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Abstract: To optimize the reaction conditions for synthesizing the superheavy element Z = 119, we examined vari-

ous combinations of projectiles and target nuclei used by different countries: Japan with 3!V +248Cm, Russia poten-
tially with 50T+ 249Bk, and China currently with >*Cr + 243 Am. Systematic investigations were conducted by vary-
ing the incident energy from 210 MeV to 260 MeV. We analyzed the capture cross sections, fusion probabilities,
survival probabilities, and evaporation residue cross sections (ERCS) for each reaction to identify the optimal incid-

ent energy for synthesizing Z = 119. Detailed plots were generated for these parameters as functions of the incident

energy, thereby providing valuable insights for selecting the most effective incident energy for synthesizing Z = 119.
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I. INTRODUCTION

Superheavy nuclei (SHN) synthesis is crucial in mod-
ern nuclear physics. First, it expands the known periodic
table by creating new superheavy nuclei, which not only
leads to the discovery of new chemical elements but also
enhances our understanding of element periodicity and
nuclear stability. This research addresses fundamental
questions regarding the limits of mass and charge in
atomic nuclei. By examining the decay properties and sta-
bility of superheavy elements, researchers can infer the
potential limits of the atomic nucleus and explore their
behavior under extreme conditions [1, 2]. Additionally,
SHN research provides valuable experimental data to test
and refine nuclear structure theories, including the shell
model, relativistic mean-field theory, and macroscopic-
microscopic models. These models are crucial for pre-
dicting the locations of "magic numbers" and region of
the "island of stability" [3, 4]. By synthesizing the nuclei
near the predicted "island of stability", scientists investig-
ate shell effects, where certain superheavy nuclei exhibit
increased stability than others, thereby providing insights
into nuclear stability mechanisms. Further, SHN investig-
ations pushes the boundaries of nuclear physics, advan-
cing research on nuclear reactions and structures under
extreme conditions. This not only broadens our know-
ledge of the microscopic world but also fosters the devel-
opment of nuclear experimental techniques and theoretic-
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al computational methods. While most synthesized super-
heavy nuclei are currently unstable, their synthesis may
reveal new physical phenomena or potential applications,
notably in fields of nuclear energy, medicine, and materi-
als science.

The central issue in SHN research is determining the
location of the "island of stability" and understanding the
structure and decay properties of the nuclei in this region,
particularly how to effectively synthesize these super-
heavy elements. Several theoretical approaches have been
developed to address these issues, including the two-step
model [5], macroscopic dynamics model [6, 7], multidi-
mensional Langevin-type dynamical equations [8—12],
time-dependent Hartree-Fock theory (TDHF) [13], exten-
sion time-dependent density-matrix theory (TDDM) [14],
and dinuclear system (DNS) model [15—22]. These mod-
els predict varying locations for the island of stability.
Proton numbers primarily include Z = 114, 120, and 126,
while neutron numbers include N =176, 184, 196, and
228 [23, 24]. Almost all models predict N =184 as a
neutron magic number. So far, all the synthesized super-
heavy nuclei lie on the proton-rich side. For element 114,
seven isotopes have been synthesized, with the highest
neutron number reaching N = 176, leaving eight neutrons
short of the magic number N = 184. With the develop-
ment of heavy ion accelerators and related detection
equipment, the synthesis of element 119 [25-27]is cur-
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rently on the agenda following the synthesis of element
Z =118 [28, 29], which completed the seventh row of the
periodic table.

Synthesizing new elements 119 and 120 is crucial, as
it advances the exploration of mass and charge limits of
superheavy nuclei, brings us closer to synthesizing nuclei
with neutron numbers approaching 184, and synthesizes
nuclei near the proton magic number Z = 120. Thus, the
synthesis of these elements is crucial in nuclear physics.
Major nuclear physics laboratories worldwide, including
those in the U.S., Russia, Germany, Japan, and China, are
competing to synthesize element 119. Japan is conduct-
ing experiments using the 'V +2*Cm reaction, while
Russia is expected to use the °Ti+>* Bk reaction, and
China is focusing on the **Cr+>* Am reaction. These
laboratories have identified three key projectile-target
combinations for experimental investigations. A primary
theoretical challenge in investigating these combinations
for synthesizing element 119 includes predicting the op-
timal incident energy and evaporation residue cross-sec-
tion. Determining the optimal incident energy is crucial
for the successful production of superheavy nuclei, while
the theoretically predicted evaporation residue cross-sec-
tion facilitate their experimental identification. Thus, this
theoretical study aims to provide insights for the ongoing
experiments.

