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Abstract. By using the statistical model and recent theoretical predictions of nuclear properties, survival
probabilities of superheavy nuclei with respect to the xn evaporation channel (x = 1-4) are calculated.
Level densities of the Fermi-gas model and of a model with collective enhancement are used. The survival
probabilities and the fusion cross-sections calculated within the dinuclear system model are applied to ob-
tain excitation functions of No isotopes in the reactions 8Ca + 204:296.208p}, and production cross-sections
of superheavy nuclei with Z > 102 in cold and hot fusion reactions. The results are in a good agreement

with available experimental data.
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1 Introduction

The synthesis of superheavy nuclei in cold- and hot-fusion
reactions is an actual interesting field of present-day nu-
clear physics. The experimental studies of produced iso-
topes stimulate more precise theoretical description of
their properties. New theoretical predictions of the proper-
ties of superheavy nuclei have been achieved in refs. [1-4].
They can be used for a more precise calculation of the
evaporation residue cross-sections for the production of su-
perheavy elements. At centre-of-mass kinetic energy F. .
these cross-sections are given for small contributing angu-
lar momenta as [5-8]

UER(Ec.m.) ~ Uc(Ec.m.)PCN(EC.m.7 J = 0)

><VVsur(-Ec.rn.7J = 0) (1)

They depend on the capture cross-section o. describing
the transition of the colliding nuclei over the entrance
(Coulomb) barrier, on the probability Pon of the com-
pound nucleus formation after the capture, and on the
survival probability W, of the excited nucleus. The prob-
ability of complete fusion Pon(Eem.,J), describing the
competition between the complete fusion and quasifis-
sion, can be calculated within the dinuclear system (DNS)
model [5-8]. This model assumes that the compound nu-
cleus is reached by a series of transfers of nucleons or small
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clusters from the light nucleus to the heavier one in a
touching configuration. The dynamics of fusion is consid-
ered as a diffusion of the DNS in the mass asymmetry,
defined by n = (A1 — A2)/(A1 + Az) (A1 and Ay are the
mass numbers of the DNS nuclei). The probability Wy,
determines the survival of the excited compound nucleus
and describes the competition between particle evapora-
tion and fission of the compound nucleus. It is considered
now as one of the crucial factors in producing heavy and
superheavy elements.

Since the calculations of o. and Pon in eq. (1) are
performed in ref. [8], we use the values presented there
and focus on the treatment of Wy, in the present pa-
per. In refs. [9,10] we analyzed the survival probabilities
of superheavy nuclei with the theoretical predictions of
nuclear properties [11-13]. Here, we use the recent pre-
dictions [1,2,4] and extend the analysis to the xn evap-
oration channels (z > 1). The Fermi-gas model and the
model with collective enhancement are applied to the cal-
culation of level densities. Different ways for including the
energy dependence of shell effects are considered.

In sect. 2 we give a survey over the survival probability.
The calculation of level density with the Fermi-gas model
and a model with collective enhancement is discussed in
sect. 3. In sect. 4 we present the results for the production
of No isotopes, of isotopes with Z = 103-109 produced in
208ph- and 299Bi-based reactions and of the isotopes with
Z =116 produced in actinide-based reactions.
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2 Survival probability

The survival probability [14,15] under the evaporation of
a certain sequence s of x particles is defined as
xr
* - * FZ(EZ,J“)

Wau (B J) % Po(Eé, J) [[1 nE ) @
Here, is, Ps, E and J; are the index of the evapora-
tion step, the probablhty of realization of the channel
s at the initial excitation energy FE¢y of the compound
nucleus, the mean values of excitation energy and angu-
lar momentum, respectively. At the first step iy = 1,
Ef = E&y and Ji, = J. The total width I for com-
pound nucleus decay is the sum of partial widths of par-
ticle evaporation [, y-emission I’y and fission I'y. In su-
perheavy nuclei with Z > 102 at considered excitation
energies (Efy > 9-10 MeV, i.e. larger than neutron sep-
aration energy) the emission of y-rays and charged par-
ticles are much less probable than the neutron emission.
The emission of charged particles is suppressed by the
large Coulomb barrier and the emission of 7-rays plays
only role at smaller E¢y. Under these circumstances we
set I; ~ I, and Iy ~ I}, + I'y. Therefore, the survival
probability W, (Edy, J) reflects the competition between
neutron evaporation and fission of the excited compound
nucleus. Since in the considered nuclei I3, < I'y, we can
write the survival probability in the case of the evapora-
tion of x neutrons [14,15]

