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Quasifission barrier of heavy ion fusion reactions leading
to the formation of the superheavy nucleus 302120

P. S. Damodara Gupta,1,2 N. Sowmya ,1,* H. C. Manjunatha,1,† L. Seenappa ,1 and T. Ganesh 2

1Department of Physics, Government College for Women, Kolar 563101, Karnataka, India
2Department of Physics, Rajah Serfoji Government College, Thanjavur 613005, Tiruchirappalli, Tamil Nadu, India

affiliated to Bharathidasan University, Tiruchirappalli, Tamil Nadu, India

(Received 20 July 2022; accepted 26 October 2022; published 9 December 2022)

We study the quasifission barriers of different fusion reactions leading to synthesis of the superheavy element
Z = 120 using the dinuclear system approach. In particular, the influence of the projectile-target orientation and
angular momentum on quasifission barriers has been investigated. The quasifission barrier height is observed
to be maximum when the angle of orientation of projectile-target is about 90◦ (tip-tip orientation). The role
of entrance channel effects on quasifission barriers is investigated, and also suggested are suitable empirical
formulas for the same. The striking results leading to larger quasifission barriers, whose cross sections are >10
fb, are also mentioned. As a result, the current research might be valuable in developing corrective techniques
for future experimental attempts to synthesize superheavy nuclei with Z = 120.
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I. INTRODUCTION

The competing quasifission process greatly hampers the
synthesis of superheavy elements (SHEs) by the fusion of two
massive nuclei; i.e., it hinders the heavy ion fusion by break-
ing into two fragments within zeptoseconds. The formation
of compound nuclei is a structural dependence of both the
projectile and target nuclei. As a result, quasifission causes
fusion hindrance during the formation of heavy nuclei [1]. It is
also evident from the literature [2,3] that “side-side” collisions
lead mainly to fusion-fission whereas “tip-tip” collisions lead
to a quasifissionprocess. The dynamics of heavy ion collisions
show that complete fusion does not occur near Coulomb bar-
rier energies [4–6]. The fission of a dinuclear configuration
that does not result in the production of a compound nucleus is
known as quasifission. It spans the gap between deep-inelastic
collisions, in which the reaction partners collide and exchange
numerous particles without affecting their average mass and
charge. When the compound nucleus is produced, the reaction
partners lose their identities in the fusion process.

The superheavy elements with atomic number Z � Rf are
not abundant in nature. These elements were synthesized us-
ing cold and hot fusion reactions. The cold fusion reactions
are associated lead and bismuth targets with low excitation
energy (10 to 20 MeV) [7,8]. However, hot fusion reactions
involve 48Ca projectiles on actinide targets [9–11]. Many
fusion reactions were attempted after the synthesis of SHE
oganesson. Reactions such as 54Sc + 249Cf, 50Ti + 249Bk,
51V + 248Cm, 54Cr + 243Am, 55Mn + 244Pu, 58Fe + 237Np, and
59Co + 238U were experimentally attempted in order to
synthesize the superheavy element Z = 119 [12,13]. Sim-

*Corresponding author: sowmyaprakash8@gmail.com
†Corresponding author: manjunathhc@rediffmail.com

ilarly, many theoretical studies focus on the prediction
of superheavy element Z = 119 [14–19] using the din-
uclear system (DNS), an advanced statistical model, the
dinuclear system model with a dynamical potential energy
surface, and modified diffusion models. Similarly, experimen-
tal and theoretical attempts were carried out to synthesize
the superheavy element Z = 120 using different projectile-
target combinations such as 50Ti + 249Cf, 51V + 249Bk,
54Cr + 248Cm, 55Mn + 243Am, 58Fe + 244Pu, 59Co + 237Np,
and 64Ni + 238U [12,13,20–22].

