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Production cross sections of superheavy elements Z = 119 and 120 in hot fusion reactions
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The production cross sections of superheavy nuclei in hot fusion reactions are investigated systematically. In hot
fusion reactions, the capture cross section can be obtained by calculating the weighted average of the transmission
probability for different orientations of deformed colliding nuclei. An analytical formula for calculating the value
of the fusion probability is proposed, which is suitable for both hot and cold fusion reactions. The orientation
effects are considered empirically in calculating the fusion probability. The method proposed in the present
work reproduces the measured evaporation residue (ER) cross sections in hot fusion reactions acceptably well.
The formula also gives reasonable results for fusion probability in cold fusion reactions. Using this method the
evaporation residue cross sections for synthesizing Z = 119 and 120 are predicted. It is found that for hot fusion
reaction’s larger maximal ER cross section of the 4n channel corresponds to lower optimal incident energy.
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I. INTRODUCTION

The synthesis of superheavy elements (SHEs) is an out-
standing research field. In recent decades, much experimental
progress has been made in synthesizing SHEs. The syntheses
of the SHEs with Z � 112 by using cold fusion reactions
based on 208Pb and 209Bi [1] and with Z = 112 to 118 by
hot fusion reactions of 48Ca with actinide targets [2–7] have
been reported. The element Z = 113 was synthesized by the
RIKEN group in the cold fusion reaction 70Zn + 209Bi with a
cross section value equal to some percent of a picobarn [8]. It is
difficult to produce heavier nuclei with Z � 113 in cold fusion
reactions because of the very small production cross sections.
Many theoretical works [9–22] have been done to investigate
the synthesis mechanism of superheavy nuclei (SHN).

The evaporation residue (ER) cross section is very small,
which strongly depends on beam energy and the combination
of projectile and target. Therefore, finding favorable reactions
and the optimal beam energy range are very important for
synthesis of SHEs.

The process of the calculation of the ER cross section can be
divided into three steps. The first step is that the capture barrier
must be overcome and a dinuclear system is formed. The sec-
ond step is two touched nuclei fusing together to a compound
nucleus. Finally, the compound nucleus loses its excitation
energy by the emission of particles and γ rays to reach its
ground state. The ER cross section can be written as [9]

σER = σcapPCNWsur, (1)

where σcap, PCN, and Wsur are capture cross section, fusion
probability to compound nucleus, and survival probability
of the excited compound nucleus, respectively. The capture
cross section is usually calculated by using an empirical
coupled-channel model [10], in which the barrier distribution
function method is introduced. The survival probability Wsur

of the compound nucleus against fission in the de-excitation
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process is considered as one of the crucial factors for
producing SHN, which is often analyzed by using statistical
models. Unlike the first and third steps, the process of the
second step is quite unclear. Many approaches [11–16]
are used to calculate the value of PCN including empirical
formulas [17–19]. The predicted optimal ER cross sections
and corresponding incident energies from different models are
quite different for synthesis of SHEs with Z = 119 and 120.

In this work, the hot fusion reactions for producing SHN
with Z � 112 are studied. The capture cross section can
be obtained by calculating weighted average transmission
probability for different orientations of deformed nuclei. We
study the influence of some physical quantities on fusion
probability and propose a reasonable formula to calculate PCN.
The survival probability of the compound nuclei is described
with the HIVAP code [23,24]. The aim of this paper is to study
the influence of some physical quantities on fusion probability
and to propose a reasonable method to analyze the production
cross sections of SHEs Z = 119 and 120.

The article is organized as follows. In Sec. II, we describe
the way of calculating capture cross section and propose a
formula for calculating the value of PCN. The results and
discussion are presented in Sec. III. We summarize the main
results in Sec. IV.