- I'W(E}, J;)
VVsur(-Eh|< 7J)%P:IZTL(E* 7J) * ‘ *
oN N an(EiaJi>+Ff(Ei7Ji)
= To(E; L))
~ Pon(Bén, J) || 2ot (3)
o gpf(Eiv‘]i)

where P,,, is the probability of realization of an zn channel
at a given FEy and J.

In the case of the emission of x neutrons (x >
use the well known formula P,,=P(z+1) — P(z) [16
where the function

1) we
71 ]7

2z—3

> )

i=1

P(r) =1 —exp[A,/T) (1 +

is the probability that at a given Efy not more than z
neutrons are evaporated. Here, A; = E&y — >, By (k),
B, (k) is the separation energy of the k-th evaporated neu-
tron, T = \/E&y/(1.5acn) the average nuclear tempera-
ture, which is taken for simplicity constant in (4) during
the whole evaporation process, and acn the level density
parameter for the parent compound nucleus. T is defined
at B¢y /1.5 to take effectively into account the decrease of
nuclear temperature in the evaporation process [17]. The
uncertainty of the definition of T in (4) leads to the shift
of the maxima of calculated excitation functions within
2 MeV at the E¢y considered. If the fission threshold By
of the final residual nucleus after the emission of x neu-
trons is less than the neutron separation energy of the
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same nucleus, we replace By, (x + 1) by By in the expres-
sion for A,yq [17].

In the case of the 1n evaporation channel we use the
following parameterization [14,15]

P (E¢y) = exp[—(Béy — Bn — 2T)%/(20%), (5)

which is consistent with our previous calculations of
Pi, [9,10]. Here, T = \/E¢y/acn is the temperature of
compound nucleus and ¢ = 2.5 MeV. Note that the direct
application of (4) to the 1n evaporation channel leads to
a Py, which is smaller by a factor of about 1.3.

The decay width of channel 7 is given in terms of the
probability Ren, of this process as [14,15,18-22]

I'i=——+ —"—. 6
2mp(Egn, J) ©)

The probability of evaporation of particle j (neutron, pro-
ton, a-particle)

Ein—B;
Rex, (Eon, J) = Z depa(Ecy — By — €, Ja)
Ja b
Ja+s J+S

IS

S=|Jq—s|1=|J—S|

(7)

can be calculated by using the separation energy B; of
particle j with spin s and the level density pq(E&y — Bj —
€, Jg) of the daughter nucleus. The transmission coefficient
Tji(€) through the barrier is calculated by using an optical
model potential [18].

The fission probability in the case of an one-hump bar-
rier of height B¢(E¢y) and curvature determined by fw
is given as

RCNf (E(*JNv J) =

EéN—Bf(EEN)

B (Egy) — €)de
Egn)/ ()]

pr(EEN —
1+ exp2n(e+ By (Efy) —

) (8)

where pf(E&y — Bf(Eén) — €) is the level density at
the saddle point. For all the nuclei considered, we take
hw = 2.2 MeV that is slightly larger than 1.0-1.5 MeV in
the actinides because the fission barrier becomes thinner
in accordance to the calculations in ref. [13]. The varia-
tion of Aw within 1.0 MeV has a very weak influence on
the value of Rgn; because at considered excitation ener-
gies the fission occurs above the barrier. Thus, in order to
find Wy, we have to fix the method of the calculation of
the level densities, and to determine the fission barriers
and B,,.
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3 Calculation of the level density
3.1 Fermi-gas model

In the simplest way the level density is calculated with the
Fermi-gas model [21] as

