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The production cross sections of heaviest isotopes of superheavy nuclei with charge numbers 112–118 are 
predicted in the xn–, pxn–, and αxn–evaporation channels of the 48Ca-induced complete fusion reactions 
for future experiments. The estimates of synthesis capabilities are based on a uniform and consistent set 
of input nuclear data. Nuclear masses, deformations, shell corrections, fission barriers and decay energies 
are calculated within the macroscopic-microscopic approach for even-even, odd-Z and odd-N nuclei. For 
odd systems the blocking procedure is used. To find saddle points, the Imaginary Water Flow technique is 
used and non-axiallity is taken into account. As shown, our calculations, based on a new set of mass and 
barriers, agree very well with the experimentally known cross-sections, especially in the 3n–evaporation 
channel. The dependencies of these predictions on the mass/fission barriers tables, the ratio a f /a, and 
fusion models are discussed. A way is shown to produce directly unknown superheavy isotopes in the 
1n– or 2n–evaporation channels. The synthesis of new superheavy isotopes unattainable in reactions with 
emission of neutrons is proposed in the promising channels with emission of protons (σpxn � 10 − 200
fb) and alphas (σαxn � 50 − 500 fb).

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

The production and spectroscopic study of superheavy nuclei 
(SHN) is currently one of the most important topics in nuclear 
experiment and theory. Due to the short lifetimes of SHN and 
the exceptionally low probabilities of their production the final 
cross-sections are extremely small. Only having studied the nu-
clear properties and fusion mechanism, one can make reliable 
predictions of probabilities for the synthesis even heavier, still non-
existent SHN. The 48Ca-induced complete fusion reactions have 
been successfully used to synthesize SHN with charge numbers 
Z =112–118 in the neutron evaporation channels (xn−evaporation 
channels) [1–15] and to approach to “the island of stability” of SHN 
predicted at Z =114–126 and neutron numbers N=172–184 by the 
nuclear shell models [16–34]. The most of these SHN have been 
obtained in the 3n− and 4n−evaporation channels. Only in the 
reactions 48Ca+242Pu, 48Ca+243Am, and 48Ca+245Cm the evapora-
tion residues have been detected in the 2n-evaporation channel. 
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The nuclei 285,287Fl and 292Ts have been also produced in the 5n-
evaporation channel. On the agenda is to expand the region of SHN 
in the direction of the magic neutron number N = 184. For this 
purpose, we should study both new experimental possibilities and 
possible reaction channels. New isotopes of heaviest nuclei with 
Z =112–117 can be synthesized in the 48Ca-induced actinide-based 
complete fusion-evaporation reactions with emission of charged 
particle (proton “p” or alpha-particle “α”) and neutron(s) from 
compound nucleus (CN). Note that the possibility of the production 
of new heaviest isotopes of SHN with Z =113, 115, and 117 in the 
proton evaporation channels with rather high efficiency was first 
suggested by Yu. Ts. Oganessian [35] and then tested in Refs. [36]
and [37].

One can also observe new isotopes in 1n− and 2n−evapo-
ration channels of the 48Ca-induced actinide-based complete fu-
sion reactions. Using the predictions of superheavy nuclei prop-
erties of Ref. [38], we have recently studied these possibilities 
in Refs. [36,39]. We have revealed how rapidly the evaporation 
residue cross section decreases with beam energy in sub-barrier 
region.

An interesting question is how the estimations of production 
cross sections change if we replace the mass table containing the 
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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predictions of SHN properties. Taking other mass table, we should 
incorporate it in all steps of the calculation of evaporation residue 
cross sections. As known, the evaporation residue cross sections 
depend on the capture cross section, fusion probability (forma-
tion of the CN), and survival probability (the survival with respect 
to fission). The last one seems to be the most sensitive to the 
SHN properties. However, the fusion probability also crucially de-
pends on the change of mass table because it affects the potential 
energy surface driving two colliding nuclei to the CN. The cap-
ture cross section depends on the deformations predicted for the 
colliding nuclei. So, in the present article, employing the mass ta-
ble of Ref. [40–42] based on the microscopic-macroscopic method, 
we will predict the excitation functions in the xn−, pxn−, and 
αxn−evaporation channels of the 48Ca-induced complete fusion 
reactions.