The formation of superheavy nuclei requires a precise
balancing act. On one side, low Ex reduces fission competi-
tion, which may be achieved by utilizing heavier projectiles.
On the other hand, by reducing the charge product of the
two colliding nuclei, quasifission should be minimized (and
therefore PCN maximized) [23]. It is hard to see the differ-
ence between fission events from fused compound nuclei and
so-called quasifission events from a dinuclear system within
experiments. As a result, quantitative comparisons with the-
oretical estimates may not be possible using experimental
fusion cross sections. Full momentum transfer was observed
for the fusion reaction 30Si + 238U at bombardment energies
near the Coulomb barrier [24].

The analysis shows that mass distributions were Gaussian
with mass symmetry at energies above the Bass barrier. At
sub-barrier energies, an asymmetric fission channel is ob-
served, implying competition between fusion and quasifission
based on the evaporation residue (ER) cross section produced
in the fusion reaction 30Si + 238U. This suggests that quasi-
fission is also responsible for the asymmetric channel [24].
The experimental measurement of the fragments’ mass-angle
correlations in 40Ca + 238U was combined with microscopic
quantum computations. An unanticipated interaction is ob-
served between the prolate deformed 238U orientation and
quantum shell effects in the fragments. Interpretations reveal
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that only collisions with the tip of 238U yield quasifission
fragments in the magical area (Z = 82), whereas collisions
with the side result in fusion [25]. Experimental results have
demonstrated that if the beam energy is reduced from above-
barrier to sub-barrier levels, a change from symmetric to
asymmetric mass distributions is observed [26]. The produc-
tion cross sections were predicted using different projectiles
with actinide targets by considering the role of entrance chan-
nel parameters [27–35].

Adamian et al. [36] evaluated mean-field potentials us-
ing HFB calculations and also predicted production cross
sections in the superheavy element region from Cn to
Z = 120. Previous researchers [37] predicted production cross
sections for superheavy nuclei from 119 to 122 by includ-
ing orientation effects using a Monte Carlo–assisted DNS
model. The production cross section for the fusion reac-
tion 54Cr + 243Am leading to formation of superheavy nuclei
Z = 119 was studied using KEWPIE statistical code and the
DNS model [38]. Adamian et al. [39] studied fusion reactions
such as 50Ti + 249Bk and 51V + 248Cm for the formation of su-
perheavy nuclei Z = 119 using the DNS model. Adamian and
Antonenko [40] predicted optimal reactions to synthesize su-
perheavy elements Z = 119 and 120. The fusion-evaporation
and multinucleon transfer (MNT) approaches were included
in the investigation of fusion reactions such as 48Ca + 238U
within the DNS model [41]. Apart from the above results,
some other researchers also studied fusion reactions to syn-
thesize superheavy nuclei using the DNS model [42–44].

Hence in this article we study the role of the angle of
orientation of the projectile-target combination, deformations,
entrance channel parameters such as the Coulomb interaction
parameter, mean fissility, charge asymmetry, mass asymme-
try, isospin asymmetry, and charge product. As a result, we
thus focus on the hindrance of the formation of superheavy
elements by the study of quasifission barriers on different
projectile-target combinations. The present paper is organized
as follows; The evaluation of the quasifission barrier and angle
of orientation on different projectile-target combinations and
the role of entrance channel effects on the projectile-target
combinations are presented in Sec. II. A detailed analysis of
the present work is furnished in Sec. III. The conclusions
drawn from the present work are given in Sec. IV.

II. THEORETICAL FRAMEWORK

Within the dinuclear system model, the quasifission barrier
Bq f (Z, A, �, αi ) [45] is expressed as

Bq f (Z, A, l ) = V (Rb, Z, A, β21, β22, l, αi )

− V (Rm, Z, A, β21, β22, l, αi ). (1)

Here � is the angular momentum, and the nucleus-nucleus
potential is minimum at distance R = Rm and it is evaluated as
explained in detail in the literature [45]. Over the quasifission
barrier, the local temperature of the dinuclear system is given
by

�DNS (Z, A) =
√(EDNS − Bq f

a

)
. (2)

FIG. 1. (a) A plot of the nucleus-nucleus interaction potential
using the DNS approach for the fusion reactions 65Zn + 237Th and
(b) 84Kr + 218Po which lead to compound nucleus 302120, as a func-
tion of separation distance R between centers of DNS fragments.