II. METHOD DESCRIPTION

In fusion reactions involving deformed nuclei, the fusion
barrier distributions are dominated by the deformation effects
[25,26]. In hot fusion reactions, the targets have large prolate
deformation. Therefore, the capture cross section for two
deformed colliding nuclei can be written as

σcap(Ec.m.) = 1

4

∫ π

0
sin θ1 dθ1

∫ π

0
σcap(Ec.m.,θ1,θ2) sin θ2 dθ2.

(2)

where 1 and 2 denote the projectile and target, respectively.
θ1,2 are the angles between the symmetry axis of the deformed
nuclei and the collision axis. Ec.m. is the bombarding energy in
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FIG. 1. Fusionlike shape parametrization for two ellipsoidal
nuclei.

the center-of-mass system. A typical fusionlike configuration
of ellipsoidal target and projectile nuclei can be seen in Fig. 1.
The σcap(Ec.m.,θ1,θ2) can be written as [10]

σcap(Ec.m.,θ1,θ2) = π�
2

2μEc.m.

∑
J

(2J + 1)T (Ec.m.,θ1,θ2,J ).

(3)

Here, the transmission probability is given by

T (Ec.m.,θ1,θ2,J )

= 1

1 + exp
{− 2π

�ω(θ1,θ2,J )

[
Ec.m. − B(θ1,θ2) − �2

2μR2
B(θ1,θ2,J )

]} ,

(4)

where �ω(θ1,θ2,J ) is the width of the parabolic barrier, and
RB(θ1,θ2,J ) defines a position of the barrier.

The nucleus-nucleus interaction potential with
quadrupole deformation in the calculation is taken as the
form

V (r,θ1,θ2) = VN(r,θ1,θ2) + VC(r,θ1,θ2). (5)

The nuclear potential and Coulomb potential are taken as the
forms in Ref. [27], i.e.,

VN(r,θ1,θ2) = −V0

⎧⎨
⎩1 + exp

⎡
⎣

⎛
⎝r −

2∑
i=1

Ri

[
1 + (5/4π )1/2β

(i)
2 P2(cos θi)

]
⎞
⎠a−1

⎤
⎦

⎫⎬
⎭

−1

, (6)

and

VC(r,θ1,θ2)

= Z1Z2e
2

r
+

(
9

20π

)1/2(
Z1Z2e

2

r3

) 2∑
i=1

R2
i β

(i)
2 P2(cos θi)

+
(

3

7π

)(
Z1Z2e

2

r3

) 2∑
i=1

R2
i

[
β

(i)
2 P2(cos θi)

]2
, (7)

where θi is the angle between the symmetry axis of the ith
nucleus and the collision axis as shown in Fig. 1. β

(i)
2 and Ri

are the quadrupole deformation parameter and the radius of
the ith nucleus, respectively. The strength V0 and diffusion
width a of the nuclear potential are set to be 80.0 MeV and
0.70 fm in this work, respectively. The quadrupole deformation
parameter is taken from Ref. [28]. Comparing with the
empirical coupled-channel model introduced in Refs. [10,29],
almost no adjustable parameter is required in this method. The
capture cross section for Ca-induced hot fusion reactions can
be written as

σcap(Ec.m.) = 1

2

∫ π

0
σcap(Ec.m.,θ2) sin θ2 dθ2, (8)

where the orientation effects of only the deformed targets are
considered.

In this work, we concentrate on the phenomenological
relationship between physical quantities and PCN. Accord-
ing to the dinuclear system (DNS) concept, the fusion
probability strongly depends on the mass asymmetry η =
(AT − AP)/(AT + AP). The inner fusion barrier increases with
reducing mass asymmetry, which leads to a decrease of the

formation probability of the compound nucleus. The influence
of entrance channel mass asymmetry η and excitation energy of
the compound nucleus E∗ on fusion probability are relatively
clear in the DNS model [12,30]. The size of the potential pocket
also could influence fusion probability. Figure 2(a) shows
the entrance channel potential for the reaction 48Ca + 238U.
The minimum value of the potential pocket at Rm and RB