II. THEORETICAL FRAMEWORK

In the DNS model, SHN is divided into three key
stages: capture, fusion, and survival. Initially, two nuclei
must overcome the Coulomb barrier to form a dinuclear
system, which is represented by the capture cross-section.
In the next step, the dinuclear system may either fuse in-
to a compound nucleus or undergo quasifission, a com-
petition described by the fusion cross-section. Finally, the
excited compound nucleus de-excites by emitting neut-
rons while competing with fission. The survival probabil-
ity of this compound nucleus is determined using a stat-
istical model. In the DNS approach, ERCS is expressed
as follows [30—33]:

O—ER(ECJIL) =

nh?
2J+1
2pEem, Z( )

X T(Ec.ms J)PCN(EC.HL’ J)Wsur(Ecm» J), (1)

whereE. ,, represents the incident energy in the center-of-
mass frame, J the orbital angular momentum of the relat-
ive motion, and T(E.,,J) the transmission probability,
which determines the likelihood of the colliding nuclei
overcoming the potential barrier to form the dinuclear
system. Pcn(Ecm.,J) represents the probability of the sys-
tem proceeding to form a compound nucleus and
Wieur(Eem.,J) the survival probability of the compound

nucleus after its excitation [34].

A. Capture cross section

For heavy-ion fusion reactions, the transmission prob-
ability T(E..,J) is often calculated using the Hill-
Wheeler formula as follows [35]:

1

T(Ec.m.a J) = b h2 .
L4exp (= | B —Vag— = J(J +1
e e

In this context, Vg, Ry(J), and hw(J) = "

represent the height, position, and curvature of the barri-
er, respectively. As the projectile and target nuclei ap-
proach each other, dynamic deformation may occur. The
distribution of the interaction potential barrier between
the interacting projectile and target nuclei is primarily
caused by the dynamic deformation of the nuclei. Con-
sequently, the interaction potential between the projectile
and target nuclei can be expressed as the sum of the Cou-
lomb potential, nuclear potential, and deformation en-
ergy potential as follows [36]:

V(r,Bp.:,01,62) = Ve(r,Bp, B, 61,62) + V(1. B,. B, 61,602)

1 1
+5CiB, =B + 5CoB, =),
3)

where 6, and 6, represent the angles between the radius
vector 7 and symmetry axes of the projectile and target
nuclei, respectively. 8) and ) represent the static de-
formation coefficients of the projectile and target nuclei,
respectively, and are usually taken as the quadrupole de-
formation parameters of the nuclei. In this study, the
quadrupole deformation parameters of the ground state
for the reacting nuclei are obtained from reference [37]
(see Table 1). B, andp, represent their dynamic deforma-

tion coefficients. It is assumed that the deformation en-

. . C1,312, Ap
ergy is proportional to the mass number: B = A
[9].The constants C; and C, represent the nucleztlr sur-
face stiffness parameters of the projectile and target nuc-
leus calculated using the liquid drop model, respectively

[38].

2,2

- 23 _Zie , 4)
T Ro’l‘(zﬁ, +1)

where /A represents the mode of the dynamic deformation.

In this case, only quadrupole deformation (1 =2) is con-

sidered. R, represents the radius in the spherical case.

The surface tension parameter o is related to the surface

Ci=A-1)|(A+2R},0
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Table 1. Quadrupole deformation parameter 8, of the ground states of the nuclei used in the calculations for this study[37].

Nucleus Sty 28Cm

SOTi 249Bk 54Cr 243Am

B2 0.021 0.250

0.000 0.250 0.161 0.237

“ Note: All nuclear masses used in this study are taken from Ref. [37].

energy by 4nR3c =a,A*?, with a,=18.32 MeV. The
Coulomb potential is expressed as follows [39]:

AV
Ve(r,BpBin61,62) = = j

9 21226‘2 2 >
+4) — > R}BiPy(cos )
20 3 —

2

S R [BiPycosB)]”. (5)

i=1

3 ZIZQEZ
+7
I

The nuclear potential can be written as follows [40]:

VN(raﬁp’ﬁhel’QZ) = _VO

=51 R (1 + \/;BiPz(cosei))
a

-1

X ¢ 1+exp

(6)

where 6; represents the angle between the symmetry axis
of the i-th nucleus and direction of collision, R; the radi-
us of the i-th nucleus, and parameter §; the deformation
of the projectile and target nuclei.