The EDNS = Ecm − V (Rm) is the excitation energy of the
dinuclear system and Ecm is the center-of-mass energy. The
nucleus-nucleus interaction potential of the dinuclear system
is given by

V (R, Z1, Z2, β2i, l, αi )

= Vc(R, Z1, Z2, β2i, αi )

+ VN (R, Z1, Z2, β2i, αi ) + Vrot (l, β2i ). (3)

Here Coulomb, nuclear, and rotational potentials are denoted
by VC , VN , and Vrot , and they are evaluated as explained in the
Refs. [45,46]. The driving potential is evaluated as

U (Z, A, R, αi ) = V (R, Z1, Z2, β2i, l, αi ) − Q, (4)

and Q is the mass excess energy given by

Q = B1(Z1) + B2(Z2) − BCN (ZCN ), (5)

where B1(Z1) and B2(Z2) are the binding energies of the
fragments in the DNS at their ground states and BCN (ZCN )
is the binding energy of the compound nucleus; they are taken
from [47].

III. RESULTS AND DISCUSSIONS

Around 90 different projectile-target combinations were
analyzed for the synthesis of superheavy element 302120. Us-
ing DNS approach, quasifission barriers of all these different
projectile-target combinations were evaluated as explained in
the theory section. The role of the angle of orientation of
the projectile-target combination was involved in the eval-
uation of Coulomb potential [45,46]. The nucleus-nucleus
potential evaluated for the fusion reactions 65Zn + 237Th and
84Kr + 218Po as a function of separation distance R between
centers of DNS fragments is depicted in Fig. 1. The term
Rm = 12.75 fm is the distance at which the potential is
found to be minimum and Rb = 14.25 fm is the distance
at which the potential is maximum for the fusion reaction
65Zn + 237Th. The mass and charge asymmetries for the fusion
reaction 65Zn + 237Th are about 0.57 and 0.75 respectively.
The quasifission barrier for 65Zn + 237Th is found to be 9.2
MeV, as seen in Fig. 1(a). Similarly, for the fusion reaction
84Kr + 218Po the turning points are found to be Rm = 13.44 fm
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FIG. 2. (a) Variation of the quasifission barrier (Bq f ) as function
of target orientation angle (α2), keeping the projectile orientation
angle at zero (α1 = 0). (b) Variation of quasifission barrier (Bq f )
as function of projectile orientation angle (α1), keeping the target
orientation angle at zero (α2 = 0).

and RB = 13.94 fm and the quasifission barrier has been
established as Bq f = 0.34 MeV, which is clearly shown in
Fig. 1(b). The mass and charge asymmetries of the fusion
reaction 84Kr + 218Po are 0.53 and 0.7 respectively. Hence,
detailed analysis shows that the quasifission barrier is larger
for 65Zn + 237Th when compared to 84Kr + 218Po. A thor-
ough examination shows that the quasifission barrier is larger
when mass and charge asymmetries are found to be maxi-
mum, as seen in the case of 65Zn + 237Th when compared
to 84Kr + 218Po. Accordingly, when the quasifission barriers
are maximum then the probability of the formation of com-
pound nuclei will be more. In addition to mass and charge
asymmetries, the orientation angle also plays a major role
in the formation of superheavy elements. Larger values of
quasifission barrier are analyzed by keeping the projectile
orientation angle at zero (α1 = 0) and varying the target ori-
entation angle, as seen in Fig. 2(a). The quasifission barrier
increases with respect to the angle of orientation of the target
nuclei, and reaches a maximum value when α2 = 90◦, and
then the quasifission barrier decreases with an increase in the
target’s orientation angle. Similar results were also observed
when the target orientation angle was kept at zero (α1 = 0)
by varying the projectile’s orientation angle [see Fig. 2(b)].
Hence, it is inferred from both the figures that the quasifission
barriers are maximum when the projectile’s and target’s angle
of orientation is α1/α2 = 90◦. In the latter case, we simul-
taneously varied projectile’s and target’s angle of orientation
as specified in Fig. 3. The orange and yellow color specifies
projectile and target orientation angles. The angle of orienta-
tion varies between 0◦ and 90◦. The maximum value of the
quasifission barrier is observed when the collision between
a projectile-target combination is found to be 90◦-90◦, i.e.,
for tip-tip collisions, and Bq f is minimum when the angle of
orientation is 0◦-0◦, i.e., for side-side collisions.