2. Model

The evaporation residue cross section [36,39,43–67]

σs(Ec.m.) =
∑
J=0

σcap(Ec.m., J )P C N(Ec.m., J )W s(Ec.m., J ) (1)

in the evaporation channel s depends on the partial capture cross 
section σcap for the transition of the colliding nuclei over the en-
trance (Coulomb) barrier, the probability of CN formation P C N after 
capture and the survival probability W s of excited CN. The forma-
tion of CN is described within a version of the dinuclear system 
model [36,39,65–67].

In the first step of fusion reaction the projectile is captured by 
the target. In the calculation of σcap in Eq. (1), the orientation of 
the deformed actinide target nuclei is taken into account [65]. The 
bombarding energy Ec.m. at which the capture for all orientation 
becomes possible is defined by the Coulomb barrier at sphere-side 
orientation. At smaller Ec.m. some partial waves fall under the bar-
rier. The position and height of the Coulomb barrier are mainly 
affected by the quadrupole deformation of actinide nucleus. The 
quadrupole deformation used were extracted in Ref. [68] from the 
measured quadrupole moments. So, the effect of deformations of 
higher multipolarities is taken partially into consideration in our 
calculations. Because the uncertainty in quadrupole deformation 
affects the Coulomb barrier stronger than the hexadecopole defor-
mation, we consider only quadrupole deformation in our calcula-
tions.

In the second step the formed dinuclear system (DNS) evolves 
to the CN in the mass asymmetry coordinate η = (A1 − A2)/(A1 +
A2) (A1 and A2 are the mass numbers of the DNS nuclei) [36,39,
43–52,55–67]. Because the bombarding energy Ec.m. of the pro-
jectile is usually higher than the Q value for the CN formation, 
the produced CN is excited. At Ec.m. corresponding to the excita-
tion energies EC N = 40 MeV of CN the mass table [38] results in 
P C N = 2.2 ×10−3 and 7 ×10−4 for the reactions 48Ca+244Pu,248Cm, 
respectively, while P C N = 8.5 × 10−4 and 2.6 × 10−4, respectively, 
with the mass table [40]. So, the calculated fusion probability is 
quite sensitive to the mass table used.

When successful, hot fusion creates a heavy nucleus in a highly 
excited state that rapidly emits neutrons or charged particles (with 
smaller probability), each removing a few MeV of energy from 
the system, whereby it “cools down” [69–76]. At every stage of 
this emission there is competition with fission process that lead 
to nucleus splitting. This leads to great importance of the fission 
barrier B f as the main parameter which protect nucleus against 
fission. In this paper, we describe the production of nuclei in the 
evaporation channels with emission of charged particle (proton or 
α-particle) and neutrons as in Refs. [36,39,66,67]. The emissions 
of γ , deutron, triton, and clusters heavier than alpha-particle are 
expected to be negligible to contribute to the total width of CN 
decay. The de-excitation of the CN is treated with the statistical 
model using the level densities from the Fermi-gas model. The 
neutron separation energies Bn , Q -values for proton and alpha-
particle emissions, nuclear mass excesses of SHN, and fission bar-
riers for the nuclei considered are taken from the microscopic-
macroscopic model [40–42]. Recently, within this approach (with 
parameters adjusted to heavy nuclei [77]), it was possible to repro-
duce well the data on ground state masses; first, second, and third 
[41,78–83] fission barriers in actinides for which some emipiri-
cal/experimental data are available.

Within the microscopic-macroscopic method, the energy of de-
formed nucleus is calculated as a sum of two parts: the macro-
scopic one being a smooth function of Z , N and deformation, and 
the fluctuating microscopic one that is based on some phenomeno-
logical single-particle potential. The deformed Woods-Saxon poten-
tial model [84] used here is defined in terms of the nuclear surface. 
Mononuclear shapes are parameterized via nuclear radius expan-
sion in spherical harmonics.