denotes the barrier position. The depth of the potential pocket
Bqf is also shown. The solid point on the potential curve
denotes the position when two colliding nuclei come into
contact. The nucleon transfer process usually takes place at
the minimum position of the interaction potential after capture
of the colliding system. In the DNS concept, the size of the
potential pocket, which is determined by quasifission barrier
Bqf and 	R, strongly influences the decay time of the DNS
[31] and fusion probability. The influence of Bqf on fusion
probability has been discussed in many works [19,31–33].
Usually, a deeper potential pocket corresponds to a wider
	R. The larger distance 	R can cause more kinetic energy
dissipating at the quasifission process, which could lower
the quasifission probability. Therefore, in this work we only
concern the value of 	R to describe the size of the potential
pocket. The nucleon collectivization mechanism proposed
in Ref. [10] has a similar opinion that a larger potential
pocket probably results in a higher fusion probability. It is
assumed that when two colliding nuclei touch each other
the number of collectivized nucleons starts increasing until
all nucleons are collectivized and the compound nucleus is
formed. If the capture pocket is large, many quasibound states
exist. Then the coupling to complex states is strong and the
probability of compound nucleus formation is much larger
than for small pockets [34]. Therefore, it is reasonable to
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FIG. 2. (a) Nucleus-nucleus interaction potential of the reaction
48Ca + 238U. The solid circle on the curve denotes the position where
two colliding nuclei touch. The inset is the orientation dependence
of 	R. (b) 	R as a function of charge number of compound nucleus
ZCN. The solid circles and solid squares denote cold and hot fusion
reactions, respectively. The 50Ti induced reactions for synthesizing
SHEs Z = 119 and 120 are also shown.

conclude that a larger potential pocket probably results in a
higher fusion probability. The orientation effects are also quite
important for calculating the fusion probability. Orientation
effects of the fusion probability were investigated in reactions
with deformed nuclei [35–37]. The experimental results show
that the fusion probability is higher at equatorial orientation
(θ1,2 = π/2) because of the more compact configuration.

The inset of Fig. 2(a) shows the orientation effects of
	R for the reaction 48Ca + 238U. One can see that 	R
strongly depends on the orientation of the target. 	R of polar
orientation of 238U (θ2 = 0) is larger than that of the equatorial
orientation (θ2 = π/2). Figure 2(b) shows 	R as a function
of charge number of compound nucleus ZCN. One can see 	R
decreases with the increasing ZCN for both cold and hot fusion
reactions. The 	R is very small for synthesizing elements
Z � 112 in cold fusion reactions while the hot fusion reactions
give larger value of 	R. Therefore, it is very hard to synthesize
the SHEs Z � 112 in cold fusion reactions.

One can find the exponential increase of PCN with increas-
ing Ec.m. and η in Refs. [12,30,38]. Therefore, we assume
fusion probability increases exponentially as 1/η, 	R, and
excitation energy of the compound nucleus E∗ increase. We
also assume PCN is independent of angular momentum as

reported in Ref. [18]. Considering the contributions of the
potential pocket, E∗, and the orientation effects, we propose
an analytical formula to describe the fusion probability PCN,

PCN(E∗,θ1,θ2) = exp

(
C0

η

)
exp[C1	R(θ1,θ2)]

× exp

(
C2

R(θ2) − Rside

Rtip − Rside

)
exp(C3E

∗), (9)

where 	R = RB − Rm as shown in Fig. 2. The constants
C0, C1, and C3 equal −10.8, 7 fm−1, and 0.01 MeV−1,
respectively. The third term describes the orientation effects
of the fusion probability. C2(=aA