A. Deformation and entrance channel effects
on projectile-target combinations

In the synthesis of compound nuclei, entrance chan-
nel parameters such as Coulomb interaction parameter (z =

Z1Z2

A1/3
1 +A1/3

2

), mean fissility (χm = 0.25χCN + 0.75χe f f ), mass

FIG. 3. Variation of quasifission barrier (Bq f ) as function of vary-
ing projectile and target orientation angle.

asymmetry (ηA = A1−A2
A1+A2

), charge asymmetry (αz = Z1−Z2
Z1+Z2

),
isospin asymmetry [�(N/Z )], and charge product (Z1Z2) play
a significant role [34]. A systematic analysis of the quasifis-
sion barrier using different projectile-target combinations and
entrance channel parameters is carried out. The literature also
shows that deformations of the projectile and target play a key
role in the production of compound nuclei [34,48–50]. Hence,
in the present investigations, we have considered three cases,
in which projectile-target combinations were categorized as
(a) oblate projectile (β2P < 0) and prolate target (β2T > 0),
(b) prolate projectile and target (β2P > 0, β2T > 0) nuclei, and
(c) spherical projectile (β2P = 0) and prolatetarget (β2T > 0).
Since we have investigated all possible combinations of pro-
jectile and target, we have not identified any target other than
prolate. But for the projectile, we noticed all the three cases
β < 0, β = 0, and β > 0. For the first case, we have identi-
fied 25 projectile-target combinations with β2P < 0, β2T > 0.
Further, we noticed a maximum of 50 projectile-target com-
binations with β2P > 0, β2T > 0, and in the third case around
15 projectile-target combinations are recognized with β2P =
0, β2T > 0.

1. Case I: β2P < 0 and β2T > 0

Figure 4 shows the variation of Bq f as a function of
entrance channel parameters for the projectile-target com-
binations with β2P < 0, β2T > 0. Figure 4(a) shows a plot
of the quasifission barrier as a function of the Coulomb in-
teraction parameter (z). The value of Bq f increases with an
increase in z. Since there is a systematic variation of Bq f

as a function of z, we tried to fit empirical formulas for
the same. We tried many functions such as B1z + B2z2 +
B3, B1z + B2z/(z − B3), B1 ln(z − B2) + B3, B1z + B2 +
B3/z, B1 expB2 /[z − B3 ln(z)], zB1 expB2−B3 , B1 ln(z) + B2,

1
B1 ln(z)+B2

, and also the polynomial function B0 + B1z +
B2z2 + B3z3 + B4z4. Here B1, B2, B3, and B4 are the fit-
ting constants. Among the functions analyzed, we chose an
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FIG. 4. Variation of quasifission barrier (Bq f ) for tip-tip collision
as function of (a) Coulomb interaction parameter, (b) mean fissility,
(c) charge asymmetry, (d) mass asymmetry, (d) isospin asymmetry,
and (e) charge product when the projectile is oblate (β2P < 0) and
the target is prolate (β2T > 0).

equation that maximizes the coefficient of determination (R2)
and minimizes the residual sum of squares (RSS). Among the
studied equations, we have considered the third-order polyno-
mial equation whose residual sum of squares is nearly equal
to 1. Finally, the constructed equation for Bq f as a function of
z is