For the systems with odd proton or neutron (or both), we use 
the standard blocking method. Considered configurations consist of 
an odd particle occupying one of the levels close to the Fermi level 
and the rest of particles forming paired BCS state on remaining 
levels. The ground states are found by minimizing over configura-
tions (blocking particles on levels from the 10-th below to 10-th 
above the Fermi level) and deformations. For nuclear ground states 
it was possible to confine analysis to axially-symmetric shapes. 
More details can be found in Ref. [41]. The simplest extension 
of the model to odd nuclei required three new constants which 
may be interpreted as the mean pairing energies for even-odd, 
odd-even and odd-odd nuclei [41]. They were fixed by a fit to 
the masses with Z ≥ 82 and N > 126 via minimizing the rms 
deviation in particular groups of nuclei what is rather standard 
procedure [38,85]. The experimental nuclear masses of heavy nu-
clei were taken from [86]. The obtained rms deviation in masses 
for 252 nuclei is about 400 keV with blocking scenario [41] used 
here. Similar rms error is obtaimed for 204 Q α values. For 88 mea-
sured Q α values in SHN, the quantities outside the region of the 
fit, we obtained the rms deviation of about 250 keV [41].

To estimate the survival probability, the fission barriers from 
adiabatic scenario, i.e. the smallest possible ones, are taken [42]. 
The main problem in finding saddle points is that, since they are 
neither minima nor maxima, one has to know the energy on a 
multidimensional grid of deformations (the often used and much 
simpler method of minimization with imposed constraints may 
produce invalid results) [79,87–89]. To find saddles on a grid we 
used the Imaginary Water Flow technique. This conceptually sim-
ple and at the same time very efficient (from a numerical point of 
view) method was widely used and discussed [79,87,90–93]. Based 
on this and our previous results showing that triaxial saddles are 
abundant in SHN [83], we conclude that quadrupole triaxial shapes 
have to be included for the first barriers with which we are dealing 
with the nuclei considered here. All details regarding the method-
ology of searching for the right saddles with the exact specification 
of the deformation spaces used can be found in Ref. [42]. For 
actinides, a statistical comparison of our inner and outer fission 
barrier heights with available empirical estimates gives the aver-
age discrepancy and the rms deviation not larger than 0.82 MeV 
and 0.94 MeV, respectively [82]. This allows us to have some confi-
dence in the macroscopic-microscopic model used here. Significant 
differences in the fission barriers obtained in various modern nu-
clear models were noticed in Ref. [94]. A broad discussion of the 
problems arising from this can be found in Refs. [42,95].

Owing to the dependence of the shell effects on nuclear excita-
tion, the value of shell correction effectively depends on the exci-
tation energy with the damping parameter Ed = 25 MeV. In com-
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Fig. 1. Q α -values for even-Z (a) nuclei 276−288Cn, 280−292Fl, 286−296Lv, 291−299Og and for odd-Z (b) nuclei 279−291Nh, 285−295Mc, 291−298Ts. Experimental data for Q α are 
taken from [7] and marked by crosses.
parison to Refs. [37,96,97], which are based for even-even nuclei 
on the same mass table, we employ the equivalent method to cal-
culate the survival probability [36,39,66,67] taking into account the 
shell effect damping in the potential energy surface and asymptotic 
level-density parameter a. However, we would like to emphasise 
that for odd nuclei in Refs. [37,96,97] the pairing was treated in 
different way compared to nuclear input data used here. Namely, 
the predictions of the Fusion-by-Diffusion model [37,96,97] for the 
synthesis cross sections of 114–120 elements were based on the 
macroscopic-microscopic properties calculated within the quasi-
particle method in pairing channel. The ground states and con-
sequently fission barrier heights for other nuclei were calculated 
separately by adding the energy of the odd particle occupying a 
single-particle state. This quasiparticle energy Eqp takes a sim-

ple form: Eqp =
√

(εqp − λ)2 + �2, where εqp is the energy of 
the odd nucleon in the quasiparticle state, λ is the Fermi energy 
and � is the pairing gap energy. In this scenario of fission bar-
riers calculation the energy Eqp was added at every grid point 
as well as at every minimisation step in the gradient procedure 
used for the ground states. So, the calculations of masses and B f
have been performed without blocking of any state in the calcu-
lations within the Fusion-by-Diffusion model [37,96,97] but using 
the BSC-quasiparticle method.