1/3
CN + b) depends on the size

of the colliding system, which is considered as a hindrance
of fusion at the polar orientation of the deformed target,
where a = −78 and b = 508.5. The constants in Eq. (9) are
determined just by fitting the experimental ER cross sections of
the hot reactions 48Ca + 238U, 48Ca + 242Pu, and 48Ca + 244Pu
and the cold fusion reaction 48Ca + 208Pb. The parameters
a and b are obtained by linear fitting of C2 for the hot
reactions 48Ca + 238U, 48Ca + 242Pu, and 48Ca + 244Pu. Rtip

and Rside are the semimajor axis and semiminor axis of the
prolate deformed target as shown in Fig. 1. E∗ = Ec.m. + Q,
where Q = M(P )c2 + M(T )c2 − M(C)c2; and M(P ), M(T ),
and M(C) are the nuclear masses of projectile, target, and
compound nucleus, respectively. In this work, the mass table of
Möller [39] is used. Because of the spherical nuclei in the cold
fusion reactions, the capture cross section cannot be calculated
using the method that we proposed in this work. Therefore, the
method in Ref. [29] is used. Since the colliding nuclei in cold
fusion reactions are almost spherical, the fusion probability
is calculated without considering the orientation effects. Then
Eq. (9) becomes PCN(E∗) = exp(C0

η
) exp(C1	R) exp(C3E

∗).
In this work, the fusion cross section is defined by the product
of the capture cross section and the fusion probability PCN:

σfus(Ec.m.) = 1

4

∫ π

0
sin θ1dθ1

∫ π

0
σcap(Ec.m.,θ1,θ2)

×PCN(Ec.m.,θ1,θ2) sin θ2 dθ2. (10)

III. RESULTS AND DISCUSSION

In this section the approach described above is applied to
analyze the available experimental data on the synthesis of
SHN. The parameters of Eq. (9) keep the same values for all
reactions. The production cross sections of SHEs with Z =
119 and 120 are analyzed.

A. Comparisons with experimental data and other models

In Fig. 3 the experimental ER cross sections for the
cold fusion reactions 48Ca + 208Pb [40], 70Zn + 208Pb [1], and
70Zn + 209Bi [8] are compared with the calculated results in
this work. One can see that the calculated results of ER cross
sections are in good agreement with available experimental
data. For these reactions the capture cross sections are
calculated by using the method in Ref. [29].

As an example of calculating capture cross section in this
work, Fig. 4(a) shows the comparison of capture cross section
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FIG. 3. (Color online) Comparison of the calculated ER cross
sections and the experimental data for the cold fusion reactions
48Ca + 208Pb (Yeremin 1998 [40]) (a), 70Zn + 208Pb (Hofmann 2002
[1]) (b), and 70Zn + 209Bi (Morita 2012 [8]) (c) for synthesis of
superheavy elements Z = 102, 112, and 113, respectively. The
experimental data of ER cross sections of the 1n, 2n, and 3n channels
are denoted by solid triangles, squares, and circles, respectively. The
calculated results are denoted by lines.

results in this work with the experimental data [41] for the
48Ca + 238U fusion reaction. The calculated results are in good
agreement with the experimental data. Figure 4(b) shows the

FIG. 4. (Color online) (a) Capture cross sections for the
48Ca + 238U fusion reaction. The experimental data (Itkis 2002
[41]) are denoted by solid squares. (b) ER cross sections for the
48Ca + 238U fusion reaction. The experimental data of ER cross
sections (Oganessian 2004 [5]) of the 3n and 4n channels are denoted
by solid circles and solid triangles, respectively.

FIG. 5. (Color online) Comparison of the calculated ER cross
sections with the available experimental data for the reactions
48Ca + 237Np (Oganessian 2007 [6]), 242Pu (Oganessian 2004
[5]), 243Am (Oganessian 2013 [3]), 244Pu (Oganessian 2004 [2]),
245Cm (Oganessian 2006 [4]), 248Cm (Oganessian 2004 [5]), 249Bk
(Oganessian 2013 [7]), and 249Cf (Oganessian 2006 [4]). The
measured ER cross sections of the 2n, 3n, 4n, and 5n channels
are denoted by solid squares, circles, triangles, and diamonds,
respectively. The calculated results in this work are denoted by lines.
The arrows show positions of the corresponding Coulomb barriers.