Bq f =
3∑

i=0

δix
i, (6)

where the value of δi is the fitting constant, i.e., i varies
between 0 to 3, and x corresponds to the Coulomb interac-
tion parameter (z). Similarly, we have observed an increase
in Bq f as a function of χm and Z1Z2 as seen in Figs. 4(d)
and 4(f). Furthermore, Bq f decreases with increase in αz and
ηA [Figs. 4(b) and 4(e)]. However, no systematic variation is
observed in the case of isospin asymmetry shown in Fig. 4(c).
A detailed analysis of the figure shows a larger coefficient of
determination when R2 = 0.66 in the case of Bq f as a function
of χm. A suitable function used to fit the quasifission barrier
as a function of χm is given by Eq. (6) where x = χm. The
coefficients of fitting constants which vary between i = 0 and
3 are tabulated in Table I.

2. Case II: β2P > 0 and β2T > 0

Second, we have considered the case of projectile and
target being prolate (β2P,2T > 0), in which the quasifission
barriers are studied as a function of entrance channel pa-
rameters as seen in Fig. 5. In this case, we have observed a
decrease in quasifission barriers with respect to z, χm, and
charge product Z1Z2 as seen in Figs. 5(a), 5(b), and 5(f).
On the other hand, the quasifission barrier increases with
charge and mass asymmetry as seen in Figs. 5(b) and 5(e)

TABLE I. Tabulation of fitting constants of quasifission barrier
as a function of χm and z.

TOR Parameter δ0 δ1 δ2 δ3

β2P < 0
χm 6690.82 −22 106.4 24 307.18 −8888.36

β2T > 0
β2P > 0

z −76.29 1.0034 −0.0039 4.69 × 10−6

β2T > 0
β2P = 0

χm 1936.72 −6468.88 7253.61 −2724.69
β2T > 0

respectively. Similarly to the earlier case, here we have not
observed any systematic variation of Bq f as a function of
isospin asymmetry [see Fig. 5(c)]. The detailed investigations
show a larger coefficient of determination when R2 = 0.989
for Bq f as a function of z. A suitable function used to fit the
quasifission barrier as a function of z is given in Eq. (6) where
x = z. The coefficients are tabulated in Table I.

3. Case III: β2P = 0 and β2T > 0

Finally, we have considered the case in which the projectile
is spherical (β2P = 0) and the target is prolate (β2P > 0) as
seen in Figs. 6(a)–(f). Here also we have observed a decrease
in Bq f with respect to z, χm, �(N/Z ), and Z1Z2, which is
shown in Figs. 6(a), 6(b), 6(c), and 6(f). In contrast, the
increment of Bq f is observed with respect to αz and ηA as
seen in Figs. 6(b) and 6(e). Further analysis reveals a higher
coefficient of determination (R2 = 0.99) for Bq f as a function
of χm. The appropriate function for fitting the quasifission

FIG. 5. Variation of quasifission barrier (Bq f ) for tip-tip collision
as function of (a) Coulomb interaction parameter, (b) mean fissility,
(c) charge asymmetry, (d) mass asymmetry, (d) isospin asymmetry,
and (e) charge product when the projectile and target are prolate
(β2P,2T > 0).
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FIG. 6. Variation of quasifission barrier (Bq f ) for tip-tip collision
as function of (a) Coulomb interaction parameter, (b) mean fissility,
(c) charge asymmetry, (d) mass asymmetry, (d) isospin asymmetry,
and (e) charge product when the projectile is spherical (β2P = 0) and
the target is prolate (β2T > 0).

barrier as a function of χm is provided by Eq. (6) where
x = χm. The coefficients are listed in Table I. The effects
of quadrupole deformation of projectile and target on quasi-
fission barriers were studied. Figures 7(a) and 7(b) show the
plot of quasifission barrier as function of projectile and target
quadrupole deformation. The analysis of Bq f as a function of
β2p shows that there is no systematic variation of quasifission
barriers with the projectile’s quadrupole deformation. How-
ever, a well-organized pattern is observed in the case of target
quadrupole deformation. An increase in the quasifission bar-
rier is observed with an increase in quadrupole deformation
of the target. The possibility of the formation of compound
nuclei will precisely depend on the quasifission barrier. Con-
sequently, the larger quasifission barrier leads to the formation
of compound nuclei in sequence with the target’s quadrupole
deformation factor.