B 2J +1
T 240%al /A (B — 0)7/4

X exp {21/a(E’éN —9) — (J;‘l2/2)2} (9)

with 6% = 6m?y/a(E¢y — §)/m?. The pairing correction &
is set 6 = 0.7 ~ 12/\/2, 0 and —0.7 MeV for even-even,
odd, and odd-odd nuclei, respectively. The level den-
sity parameter a is proportional to the density of single-
particle states at the Fermi surface. The average projec-
tion of the angular momentum of these states is esti-
mated as m2 ~ 0.244%3. In the calculations with (9)
we take a = A/10 MeV~! for all considered nuclei with
Z > 102. In the level density ps on the fission barrier we
set ay = 1.02a, which is smaller than ay/a = 1.1 used in
refs. [9,10] for the 1n evaporation channel. For the analysis
of (2-4)n evaporation channels this value is more appro-
priate due to a stronger damping of shell corrections at
higher excitations energies. The value of ay/a is related
to the rate of the change of nuclear structure from the
ground state to the saddle point [17]. Since the absolute
value of the shell corrections at ground states in ref. [2] is
smaller than in refs. [11,12], we require a smaller value of
af/a in the present paper. The variation of the parame-
ters a and ay/a with the I, /I’y ratio was considered in
ref. [10]. For small excitation energies Ef&y < Uy = 2.2
MeV we use the model with constant temperature 1" [22].

The fission barrier By has the liquid-drop and micro-
scopical parts, BIJ?D and Bl}/[, respectively. The liquid-drop
part is calculated as in ref. [23] for all considered nuclei
except for the elements with Z = 103-105. For these nu-
clei we set By® =1 MeV. The value BY! = Wz — 6WJ
is related to the shell correction W2 of the nucleus with
mass number A at the ground state and the shell cor-
rection 5WS‘?i at the saddle point. Usually, one neglects
the shell correction at the saddle point, SW24 ~ 0 [24].
Thus, B;\/[ = Bl}/[(E(*jN =0) ~ \§W£(EEN = 0)|. The
same procedure of fixing the fission barrier was used in
refs. [7-10] for the calculations of Wy, with the predic-
tions of refs. [11,12]. Among the values, which are nec-
essary for calculating I'y, refs. [11,12] supply only (5Wg‘?.
Besides W} refs. [2,3] give the static fission barrier. To be
consistent with our previous calculations which apply the
nuclear properties of refs. [11,12], and being aware that
the characteristics of the nuclear ground state are usu-
ally more reliable for superheavy nuclei [25], we use the
procedure mentioned above for the determination of B}.

In the Fermi-gas model the dependence of the shell
effects on the nuclear excitation is effectively introduced
via the dependence of By on E&y with damping of the
microscopical part

By(E¢y) = By® + By (Eéy = 0) exp|-E¢y/Ep]. (10)

P(Ecn; J)
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In the calculations, we use the following expression for Ep
suggested in ref. [26]:

Ep = agA*3/a (11)
where oy = 0.4. Another method to take into account the
damping of the shell effects is using an energy-dependent
level density parameter [10], which is applied in the model
with collective enhancement (see next subsection). Both
methods are equivalent at an appropriate choice of the
damping factors [10].

3.2 Model with collective enhancement

Taking into account the pairing correlations, collective vi-
brations and rotations of nuclei, we write the level density
as [21,22]

p(Ean ']) = KVib(EéN)Krot(EéN)
« 2J +1
2420750t (Bt — Ec)™/4

xexp{Qm—%}» (12)

where Ki, and Ko are coefficients [21] increasing the
level density due to collective vibrations and rotations,
respectively. The definitions of Kyip, Krot, 0ef and of the
condensation energy F., which decreases the ground state
energy of the Fermi-gas by 1-3 MeV due to the corre-
lation interaction in the nuclei considered, are given in
refs. [10,21]. Since the dependence of the I, /I’y ratios on
the quadruple deformation parameters 35" at the ground
state is rather weak for the nuclei considered, as it was
shown in ref. [10], we set the same value of 35" = 0.2 for
all nuclei considered. That is consistent with the results
of ref. [2]. The deformation parameter at the saddle point
is determined through the deformation parameter at the
ground state: B3¢ ~ 85" + 0.2 = 0.4. To describe odd-
even effects one can use an effective condensation energy
E. ot = E.— 6. For small excitation energies, the thermo-
dynamical functions for the calculation of the level density
can be found by using the superliquid model [21].