In the DNS model used here the damping parameter should be 
larger than in Refs. [37,96,97]. With the expression an = a = A/10
MeV−1 for the asymptotic level-density parameter for neutron (A
is the mass number of the CN) we have almost the same values 
as those used in Ref. [98] and found microscopically in Ref. [99]. 
The level-density parameters for fission, proton-emission, and α-
emission channels are taken as a f = 0.98a, ap = 0.96a, and aα =
1.15a, respectively, to fit only the data for the 48Ca+244Pu reaction. 
The ratio between a and a f is close to that found in Ref. [99]. Here, 
we set these parameters for all reactions considered. Because the 
shell corrections at the ground state are larger with the mass table 
[38], in Refs. [36,39] the larger values of a f = 1.03a were used 
to again match only the data for the 48Ca+244Pu reaction. Other 
parameters in Refs. [36,39] were set the same as in this paper. So, 
taking other mass table for the properties of SHN, we change only 
the ratio a f /a.

For the calculation of the Coulomb barrier, we use the expres-
sion V j = (Z − z j)z je2/(r j[(A − m j)

1/3 + m1/3
j ]), where z j (m j) 

are the charge (mass) numbers of the charged particle (proton 
or α-particle) and r j is a constant. The charge Z (mass A) num-
ber corresponds to the CN. We obtain rα from the energy of the 
DNS formed by the daughter nucleus and α-particle. We calcu-
late the Coulomb barrier in the interaction potential between the 
α-particle and the daughter nucleus [100] and find the value of 
rα = 1.57 fm to be used in the calculations of Vα . The param-
eter rp=1.7 fm for the Coulomb barrier for proton emission is 
taken from Refs. [62,76]. With these values of rα and rp we ob-
Table 1
The theoretical barriers V i and energy thresholds Bi = V i − Q i in the evaporation 
channels with emission of proton and alpha-particle (i = p, α). The Q p,α -values are 
calculated with the microscopic-macroscopic models [38] and [40].

Reaction V p

(MeV)
Vα

(MeV)
B p [40]
(MeV)

Bα [40]
(MeV)

B p [38]
(MeV)

Bα [38]
(MeV)

48Ca+242Pu 12.6 25.1 16.1 15.0 17.1 16.6
48Ca+244Pu 12.6 25.1 16.7 15.7 17.2 16.9
48Ca+243Am 12.7 25.3 14.5 15.0 14.1 15.7
48Ca+245Cm 12.8 25.5 15.5 14.7 15.5 14.6
48Ca+248Cm 12.7 25.5 16.1 14.6 15.9 14.4
48Ca+249Bk 12.8 25.6 14.0 14.1 14.2 13.9
48Ca+249Cf 12.9 25.9 15.0 13.6 14.8 13.8
48Ca+251Cf 12.9 25.9 15.7 14.0 15.1 13.3

tain Vα and V p which are about 2.5 and 1.5 MeV (Table 1), re-
spectively, larger than those used in Refs. [37,96,97]. As shown 
in Refs. [37,96,97], the increase of Vα and V p by 4 MeV leads to 
about one order of magnitude smaller σs in the αxn and pxn evap-
oration channels. So, the difference of our rα and rp from those in 
Refs. [37,96,97] could create 2–4 times difference in the values of 
σs . In Refs. [36,39], the same values of Vα and V p were used as 
in this paper. As seen in Table 1, the values of energy thresholds 
for protons and alpha-particles obtained with the mass table [38]
deviate within 2.5 MeV from those calculated with the mass table 
[40].

As found, the values of σs near the maxima of excitation func-
tions are almost insensitive to the reasonable variations of the 
parameters used, but far from the maxima they change up to one 
order of magnitude. Therefore, the results obtained in this paper 
have quite a small uncertainty near the maxima of excitation func-
tions which are important to obtain the maximum yield of certain 
nucleus in the experiments. We estimate the uncertainty of our 
calculations of σs within a factor of 2–4.

3. Calculated results

In Fig. 1, our results for Q α-values are shown for the SHN con-
sidered. As seen, the available alpha-decay energy measurements 
are perfectly reproduced. Only in the case of Cn and Nh nuclei 
with smaller number of neutrons our results slightly overestimate 
the experimental data. Let us emphasize that only ground-state-
to-ground-state alpha transitions were calculated. Apparent Q α

values taking the parent ground-state configuration in odd and 
odd-odd systems as the final state in daughter were not consid-
ered. This may be the reason for the overestimation in a few 
cases, as especially in odd nuclei the decay may occur to excited 
states of the daughter nucleus, which shortens the alpha transition 
lines.