ER cross sections. Within the error bars, the experimental data
[5] are reproduced rather well, especially for the 4n channel.

To test the method, the ER cross sections for the reactions
48Ca + 237Np, 242Pu, 243Am, 244Pu, 245Cm, 248Cm, 249Bk,
and 249Cf to produce elements Z = 113–118 are shown in
Fig. 5. The same parameters of Eq. (9), which are determined
just by the reactions 48Ca + 238U, 48Ca + 242Pu, 48Ca + 244Pu,
and 48Ca + 208Pb, are used. The experimental data [2–7]
are reproduced rather well for all reactions. We predict
the maximal ER cross section of the reaction 48Ca + 249Cf
for the 4n channel to be 1.58 pb and the corresponding
optimal incident energy is Ec.m. = 219 MeV. The arrows show
positions of the corresponding Coulomb barriers. For most of
the hot fusion reactions, the position of the Coulomb barrier is
close to that of the optimal incident energy, which corresponds
to the maximal ER cross section of the 4n channel. The same
phenomenon is also shown in Ref. [19].

To further test Eq. (9), Fig. 6 compares the values of PCN

calculated in this work with predictions in Refs. [9,12,42–44]
for the synthesis of Z = 102–113 in cold fusion reactions.
The experimental data [45] for the reaction 50Ti + 208Pb is
also shown. The calculations are for an excitation energy of
15 MeV. The same parameters of Eq. (9) are used. The orien-
tation effects are not considered because of spherical targets in
cold fusion reactions. The fusion probability decreases rapidly
with the increasing ZCN. The curve of this work locates in the
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FIG. 6. (Color online) Comparison of predictions of PCN cal-
culated in this work with the data from Feng 2007 [12], Siwek-
Wilczynska 2007 [42], Swiatecki 2005 [43], Loveland 2007 [44],
Adamian 2000 [9], and Naik 2007 [45] for synthesis of elements
Z = 102–113 in cold fusion reactions based on 208Pb and 209Bi targets
with projectile nuclei 48Ca, 50Ti, 54Cr, 58Fe, 64Ni, and 70Zn. The inset
is predictions of PCN as a function of excitation energy E∗ for the
system 50Ti + 208Pb calculated in this work and results from Adamian
2000 [9] and Wang 2010 [46].

middle of other predictions and the trend of the curve is close
to others. The inset shows the PCN as a function of excitation
energy E∗ for the reaction 50Ti + 208Pb. One can see that PCN

increases exponentially with increasing E∗. The behavior is
close to the results from Refs. [9,46].

Figure 7 shows the orientation effects of fusion probability
for the reaction 48Ca + 238U at E∗ = 40 MeV. The fusion
probability that corresponds to the equatorial orientation of the
238U nucleus (θ2 = π/2) is much larger. The results from the
DNS model with angular momentum J = 0 are also shown. A
similar behavior can be seen. Therefore, the orientation effects
of Eq. (9) are reasonable.

FIG. 7. Fusion probability as a function of orientation angle θ2

for the reaction 48Ca + 238U at E∗ = 40 MeV. The circles denote the
results from the DNS model.

FIG. 8. (Color online) ER cross sections as a function of the inci-
dent energy for the reactions 48Ca + 252Es (dashed lines), 50Ti + 249Bk
(solid lines), and 51V + 248Cm (dot-dashed lines) for producing
element Z = 119. The dashed, solid, and dot-dashed arrows show
positions of the Coulomb barriers for the respective reactions.