Considering the channel coupling effect through the
potential barrier distribution, the transmission probability
is expressed as follows [41]:

T(Ecm,J)= /f(VB)T(Ecm’ J)dVg, (7)

where f(V3p) represents an asymmetric Gaussian function

1 V=V, \?
exp{—( 5 >}, for Vg <V,

N Ay
f(Vp) = . vy (8
§ &XP {—( BA2 m) }, for Vg > V,,.

In the equation, the distribution width is expressed as
Ay =(Vy=V,)/2, while Ay =A,—2MeV. V,, = (Vo +V,)/2,
where V, and V; represent the Coulomb barrier height at
the waist-to-waist collision and barrier height at the de-
formation saddle point (the point of minimum deforma-
tion), respectively. N represents the normalization con-
stant, which is expressed as [ f(B)dB = 1.

B. Complete fusion probability

To calculate the fusion probability in the DNS model,
the fusion process is treated as a diffusion phenomenon
by solving a set of master equations over the potential en-
ergy surface (PES). At any given time ¢, the probability of
finding a dinuclear configuration (Z;,N;), where Z; rep-
resents the number of protons and N; the number of neut-
rons corresponding to a given configuration, is denoted
byP(Z;,N;,t). The time evolution of this distribution
probability P(Z;,N;,t) can be described using a two-di-
mensional master equation with the number of protons
and neutrons as variables [42].

dP(leNl’El’t) ’ ’
4 ZWZI,NI;Z{,M ® [dz.,N. P(Zl,Nl,El,Z)]

Z

- Z Wz 3z, (1) [dz;,Nl P(leleElst)]

Z

+> Wz mzn (0 [dz, 5, P(Z1, N7 ELLD)]

Ny

- Z Wz, 5z (1) [dz.,Nl’ P(Zl,Nl,Eul)]

Ny
—{qsle(O1} P(Z;, Ny, Ey,1)

_{fs[e(t)]}P(leNl’El’t)'
()]

where Wy, v,z v, represents the mean transition probabil-
ity between channels (Z;,N,) and (Z],N,), and dz, y, the
microscopic dimension associated with the macroscopic
state (Z;,N;). The evolution of the DNS model along the
internuclear distance R can lead to quasifission, which is
quantified by the quasifission rate g,. The fission rate f;,
estimated using the Kramers formula, corresponds with
the local excitation energy E; of a specific dinuclear con-
figuration, with the detailed formula expressed by Equa-
tion (19).

If the transitions between different configurations of a
dinuclear system only consider energy transitions and
nucleon transfers, then the transition probability for the
neutron transfer can be expressed as follows [43]:

Tmcm(ZlaNl’El’N{’Ei;t)

2
h dZ],Nle],N;

Wz niziw () =

’ ’ N
XY |z, N ELTIVIZG NG E D[, (10)

i’
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where i denotes other quantum numbers.

To simplify the numerical solution of the main equa-
tion, it is assumed that in the nucleon transfer process,
only single nucleon transitions are dominant, while
double or multi-nucleon simultaneous transitions are neg-
lected. The transition probability Wy, z.v: 7 between dif-
ferent states of the dinuclear system only occurs when
Ni=N;x1 (or Z =Z; +1). When considering only the
transfer of one neutron, the above equation can be writ-
ten as follows [44]:

Wz, N2, N ®)
_ Tmem(Zl,Nl’El’N;’Ei;t)
hde] Ny dZ] ,N;

x{ [w11(Z1, N\, E1, E}) + wn(Z1, N1, Ey,EY) | 6y
+ win(Z1, N1, E1, EOn v
+ w1 (Z),N1,E{,ED)Sw ya } - (11)

The memory time is expressed as

2n 172
Tmem(ZaN’E ,N/,E/;f):h|:—* s
PR > ok Vex Vig)
(12)
Wik (Z1, N\, E1,E}) = dz, v (Vg Vg )s (13)
* 1 2
Vi Vi) = ZUKK’gKgK’ Aggr - Agg - Aeg
1
x [+ & (Ach + )] (14)
The interaction strength factor is expressed as
1/3 1/3
81 & 1
Uppr = 2> .2 .. 15
T gl T (9

The factor ykk represents the reduced interaction
strength and Agy the width of the interaction strength
distribution. In practical calculations, both are taken as
constants: yxx =3 and Axx =2 (K,K' =1,2). Agg rep-
resents the valence space and is expressed as
Aeg = Ae = \de[g [45], where & = &(Z;, N,) represents the
local excitation energy corresponding to the dinuclear
configuration (Z;, N;). For the proton transfer process, the
aforementioned approach can be applied.

