of wy/T can be traced
back to the dynamical Kramers model and is usually ignored
in the Bohr-Wheeler model. In all cases, R4 is close to Rs,
which verified the correctness of the new formula. Note that
the Bohr-Wheeler model results in very large fission widths
about 1-2MeV at high excitations in the superheavy region.
Actually nuclear fission becomes very dissipative at high ex-
citations [51]. If the fission width is about 1-2 MeV by the
statistical model, then the later part of the fission from the
saddle to the scission is not negligible at high excitations in
real-time fission dynamics [56]. The statistical model also re-
sults in much larger neutron emission widths than the neutron
gas model. We speculate that the same level density model
used in both fission and neutron evaporation widths can have
some offset effects.

Current calculations still invoke the phenomenological
level densities, while employ the microscopic energy depen-
dent fission barriers. The level density is essential for the
microcanonical ensemble. Our results demonstrated that it is
necessary to take into account the different level density pa-
rameters between the equilibrium point and the saddle point.
Previously the deformation and energy dependent level den-
sity parameters could be obtained by calculating S/2T, or
E/T?, or §? /AE [29]. However, with these level densities, the
fission probabilities of 2'°Po cannot be well reproduced. With
the current level densities and statistical models, the fission
widths of superheavy nuclei would be as large as 1-2 MeV
at high excitations, which is questionable. The reliable cal-
culation of energy and deformation dependent level densities
is another challenge [57]. Among different modelings, the
neutron gas model always results in the lower limits of sur-
vival probabilities, which is also shown in 210pg In addition,
the role of microscopically calculated curvatures is important
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FIG. 5. Calculated first-chance survival probabilities I',/T",y of No, Fl, Og, and Z = 120 isotopes with various modelings. Results of
254.256.238.2600N g are shown from (a) to (d); 288,290.292.294F| are shown from (e) to (d); 294’2%‘298’300Og are shown from (i) to (1); 298,300,302,304 1 5 ()
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n
4Ty,
for comparison.

in the superheavy region. Therefore, the optimistic modeling
given by Ry = 'V /(s + '8V should be more suitable,
although the discrepancies between different modelings are
large. Based on R; estimations, Fl and Og compound nuclei
still have considerable survival probabilities at high excita-
tions, which are crucial for the success of hot fusion reactions.

Since F1, Og, and Z = 120 nuclei have similar considerable
survival probabilities, the nonobservation of Z = 119 and 120
elements could be due to the reduced fusion probabilities of
compound nuclei. In fact, the fusion probability using the
0Ti projectile could be reduced by a factor of 5 compared to
#8Ca [18]. For element 119, the compound nucleus is 2°119
with an even number of neutrons [18], which is less favor-
able for the first-chance stability compared to the compound
nucleus *’Og with odd neutrons [14]. For the element 120,
the cross section sensitivity has reached 200 fb [18], which
is still not enough, considering the residue cross section of

W4Ty

_ I} _ I _ v
R; = R R, = VT and Rs = T are shown

240g is 0.3-0.5pb [14]. For realistic calculations to guide
experiments, the survival probabilities after multiple neutron
emissions and the fusion reaction mechanism have to be stud-
ied in the future.

IV. SUMMARY

In summary, we studied the first-chance survival probabili-
ties of heavy and superheavy nuclei at high excitations with
microscopic temperature dependent fission barriers. There
have been several experimental attempts to synthesize new
superheavy elements Z = 119 and 120. Thus it is of interest to
investigate various theoretical modelings of fission rates and
survival probabilities. With a simple derivation, we demon-
strated the relation between the Bohr-Wheeler model and the
imaginary free energy method. The combination of the Bohr-
Wheeler model and imaginary free energy method results in
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a new formula for fission rates. To verify different model-
ings, the fission probabilities of >!°Po have been reproduced,
demonstrating the essential role of energy dependent fission
barriers. Next we studied the survival probabilities of No, Fl,
Og, and Z = 120 isotopes with these modelings, which have
large discrepancies in the superheavy region. We see that the
curvatures wy of the fission valley are very small for selected
Fl, Og, and Z = 120 nuclei, which can greatly enhance their
survival probabilities, although the role of curvatures is not
significant in 2!°Po. Besides, the microscopic neutron gas
model results in smaller neutron emission widths and reduced
survival probabilities. Therefore, the suitable modeling for
survival probabilities is given by 'V /(I" s, + IT'8W). Actually,
Z = 120 compound nuclei still have considerable first-chance
survival probabilities at high excitations, which are very

similar to those of Fl and Og nuclei. The nonobservation
of Z =119 and 120 elements could be due to the reduced
fusion probabilities of compound nuclei. In the future, for
more realistic modelings, survival probabilities after multiple
neutron emissions will be studied.
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