FIG. 7. Variation of quasifission barrier as function of (a) projec-
tile quadrupole deformation and (b) target quadrupole deformation.

B. Role of angular momentum on quasifission barrier

As an example, the effect on quasifission barrier from
angular momentum is presented in Fig. 8 for the fusion re-
actions 58Fe + 244Pu, 50Ti + 252Cf, and 53V + 249Bk. A large
quasifission barrier height is observed for the fusion reaction
50Ti + 252Cf, for which ηA = 0.67, and smaller in the case
of 58Fe + 244Pu (ηA = 0.615). In each fusion reaction, it is
noticed that the value of the quasifission barrier decreases with
an increase in angular momentum. The smaller quasifission
barrier at higher angular momentum (� = 60h̄) decreases the
lifetime of formed compound nuclei and vice versa. The fig-
ure elucidates the larger quasifission barrier height of about
6.28MeV in the case of 50Ti + 252Cf at zero angular mo-
mentum. Hence, among the studied fusion reactions, a larger
probability of the formation of compound nuclei may be ob-
served for 50Ti + 252Cf when compared to the other two fusion
reactions. In the subsequent analysis, we studied quasifission
barrier height and evaporation residue cross sections. In this
regard, among the 90 different fusion reactions studied, we
considered the top nine fusion reactions with larger quasi-
fission barrier height. The extracted values of Bq f of these
fusion reactions are Tabulated in Table II. The production
cross sections are predicted using survival probability [51],
PCN [52], and Pxn using a set of equations available in lit-
erature [33]. 
n/
 f is evaluated using recent studies [53],

TABLE II. Tabulation of fusion reaction, beam intensity (BI), evaporation channel, mass asymmetry, quadrupole deformation of projectile-
target nuclei, fusion barrier height, center-of-mass energy, quasifission barrier, and evaporation residue cross sections.

BI VB Ecm Bq f σevr

Reaction (pps) n ηA β2P β2T (MeV) (MeV) (MeV) (fb) Remark

50Ti(stbl.)+252Cf(2.64 yr) 1.135 × 1010 3 0.67 0 0.236 221.5 223 6.28 49
53V(1.5 m)+249Bk(330 d) 1.09 × 1010 3 0.65 0 0.235 240.36 229 5.92 40 Case III
54Cr(stbl.)+248Cm(3.48×105 yr) 1.04 × 1010 3 0.64 0.18 0.235 235.9 236 5.21 34
58Fe(stbl.)+244Pu(8.13×107 yr) 9.6 × 109 3 0.62 0.199 0.224 263.41 249 4.38 38
63Cu(stbl.)+239Pa(1.8 h) 8.65 × 109 3 0.59 0162 0.224 268.54 260 3.23 19
70Zn(stbl.)+232Th(stbl.) 8.32 × 109 3 0.57 0.045 0.207 272.34 281 2.93 16
80Se(stbl.)+222Rn(3.82 d) 7.34 × 109 3 0.47 0.15 0.137 292.97 309 1.39 13 Case II
74Ge(stbl.)+228Ra(5.75 yr) 7.81 × 109 3 0.51 −0.224 0.18 283.41 240 5.63 36
64Ni(stbl.)+238U(4.46 × 109 yr) 8.91 × 109 3 0.57 −0.087 0.215 261.25 267 4.33 30 Case I
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FIG. 8. Variation of quasifission barrier height as a function of
angular momentum for the fusion reactions 58Fe + 244Pu (continuous
line), 50Ti + 252Cf (dashed line). and 53V + 249Bk (dash-dotted line).