B. Evaporation residue cross sections of Z = 119 and 120

The above calculations give us confidence in our method to
investigate the ER cross sections of fusion reactions leading
to new elements. The ER cross sections of the reactions
48Ca + 252Es, 50Ti + 249Bk, and 51V + 248Cm for producing
the superheavy element Z = 119 are shown in Fig. 8. The
dashed, solid, and dot-dashed arrows denote the positions
of the entrance channel Coulomb barriers for the reactions
48Ca + 252Es, 50Ti + 249Bk, and 51V + 248Cm, respectively.
The maximal ER cross sections of the 3n and 4n channels in
the reaction 48Ca + 252Es are 0.59 and 0.96 pb for the incident
energies Ec.m. = 211 and 221 MeV, respectively. The ER cross
sections from Ref. [32] within the framework of a dinuclear
system model are in the same order of magnitude, while the
maximal cross section of the 3n channel, which is 0.3 pb, is
larger than that of the 4n channel. The maximal cross section
for the reaction 50Ti + 249Bk is 0.064 pb in the 4n emission
channel and the optimal incident energy is Ec.m. = 236 MeV,
which is close to the results from Ref. [17], where the maximal
cross section and optimal incident energy is about 0.050 pb and
Ec.m. = 236 MeV, respectively. It can be seen that the maximal
ER cross section for the reaction 51V + 248Cm is only 0.01 pb
in the 4n channel and the corresponding incident energy is
Ec.m. = 237 MeV. The reason for larger ER cross sections of
the reaction 48Ca + 252Es probably is that the fusion probability
increases considerably as the mass asymmetry increases.
This is connected with the strong hindrance to formation of
compound nucleus due to the dominant role of the quasifission
process. Therefore, the reaction 48Ca + 252Es would be better
for synthesizing the superheavy element Z = 119 if enough
of the 252Es can be collected to make a target.

Figure 9 shows the ER cross sections of the reactions
50Ti + 249Cf, 54Cr + 248Cm, and 51V + 249Bk for producing
the superheavy element Z = 120. The arrows denote the
positions of the entrance channel Coulomb barriers for each
reaction. The ER cross sections of 3n and 4n channels for
the reaction 50Ti + 249Cf are obviously greater than those of
systems 54Cr + 248Cm and 51V + 249Bk. The reason probably is
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FIG. 9. (Color online) ER cross sections as a function of the inci-
dent energy for the reactions 50Ti + 249Cf (dashed lines), 54Cr + 248Cm
(solid lines), and 51V + 249Bk (dot-dashed lines) for producing
element Z = 120. The dashed, solid, and dot-dashed arrows show
positions of the Coulomb barriers for the respective reactions.

that the fusion probability of the system 50Ti + 249Cf is larger
due to more mass asymmetry of the entrance channel. The
production cross sections for the reactions 54Cr + 248Cm and
51V + 249Bk are 0.003 and 0.0018 pb, respectively, which are
too small for available facilities. The predicted maximal ER
cross section and optimal bombarding energy of the reaction
50Ti + 249Cf are 0.029 pb and Ec.m. = 240 MeV, respectively,
which are close to the results from Ref. [17]. The maximal ER
cross section of the reaction 50Ti + 249Cf is quite reachable at
available setups, though a longer time of irradiation is needed.

In this work, the calculated maximal ER cross sections of
producing SHEs with Z = 119 and 120 are in the 4n channel.
In Fig. 10(a), the maximal ER cross sections of the 4n channel
in hot fusion reactions to produce elements Z = 112–118
are compared with the the available experimental data.
Figure 10(b) shows the corresponding optimal incident
energies. One can see the calculated results of maximal ER
cross sections of the 4n channel and corresponding incident
energies are in good agreement with the available experimental
data. The maximal ER cross section of the 4n channel of
the reaction 48Ca + 237Np for producing Z = 113 is 1.96 pb
and the corresponding incident energy is Ec.m. = 203 MeV.
The calculated maximal ER cross sections and corresponding
incident energies for the reactions 48Ca + 252Es→(300−4n)119,
50Ti + 249Bk→(299−4n)119, 51V + 248Cm→(299−4n)119,
50Ti + 249Cf→(299−4n)120, 54Cr + 248Cm→(302−4n)120, and
51V + 249Bk→(300−4n)120 are also shown. One behavior that
can be seen is that the system has larger maximal ER cross
section of the 4n channel corresponding to lower optimal
incident energy. The reason is probably that the survival
probability is larger for a reaction with lower optimal incident
energy, which is connected with the lower excitation energy
of the compound nucleus. The optimal incident energy of the
4n channel is probably related to the Coulomb barrier height.
Figure 10(c) shows the calculated fusion probabilities of hot
fusion reactions as a function of ZCN for polar and equatorial
configurations. The fusion probability of each system is
calculated at optimal incident energies which are shown in