In the nucleon transfer process, the dinuclear system
is influenced by the PES, which forms the mass distribu-
tion probability which evolves over time. The potential
energy surface is expressed as follows [46]:

V(NI’ZI ;NZ’ZZ,R’ﬂa,ﬁba J) = B(ZI’NI 7ﬁa)
+B(Zy,N2,8y) = [B(Z,N,B) + Vi (J)]

rot

+V(Nth;N23Z2’JaR;ﬁa’ﬂb)9 (16)

where N = Ny +N, and Z = Z, + Z,, with 8, B,, and B, rep-
resenting the quadrupole deformation parameters of the
compound nucleus and two deformed nuclei, respect-
ively. The binding energies of the compound nucleus and
two deformed nuclei, denoted as B(Z,N,B), B(Z,Ni,B.),
and B(Z,,N,,B), are sourced from reference [37]. VEN(J)
represents the rotational energy of the compound nucleus.
The interaction potential between the two deformed nuc-
lei includes the nuclear, Coulomb, and centrifugal poten-
tials.

V(N1,Z\; N2, 25, J,R; B4, 81) = Ve(Zi, 25,848, R)

J(J+DR?
+VN(NI’ZlaNZ,ZZ,ﬂa,ﬁb,J)+ﬁ (17)
UR
The reduced mass u is expressed as
m-A1A2
= , 18
= ATA, (18)

where m represents the nucleon mass, and A; and A, the
masses of the two fragments. V¢ represents the Coulomb
potential and Vy the nuclear interaction potential.

In a dinuclear system, the local excitation energy cor-
responding to a specific dinuclear configuration (Z;,N,)
is determined by the dissipation of the relative kinetic en-
ergy between the projectile and target nuclei into the dis-
sipated energy of the dinuclear system, along with the
driving potential of the system. This relationship can be
expressed as follows [36]:

&(t) = Egs(t) = (V(Z1,N\) =V (Zp,Np))
J-M? M?
231’61 2&111’

(19)

where Eg(f) represents the dissipated energy transferred
from the relative motion between the projectile and tar-
get nuclei into the dinuclear system (see Equation (25)),
varying with the interaction time. J and M represent the
initial relative orbital angular momentum of the incident
channel and dissipated angular momentum that becomes
the intrinsic angular momentum of the dinuclear system,
respectively. V(Z;,N;) denotes the potential energy cor-
responding to a particular dinuclear configuration (Z;, N,)
within the dinuclear system, while V(Zp,Np) the poten-
tial energy of the dinuclear system at the entrance point.
The local excitation energy of the dinuclear system is re-
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lated to its driving potential. I, and J;, represent the
moment of inertia for the relative motion in the entrance
channel and intrinsic moment of inertia of the dinuclear
system, respectively, expressed as follows [44]:

:Srel = ,L[sz (20)
o~ 2 2 2
Sint = 3 (m1R1 +m2R2) ) (21)

where R; and R, represent the radii of the projectile and
target nuclei, respectively, and m; and m, the masses of
the projectile and target nuclei, respectively.

Under the combined influence of the Coulomb and
nuclear force, atomic nuclei can undergo deformation.
Assuming that the deformation of the fragments evolves
in an overdamped motion, the relative distance between
the centers of the fragments r(¢) is expressed as follows
[47, 48]:

r®) = (R +Ry)[1 +a(®)]

at) = ay [1 _exp (—T;fﬂ . 22)

The maximum dynamic deformation a, can be ob-
tained by minimizing the interaction potential energy
between the projectile and target nuclei, with 74 repres-
enting the deformation relaxation time, generally approx-
imated as 5x 107%' s.

The relative kinetic energy and angular momentum of
the projectile and target nuclei are dissipated and trans-
formed into the intrinsic excitation energy and angular
momentum of the compound system. The dissipative be-
havior of the relative radial kinetic energy in the incident
channel over time is expressed using the Fokker-Planck
equation. The average radial kinetic energy is expressed
as follows [44]:

Eva() = E;exp (— ! ) (23)

Trad

where E; represents the initial radial kinetic energy and
Ta the relaxation time of the radial motion (expressed
5% 1072 s).