In Fig. 2 we provide the differences between the calculated 
fission barrier heights B f and neutron separation energies Bn . 
As mentioned before, this differences control survival probability. 
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Fig. 2. The differences of fission barrier heights B f and neutron separation energies Bn for even-Z (a) and odd-Z (b) nuclei indicated in Fig. 1.

Fig. 3. The measured (symbols) and calculated (lines) excitation functions for xn−evaporation channels (x = 1 − 5) of the indicated complete fusion reactions. The mass table 
of Ref. [40] is used in the calculations. The black triangles at energy axis indicate the excitation energy E∗

C N of the CN at bombarding energy corresponding to the Coulomb 
barrier for the sphere-side orientation. The blue diamonds, green squares, red circles, and gray pentagons represent the experimental data [7] with error bars for 2n−, 3n−, 
4n−, and 5n−evaporation channels, respectively. The vertical lines with arrow indicate the upper limits of evaporation residue cross sections.
These values of B f − Bn are a few MeV smaller than those of 
Ref. [38] (see Fig. 4 of Ref. [63]).

With the nuclear properties from Refs. [40–42] the calculated 
excitation functions for xn evaporation channels are presented 
in Figs. 3-5 for the complete fusion reactions 48Ca+238U,237Np,
243Am,249Bk,239,240,242,244Pu,245,248Cm,249,251Cf. The data of the 
experimental excitation functions shown in Figs. 3-5 are extracted 
from the yields measured at Ec.m. in the middle of the target. The 
calculated curves correspond to these Ec.m. and are not folded with 
the target thickness. As shown in Ref. [98], the target thickness 
reduces the heights and increases the widths of the theoretical 
excitation functions. However, the changes near their maxima are 
within the accuracy of our calculations.

In Ref. [39] and here, the same model is used to calculate the 
evaporation residue cross sections. So, the comparison with the re-
sults of Ref. [39] reflects the difference in the predicted properties 
of SHN. In comparison to Ref. [39] the bombarding energies corre-
sponding to the Coulomb barriers for the sphere-side orientations 
lead to 2–3 MeV smaller E∗

C N . As a result, the maxima of excitation 
functions σxn(E∗

C N) are slightly shifted to higher E∗
C N in Figs. 3-5. If 

in Ref. [39] σ4n > σ3n in the maxima of excitation functions for the 
reactions 48Ca+242,244Pu,245,248Cm, the present calculations with 
the data of Ref. [40] result in σ4n < σ3n and larger σ3n/σ2n . Though 
in the reactions 48Ca+238U,237Np,243Am,249Bk the maximum pro-
duction cross sections are expected in the 3n evaporation channel 
independently on the mass table, in Fig. 3 the ratios σ3n/σ4n are 
about 2 times smaller than those in Ref. [39]. The mass table [40]
leads to close maxima of σ3n and σ4n , relatively large σ5n and 
smaller σ2n in most reactions.

The maximum cross sections in the 2n-evaporation channel 
were found to be within 10 times smaller than the cross sections 
at the maxima of excitation functions of the 3n− or 4n−evapora-
tion channels. The cross sections in 1n evaporation channel could 
be of interest for the experimental study if they are larger than 5 
fb. Thus, employing the reactions in the 1n− and 2n−evaporation 
channels, one can directly produce the heaviest isotopes closer to 
the center of “the island of stability”: 284,285Cn, 283,284Nh, 294Lv, 
295Ts, and 295−297Og. Many of them were only produced as daugh-
ters in the α-decay chains. The isotopes 295Ts, and 295−297Og are 
presently unknown.

The comparison of the results in Figs. 3-5 with those in 
Refs. [96,97] based on the same mass table allows us to stress the 
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Fig. 4. The same as in Fig. 3, but for other indicated complete fusion reactions.

Fig. 5. The same as in Fig. 3, but for other indicated complete fusion reactions.
difference of the fusion models used. In spite of the difference of 
the fusion models, the predicted values of cross sections are rather 
close for most reactions. While σ4n > σ3n for the 48Ca+249Cf reac-
tion in Ref. [96], in Fig. 5 we obtain σ4n < σ3n . For the 48Ca+249Bk, 
we obtain smaller ratio σ4n/σ5n and larger σ3n/σ4n than those in 
Ref. [97].