In order to take the dependence of the shell effects on
E¢ into account, one can use a level density parameter
a depending on excitation energy [21,22] as follows:

a=a(A)
1 — exp{—(Etn — Ee)/Ep
Ein — Ec

X [1+ }5W;(E5N=()) :

(13)

where the asymptotic level density parameter a(A) is set
as [22]

a(A) = 0.1144 4 0.162A42/3. (14)

The damping parameter EY is determined by eq. (11) with
«g = 0.5. This choice of ag leads to results closest to the
results obtained with the Fermi-gas approach described
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above. A possible variation of the parameters «y and a(A)
and its influence on final results are discussed in ref. [10].
In the model with collective enhancement the damping
of the shell effects has been already taken into account
in the level density parameter. Therefore, a damping fac-
tor in the microscopical part of fission barrier is no more
required, and

By = B + By (E¢y = 0). (15)

4 Results and discussion

For the calculation of the decay widths we used the sta-
tistical code GROGIF [18-20]. Since ogr can be factor-
ized into three factors in (1) with Wy (Edy, J = 0) re-
duced to zero angular momentum [7], the calculations of
the survival probability were done for J=0 only. The de-
pendence on J is effectively taken into account in o [7,26].
The factorization (1) holds good if the partial waves with
J < 10-15 have the largest contributions to the evapora-
tion residue cross-section. The last is true for superheavy
nuclei due to the sharp decrease of Wy, with increasing J.

The calculations of Wy, are carried out in the Fermi-
gas model with (9), a = A/10 MeV~!, and fission barriers
(10) and in the model accounting the collective enhance-
ment of the level density with (12), (13), (14), and fission
barriers (15). The recent theoretical predictions for neu-
tron separation energies [1,4] and shell corrections [2] are
used. The capture cross-sections o. are calculated as in
refs. [7,8], where the values of Poy are presented as well.

We calculated the survival probabilities Wy, as func-
tions of E¢y for xn evaporation channels (z > 1). Since
in 298Pb- and 2°Bi-based reactions with excitation ener-
gies iy > 20 MeV, the capture cross-section o, depends
weakly on E¢y and the function Pon(E¢y) is not steep,
one can conclude that the positions of the maxima of ex-
citation functions are close to those of the survival proba-
bilities. The energy dependence of Wy, is determined by

the energy dependencies of the factors [](I,/I); and
i=1

P, in eq. (3). In fig. 1 these two factors and Pcn are
presented as functions of Efy for 2n and 3n evaporation
channels for the compound nucleus 262106 produced in the
54Cr 4 208PD reaction.

4.1 Production of nobelium isotopes

Production cross-sections and excitation functions of dif-
ferent isotopes of No have been measured in the reactions
48(Ca + 204:206,208p}, in different experiments [27-30]. For
these reactions the internal fusion barrier and the quasifis-
sion barrier are practically equal to each other. Therefore,
the probability of complete fusion Pcy is approximately
0.5 and the evaporation residue cross-sections are mainly
determined by the survival probabilities for the 2n, 3n
and 4n evaporation channels. The 1n evaporation channel
partially lies in the sub-barrier region that is taken into
account in the capture cross-section o.. For the reactions
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Fig. 1. The calculated Pyp, [[ (I'n/I'f): and Pon as functions

i=1
of E¢y for 2n and 3n evaporation channels for the compound

nucleus 2621069; The solid and dashed curves show the results

obtained for [[([»/If); with the Fermi-gas model and with
i=1

the model accounting a collective enhancement of the level

density, respectively.