FIG. 10. Maximal values of experimental available ER cross
sections (Oganessian 2007 [6], Oganessian 2004 [5], Oganessian
2013 [3], Oganessian 2004 [2], Oganessian 2006 [4], Oganessian
2004 [5], Oganessian 2013 [7], and Oganessian 2006 [4]) of the 4n

channel (a) and corresponding optimal incident energies (b) for hot
fusion reactions to produce elements Z = 112–118, in comparison
with the theoretical values calculated in this work. The maximal ER
cross sections and optimal incident energies for Z = 119 and 120 are
also predicted. (c) The calculated fusion probabilities of hot fusion
reactions as a function of ZCN for equatorial and polar orientations.
The reactions are denoted by actinide targets.

Fig. 10(b). One can see that the fusion probabilities for polar
orientation decrease rapidly with increasing charge number of
the synthesized compound nucleus, while the trend is almost
flat for equatorial orientation. The reason probably is that
the size of the potential pocket for polar orientation is more
sensitive to ZCN.

IV. CONCLUSIONS

In summary, in hot fusion reactions with deformed tar-
gets, only the deformation effect is considered for barrier
distribution and almost no adjustable parameter is required
to calculate capture cross section. An empirical formula is
proposed to calculate the fusion probability of both cold
and hot fusion reactions. In the formula, the orientation
effect is considered. The calculated ER cross sections of hot
fusion reactions show a good agreement with the experimental
data. The formula also can give reasonable results of fusion
probabilities in cold fusion reactions. The production cross
sections of Z = 119 and 120 are predicted. The maximal ER
cross sections of the reactions 48Ca + 252Es, 50Ti + 249Bk, and
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51V + 248Cm for synthesizing element 119 are 0.96, 0.064, and
0.01 pb in the 4n emission channel for the optimal incident
energies Ec.m. = 221, 236, and 237 MeV, respectively. In
the projectile-target combinations 50Ti + 249Cf, 54Cr + 248Cm,
and 51V + 249Bk leading to synthesis of SHN with Z = 120,
the maximal ER cross sections are 0.029, 0.003 and 0.0018
pb in 4n emission channel for the optimal incident energies
Ec.m. = 240, 250, and 242 MeV, respectively. It is found that
for hot fusion reactions larger maximal ER cross section of
the 4n channel corresponds to lower optimal incident energy.
In hot fusion reactions, the fusion probabilities for polar

orientation decrease rapidly with increasing charge number of
the synthesized compound nucleus, while the trend is almost
flat for equatorial orientation.
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J. Wilczyński, Phys. Rev. C 86, 014611 (2012).
[14] N. Wang, E. G. Zhao, W. Scheid, and S. G. Zhou, Phys. Rev. C

85, 041601(R) (2012).
[15] C. W. Shen, Y. Abe, D. Boilley, G. Kosenko, and E. G. Zhao,

Int. J. Mod. Phys. E 17, 66 (2008).
[16] G. Mandaglio, G. Giardina, A. K. Nasirov, and A. Sobiczewski,

Phys. Rev. C 86, 064607 (2012).
[17] V. Zagrebaev and W. Greiner, Phys. Rev. C 78, 034610

(2008).
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