The final state energy is related to the following ex-
pression [44]:

ZiZ,e* R

E =
= a0

+ Erad(t)’ (24)

where () represents the angular momentum, which is
time-dependent.
According to the principle of energy conservation, the

relative kinetic energy between the projectile and target
nuclei is converted into the excitation energy of the sys-
tem. The corresponding dissipated energy can be ex-
pressed as follows:

Edis(t) =Ecm - Ef(t)' (25)

The probability of the compound nucleus formation,
considering the Coulomb barrier Vj, is expressed as fol-
lows [49]:

ZBG NBG

Pex(Eem»hVs) =Y Y P(Z1,NiEy,Ti),  (26)

Z)=1N;=1

where Zpg and Npg represent the charge and neutron
numbers at the Businaro-Gallone (BG) point, and 7, the
interaction time, which depends on the center-of-mass en-
ergy E.n, angular momentum J, and barrier V. The
overall fusion probability is expressed as follows:

Pen(Eem.,J) = /f(vB)PCN(EcAmA’-I’ VB)dVB- (27)

C. Survival probability

Once the compound nucleus is formed, it de-excites
by evaporating neutrons or emitting gamma radiation,
with fission being an alternative process. The probability
of the compound nucleus surviving by evaporating x
neutrons is expressed as follows:

X

: : I(E;. )
W Ecxsx.J) = PEoxD [ [ 7
=1 M

D +THE;T)

(28)

where Efy = E.m, + Q represents the excitation energy of
the compound nucleus, E; the excitation energy before
the i-th neutron is evaporated, and T',(E},J) and T'((E;,J)
the partial decay widths for neutron emission and fission,
respectively [36].

III. RESULTS AND DISCUSSIONS

To determine the optimal incident energy for synthes-
izing element 119, we used the DNS model to analyze the
reaction 3'V+28Cm (Japan), *°Ti+>**Bk (Russia), and
3#Cr+3 Am (China). We systematically varied the incid-
ent energy and analyzed the capture cross section, fusion
probability, survival probability, and ERCS.

As shown in Fig. 1, the capture cross section for the
OTi +24 Bk reaction is higher than that for the 3'V +2*8 Cm
and **Cr +* Am combinations owing to the combined ef-
fects of the Coulomb barrier, nuclear potential barrier,
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and incident energy. The Coulomb barrier is determined
by the number of protons in the nuclei, with more pro-
tons leading to stronger Coulomb repulsion and a higher
barrier. Since *°Ti has fewer protons, the Coulomb barri-
er for its combination with 2**Bk is lower, making it easi-
er to overcome the barrier and reach an effective distance
to the target nucleus at lower incident energies. Addition-
ally, the nuclear potential barrier is influenced by nuclear
deformation.?*Bk  exhibits significant ~deformation,
which reduces the nuclear potential barrier during the col-
lision process and allows for effective capture and com-
pound nucleus formation at lower energies. Further, the
incident energy is crucial in determining the efficiency of
compound nucleus formation. For the °Ti+>* Bk com-
bination, the lower Coulomb and nuclear barriers facilit-
ate formation of the compound nucleus a similar incident
energy, thereby resulting in a rapid increase in the cap-
ture cross section. These factors contribute to the higher
capture cross section of *°Ti+2* Bk across the entire en-
ergy range than the other two combinations. As shown in
the comparison of capture cross sections for different re-
actions, where the 3°Ti +2* Bk combination has a signific-
antly higher capture cross section than the others, indicat-
ing that this combination can effectively form a com-
pound nucleus even at lower incident energies.

Figure 2 shows the relationship between the fusion
probability and excitation energy for the three reactions.
At similar excitation energies, the fusion probabilities of
SV +28 Cm and °Ti+** Bk are similar and higher than
that of >*Cr+2** Am. This is because the total number of
protons and neutrons in the dinuclear systems of the first
two reactions is similar, while in the third reaction, the
fusion probability is lower owing to the smaller mass
asymmetry.