48Ca 4 208Pb and “8Ca + 2°6Pb the calculated Coulomb
barriers are 171.35 MeV and 171.67 MeV respectively, and
the frequencies of inverted oscillators fitting the barriers
near their tops result in 2.5 MeV.

The experimental values and the results of our calcu-
lations are shown in figs. 2-4. The error bars represent the
statistical uncertainties. Comparing the results of various
measurements shown in fig. 2, we conclude that the sys-
tematic uncertainty in the definition of ogg is up to a
factor of 3. The systematic uncertainty in the definition
of excitation energy is about 1.7 MeV in ref. [28]. Taking
the experimental uncertainties and the differences between
various measurements into account, the calculated values
of ogr are in a good agreement with the experimental
data for the most of evaporation channels, especially near
the maxima of excitation functions. The calculated values
of oggr in figs. 2-4 were obtained with the same set of pa-
rameters for all nobelium isotopes and without a specific
modification of BJI:D, like in ref. [27].

In the “8Ca+ 2%Pb reaction (fig. 3) the deviation
of the experimental points from the tails of calculated
excitation functions on the right-hand side could be
partly related to contaminations with heavier isotopes
in the 2%Pb target. For example, this target contains
about 2% of 207Pb. The contribution from the reaction
207ph(48Ca, 2n)?53No into the experimental evaporation
residue cross-section of 2°3No is about 30 nb at excitation
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Fig. 2. Measured and calculated excitation functions for zn
evaporation channels in the *Ca + 2°8Pb reaction. The exper-
imental data from refs. [27-29] and [30] are presented by circles,
squares, triangles and diamonds, respectively. The solid sym-
bols correspond to the 1n and 2n channels. The open symbols
correspond to the 3n and 4n channels. The solid and dashed
curves show the results obtained with the Fermi-gas model and
with the model accounting a collective enhancement of the level
density, respectively.

energies of 23-25 MeV. One should note the attempts to
regard contributions from target contaminations in exper-
imental studies [28], but it is difficult to make it very pre-
cise due to the systematic uncertainties of the measure-
ments of the excitation functions in reactions with differ-
ent Pb targets.

Since in refs. [27,28] the evaporation residues were
identified by the spontaneous fission activity, the spon-
taneous fission from different states of the same no-
belium isotope hinders the resolution of different evap-
oration channels in some cases. For example, the ex-
perimental point shown in fig. 4 by an open circle at
E¢x = 23.8 MeV was related to the 2°Pb(*8Ca, 3n)?*"No
reaction in ref. [27]. However, one can not exclude that this
point belongs to the 204Pb(*¥Ca, 2n)?°°No reaction [27].
For B¢y = 20-26 MeV, the spontaneous fission from two
different states of 2°°No can create two spontaneous fission
activities related to the solid and open symbols in fig. 4,
respectively.
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Fig. 3. The same as in fig. 2, but for the reaction
“8Ca 4 29Ph. The experimental data from refs. [27] and [28]
are presented by circles and squares, respectively.
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16 20 24 28 32 36 40 44
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Fig. 4. The same as in fig. 2, but for the reaction
*8Ca + ?"*Pb. The experimental data from refs. [27] and [28]
are presented by circles and squares, respectively.
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Fig. 5. The evaporation residue cross-sections in the 1n evap-
oration channel for the cold fusion 2°*Pb- and 2°°Bi-based re-
actions leading to the compound nuclei with Z = 104-109.
The results obtained with the Fermi-gas model and with the
model accounting a collective enhancement of the level density
are presented by solid squares and circles, respectively. The
predictions of nuclear properties of refs. [1,2] are used. The
results of ref. [9] obtained with the Fermi-gas model and the
predictions of ref. [11] are presented by open diamonds for com-
parison. The experimental data [31] are given by open circles
with error bars.