fission barrier height (B f ) [54], and shell corrections [55]. The
excitation-dependent average angular momentum is deduced
from Capurro et al. [56]. The pairing energy term δP is eval-
uated using the set of equations given in [57] and h̄ω = 2.2
MeV [58]. As the mass asymmetry of the fusion reactions
decreases, the quasifission barrier height also decreases. The
larger Bq f of about 6.28 and 5.92 MeV are observed for the
reactions induced by the spherical projectiles 50Ti and 53V
(case III). Sequentially, production cross sections decrease
with decrease in ηA in cases II and I. In addition to detailed
investigations, we also compared evaporation residue cross
sections (pb) obtained by the present study and those predicted
in earlier reports [59,60], as shown in Table III. The different
isotopes of projectiles Ti, V, Cr, and Sc on actinide targets
were evaluated. The cross sections obtained from the present
work show good agreement with the data available in the
literature.

IV. CONCLUSIONS

In summary, we have considered 90 different projectile-
target combinations for the synthesis of a superheavy element
302120 using the DNS approach. The role of the angle of
orientation in quasifission barrier height is studied for both
projectile and target nuclei. The quasifission barrier height
shows a larger value when an angle of orientation is about

TABLE III. Comparison of evaporation residue cross sec-
tions (pb) produced by the present work with that of the predictions
of previous reports [59,60] for synthesis of superheavy element Z =
119 and 120.

σER (pb)

Reaction E∗ (MeV) Refs. [59,60] PW

56Ti + 251Cf → 304120 + 3n 36 2.19 × 10−5 1.37 × 10−5

57Ti + 251Cf → 304120 + 4n 47 1.3 × 10−5 2.56 × 10−5

58Ti + 251Cf → 304120 + 5n 60 2.48 × 10−6 2.0 × 10−6

58V + 249Bk → 304120 + 3n 37 1.8 × 10−5 5.57 × 10−5

59V + 249Bk → 304120 + 4n 47 9.96 × 10−6 2.64 × 10−6

60V + 249Bk → 304120 + 5n 59 4.76 × 10−6 6.73 × 10−6

59Cr + 248Cm → 304120 + 3n 36 1.68 × 10−5 3.31 × 10−5

60Cr + 248Cm → 304120 + 4n 46 9.5 × 10−6 4.32 × 10−6

61Cr + 248Cm → 304120 + 5n 57 4.18 × 10−6 4.18 × 10−6

45Sc + 248Cf → 290119 + 3n 39 3.0 × 10−1 7.15 × 10−1

50Ti + 247Bk → 294119 + 3n 36 3 × 10−2 2.08 × 10−2

51V + 242Cm → 290119 + 3n 38 2 × 10−2 5.0 × 10−2

54Cr + 242Am → 293119 + 3n 37 1.5 × 10−3 3.79 × 10−3

90◦, i.e., tip-tip orientation. Further, quasifission barriers are
studied for different projectile-target combinations. The role
of entrance channel effects—such as Coulomb interaction
parameter, mean fissility, charge asymmetry, mass asymme-
try, isospin asymmetry, and charge product—on quasifission
barriers was investigated. The effect of the deformation
parameter on projectile and target nuclei was considered.
About 25 projectile-target combinations are recognized with
β2P < 0, β2T > 0, 50 with β2P > 0, β2T > 0, and around 15
with β2P = 0, β2T > 0. We have proposed a semiempirical
formula for the quasifission barrier as a function of entrance
channel parameters. A systematic variation of quasifission
barriers with respect to target quadrupole deformation is ob-
served when compared to projectile quadrupole deformation.
For fusion reactions with larger quasifission barriers, evap-
oration residue cross sections were tabulated. Larger Bq f is
observed for the reactions induced by spherical projectiles
such as 50Ti and 53V. Very interestingly, it is observed that
the fusion reactions consist of reactions that were used at-
tempting to synthesize the superheavy nuclei Z = 120. The
predicted evaporation residue cross sections are > 10 fb. A
good agreement is also observed between present study with
that of previous works. As a result, the current study may be
useful in devising corrective procedures for future experimen-
tal attempts to synthesize superheavy nuclei Z = 120.
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