The calculated excitation functions for the channels with evap-
oration of charged particle are presented in Figs. 6-8. While in 
Ref. [36] σα2n > σα3n and σp2n > σp3n in most reactions with 
the mass table [38], we obtain rather close cross sections due 
to slightly smaller neutron separation energies in the mass table 
[40–42]. Because the same mass table is used (with a reserva-
tion regarding the different treatment of odd particles) in Ref. [37], 
the predicted cross sections are similar there to those in Figs. 6-8. 
However, stronger dependence of fusion probability P C N on energy 
leads to relative increase of the α3n and p3n evaporation channels 
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Fig. 6. The same as in Fig. 3, but for αxn− and pxn−evaporation channels (x = 0 − 3) of the indicated complete fusion reactions.

Fig. 7. The same as in Fig. 6, but for other indicated complete fusion reactions.
in Figs. 6-8. The relatively smaller yields in the α1n and p1n evap-
oration channels are due to the same reason.

The production cross sections of almost all of these SHN in 
the xn-evaporation channels are comparable or even larger than 
those in the charged particle evaporation channels. The produc-
tion cross sections of heaviest isotopes 287−290Nh, 291−293Mc, and 
295−296Ts (286,287Cn, 286Nh, 290,291Fl, 291,292Mc, and 294Lv) in the 
pxn-channels (αxn-channels) of the 48Ca-induced fusion reactions 
were predicted: about 10–200 fb (about 50–500 fb).
4. Summary

For the 48Ca-induced actinide-based complete fusion reactions, 
the excitation functions for the production of the SHN with charge 
numbers 112–118 were calculated in xn−, αxn−, and pxn−evap-
oration channels using the predictions of SHN properties from 
Ref. [40–42].

As it turns out, in modeling of reactions leading to the SHN, 
the use of a consistent, i.e., coming from one source, set of nuclear 



J. Hong et al. / Physics Letters B 809 (2020) 135760 7

Fig. 8. The same as in Fig. 6, but for other indicated complete fusion reactions.
data input plays a fairly important role. In the presented article, 
the nuclear properties of the ground states and saddle points were 
calculated within the multidimensional macroscopic-microscopic 
approach with blocking technique for odd nuclei. As shown, the 
value of the ratio a f /a is related to SHN properties predicted and 
crucial for the results obtained.

The description of the experimental cross-sections is excellent 
for the 3n channels of the reactions. The excitation functions are 
only slightly shifted towards higher energies compared to the ex-
periment when four neutrons are emitted in the cascade. Only 
for the reactions 48Ca+240Pu and 48Ca+242Pu, the resulting cross-
sections are underestimated - but less than one order of magni-
tude.

The use of the charged particle evaporation channels allows us 
to increase the mass number of heaviest isotopes of nuclei with 
Z = 113, 115, and 117 (112 and 114) up to 5, 3, and 1 (1 and 
1) units, respectively, with respect to the xn evaporation channels. 
In addition, in the nuclei produced the electron capture [101] can 
occur by adding one more neutron in daughter nuclei. The pro-
ton evaporation channels seem to be more effective to approach 
N = 184 than the alpha emission channels. One can produce more 
neutron-rich isotopes in the reactions with even-Z targets than in 
the reactions with odd-Z ones. The pxn− and αxn−evaporation 
channels allow us to obtain an access to the isotopes which are 
unreachable in xn−evaporation channels due to the lack of proper 
projectile-target combination. Thus, employing the reactions sug-
gested, one can produce the heaviest isotopes closer to the center 
of the island of stability. The pxn− and αxn−evaporation channels 
can be only distinguished by different α-decay chains of the evap-
oration residues because the excitation functions of these channels 
overlap with those for xn−evaporation channels.

Our present results were compared with those obtained with 
the same fusion model and other mass table and with com-
pletely other fusion model [37,96,97] for which nuclear properties 
were calculated using the same macroscopic-microscopic model 
but with quasiparticle method for pairing. Absolute values of cross 
sections are rather close. However, the ratio of the cross sections 
in the maxima of excitation functions is sensitive to the mass 
table. For example, σp2n > σp3n with the mass table [38], while 
σp2n ≈ σp3n in the calculations presented. If the same mass table 
is used with different fusion model, the fusion probability creates 
the difference in the cross sections obtained. For example, the ra-
tios σ5n/σ4n and σα2n/σα3n are sensitive to the increase rate of 
P C N with excitation energy and, thus, to the fusion model.
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