4.2 Production of isotopes with Z = 103-109 in
208pp- and 209Bi-based reactions

The measured [31] and calculated evaporation residue
cross-sections in the 1n evaporation channel for the cold
fusion 2°Pb- and 2°9Bi-based reactions leading to com-
pound nuclei with Z = 104-109 are shown in fig. 5. The
values of excitation energies of each compound nucleus
correspond to the maxima of excitation functions [8,31].
The probabilities of complete fusion Pcyn are taken from
ref. [8] for calculating o, with eq. (1). The calculations of
survival probabilities are carried out with the theoretical
predictions of nuclear properties given in refs. [1,2]. From
the analysis of fig. 5 one can conclude for the 1n evap-
oration channel that the results for o1, do not strongly
depend on the methods of calculations of the level den-
sity; the maximal difference for Z = 108 is about a factor
of 2. The values of ogr obtained with the predictions of
refs. [1,2] are close to those obtained with the structure
predictions of ref. [11] for all considered nuclei except for
Z =107 and Z = 109. The agreement of our results with
the experimental data is within a factor of 3, whereas the
systematic uncertainty of the experimental cross-sections
is within a factor of 2. The strong decrease of ogr with
increasing Z is mainly determined by the decrease of the
fusion probability Pon, as Wy, varies much slower from
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Fig. 6. The calculated maxima of survival probabilities for 2n
(circles) and 3n (squares) evaporation channels as a function
of the charge number of the compound nucleus. The open and
solid symbols show the results obtained with the Fermi-gas

model and with the model accounting a collective enhancement
of the level density, respectively.

the maximal value 3.1x107% for 2°Rf to the minimal one
7.9%x107° for 267Ms¢.

The maxima of survival probabilities for the 2n and
3n evaporation channels for isotopes with Z = 103-109
are shown in fig. 6. They were calculated with the struc-
ture predictions of refs. [1,2]. The survival probabilities
decrease with increasing Z in the considered interval both
in 2n and 3n evaporation channels, except for a local max-
imum at Z = 108, which reflects the approaching to the
N = 162 shell closure. The results for the 2n channel
obtained with the Fermi-gas model are close to those ob-
tained with the collective enhancement model for even-
even nuclei, but differ up to a factor of 5 for odd nuclei.
The values of Wy, in the 3n channel obtained with the
collective enhancement model are larger than those ob-
tained with the Fermi-gas model for even-even nuclei, and
smaller for odd nuclei. In the model with collective en-
hancement the odd-even effects have a stronger influence
on the final results, since the level density parameters are
energy dependent in this model and the odd-even effects
are included in this dependence. Note that the difference
between the results obtained with the Fermi-gas and col-
lective enhancement models is not so large if one applies
the structure predictions of ref. [11]. For example, one gets
a difference of about a factor of 3 for the 2n evaporation
channel at Z = 107.

The evaporated residue cross-sections calculated with
the survival probabilities presented in fig. 6 are listed in
table 1. The probabilities of complete fusion Pcy are taken
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exp

Table 1. Experimental [31] opg
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and theoretical oy evaporation residue cross-sections for 2n and 3n evaporation channels for

heavy-ion reactions at the indicated excitation energy E&y. The results were obtained with the survival probabilities calculated
with the Fermi-gas model (fermi) and with the model accounting a collective enhancement (coll).

Reactions Ein ot otk omR

(MeV) | (fermi) (coll)

18Ca + 2%9Bi — 255103 + 2n 20 0.5 ub | 0.15 pb

BCa+ 2Bi — °*103+3n | 30.5 25 nb 14 nb

S0y 4 298Ph — 256104 4+ 2n | 215 44nb | 44nb | 1857142 nb

50T 4 208Ph — 255104 +3n | 29.5 23nb | 45nb | 09937031 nb

0T+ 29Bi — #7105+ 2n | 21.9 1.7nb | 0.6 nb 2.4703 nb

50T 4 209Bj — 256105 4 3 31 150 pb | 70 pb 190745 pb

P4Cr + 2%Pb — 290106 + 2n 22 0.27nb | 0.16 nb | 0.5700% nb

54Cr 4 29%ph — 29106 + 3n 32 27 pb 41 pb 1072% pb

%4Cr 4 29Bj — 261107 4 2n 22 14.5pb | 3pb

54Cr 4 299Bj — 269107 4 3n 32 3.2pb | 0.8pb

58Fe 4 208ph — 264108 +2n | 20.5 4.7pb | 51pb | 454757 pb

58Fe 4 208pp — 263108 + 3n 32 0.96 pb | 1.5 pb

%8Fe 4 209Bj — 265109 4 2n 22 5 pb 1.2 pb

from ref. [8] in this calculation. The available experimental
values of ogr [31] are presented as well. These values are
in a good agreement with our results. The differences be-
tween the results obtained with the Fermi-gas model and
the collective enhancement model correspond to the dif-
ferences between Wy, in fig. 6. The predicted production
cross-sections of 261Bh, 269Bh, 263Hs and 26"Mt are quite
large and favourable for the synthesis of these isotopes in
the experiment.

4.3 Production of isotopes of the Z = 116 nucleus in
actinide-based reactions

In the hot fusion reactions 48Ca + 24%248Cm the yield of
the element 116 is expected for E¢y > 30 MeV which
corresponds to Fgp,. supplying the capture at all rela-
tive orientations of the spherical projectile and deformed
targets. Let us compare the cross-section o3, in the reac-
tion *8Ca + 2°Cm — 2°°116 4 3n (Pox = 6 x 107%) at
E&n = 30 MeV with the cross-section o4, in the reaction
BCa+ 8Cm — 292116 +4n (Pon = 107%) at Efy =
36 MeV. These cross-sections are maximal at the energies
indicated. Due to a smaller Q-value, the 3n evaporation
channel gets some preference in the **Ca + 24°Cm reac-
tion. For the first reaction we calculate Wiy, = 4 x 1079,
for the second one Wy = 3 x 1075. Thus, we get
O3n/04n ~ 8. Almost the same ratio was obtained in
ref. [32] by using the predictions of nuclear properties
of ref. [11]. Thus, with the predictions of ref. [4] one
can expect the same isotopic trends in oggr as we found
in ref. [32] with the predictions of refs. [11,12,24]. Also
we showed for 48Ca-induced hot fusion-evaporation reac-
tions [32] that the actinide targets with smaller neutron
excess within certain intervals are more favorable than
those with larger neutron excess.

5 Summary

The survival probability of superheavy nuclei is analyzed
by using various methods of the calculation of level den-
sity and recent theoretical predictions of neutron sepa-
ration energies and shell corrections from refs. [1,2,4].
Evaporation residue cross-sections were obtained for
different superheavy nuclei produced in the reactions
48(a 4 204,206,208ph and 50Ty, 54Cr, 58Fe + 208Ph, 209B;,
These calculations show that the superheavy nuclei 26'Bh,
260Bh, 263Hs and 26°Mt could be produced with quite large
cross-sections. The calculated and measured values are in
a good agreement without any additional adjustments of
parameters. The choice of level density parameter a and
ay/a ratio in the Fermi-gas model, asymptotic level densi-
ties in the model with collective enhancement and damp-
ing in both models is the most crucial for the final results.
The impact of this choice on the final results was car-
ried out in ref. [10]. We would stress that the used set of
parameters is fixed for all the nuclei considered in this pa-
per and their variation leads to the scale of all calculated
evaporation residue cross-sections.

For the 1n evaporation channel, the results obtained
with various methods of the calculation of the level den-
sity and with the theoretical predictions of refs. [1,2] are
close to the results applying the theoretical predictions of
ref. [11]. For the an evaporation channels, the two consid-
ered methods of the calculation of the level density lead
to similar values of Wy, for the most nuclei considered.
Since the treatment with the Fermi-gas model is simpler
and contains a smaller number of parameters, it can be
efficiently used for calculating Wy, .

Taking the nucleus Z 116 as an example, we
found the same isotopic trends in ogg for the hot fusion
actinide-based reactions with **Ca beam with using the
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predictions of the nuclear properties from refs. [1-4] as it
was demonstrated in ref. [32] with the structure predic-
tions of refs. [11,12,24].
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