As shown in Fig. 3, the survival probabilities of the
different compound nuclei are compared, highlighting the
lower survival probability of the nucleus formed from
Cr+*3 Am. The survival probability of the compound
nucleus formed from the **Cr+?* Am combination is

10°

102V

Ocap(mb)

51 248
10'L 1/ V+*Cm
//' - 50Ti+24QBk
102k — 54Cr+243Am
103 L L L L L L L L L
15 20 25 30 35 40 45 50 55 60 65
Ecn(MeV)

Fig. 1. (color online) Calculated capture cross sections as a
function of the excitation energy for the three reactions.

slightly lower than that of the other two, primarily be-
cause the compound nucleus has two fewer neutrons.
This decrease in the neutron number directly impacts the
stability of the nucleus. Neutrons are crucial in the stabil-
ity of nuclei, notably in the synthesis of superheavy ele-
ments, where an appropriate neutron-to-proton ratio is
key to counteract the strong repulsive forces between pro-
tons. A deficiency in neutrons can reduce the stability of
the compound nucleus, making it more prone to fission or
other radioactive decay processes. Additionally, nuclei
with fewer neutrons generally have lower binding ener-
gies, leading to shorter half-lives and reduced survival
probability. Therefore, the lower neutron number in the
compound nucleus formed from the 3*Cr+2** Am results
in relatively lower stability and shorter survival time in
experimental settings.

As shown in Fig. 4, the cross sections for the produc-
tion of element 119 are plotted against the incident en-
ergy for the various reaction pathways of the three reac-
tions. To determine the optimal incident energy and reac-
tion path for achieving the maximum probability of syn-
thesizing element 119, the highest point on each curve
must be identified. These peaks represent the optimal in-

103
10 E
10%F
> 10°¢
(&)
& o7l
108k / 51V+24SCm
. - 5074249
ool ; Ti+249BK
. — 54Cr+243Am
10710 L L L L 1 1 I 1 1
15 20 25 30 35 40 45 50 55 60 65
E;N(MeV)

Fig. 2.
a function of the excitation energy for the three reactions.

(color online) Calculated fusion probability curves as

10
105k STy+24%8Cm
10 F - - 50Ti+24gBk
107k — Cr+**Am

)

5

£ 108
10°F
10™
10"k
10712 1 1 1 1 1 L L L

20 25 30 35 40 45 50 55 60 65
Ecn(MeV)
Fig. 3.  (color online) Curves of survival probability of the

compound nucleus formed in the three reactions as a function
of the excitation energy.
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cident energy for each reaction and reflect the maximum
cross section value for synthesizing the target element un-
der specific conditions. The maximum cross sections for
the production of element 119 in the three reactions all
occur on the curve corresponding to the evaporation of
three neutrons. For the *°Ti+2% Bk reaction, the optimal
incident energy is approximately 225.66 MeV, with a
maximum cross section of 21.72 fb. For 'V +**¥ Cm , the
optimal incident energy is approximately 229.86 MeV,
with a maximum cross section of 12.7 fb. For
3Cr+* Am, the optimal incident energy is approxim-
ately 241.65 MeV, with a maximum cross section of 2.29

107
B —-+— _(225.66,0.02172)
10 P | R
I o~
g 103} ~.
""""" pa TTRNN
-8_ 104} <
b% 10} 2n
10°F — =3n
— < 4n
107 5n
10-8 L L L L I
210 220 230 240 250
Ec_m_(MeV)
107
102 - - - - - - -~ +—(229.86,0.01274)
I o~
— 10-3- - \\~\
"""" N
8 104} , S
m ) 1
e 10°F 51V+2480m on
10°F ! — ~3n
5 ! — - 4n
107"k o e 5n
10-8 L : L ' .I
210 220 230 240 250 260
E.m (MeV)
107"
102} (241.65,0.00229)
103 T L 2~
o) 7] T~
a 104} g 4 <.
x . sf A iy S
bl.u 10 II 54Gr+243Am on
10-6r : :.' = =3n
7 | ‘ = = 4n
107"k b e 5n
10-8 L L ! L L I
220 230 240 250 260
Ec_m_(MeV)

Fig. 4. (color online) Curves of the ERCS for the three reac-
tions after evaporating 2—5 neutrons as a function of incident
energy.

fb.

In Table 2, we present a comparison of the ERCS for
the 3n and 4n channels and optimal incident energies for
synthesizing element 119 obtained in this study using
predictions from several studies [25, 50—57]. Among
these, the first result from Ref. [57] is calculated using
the DNS model, while the last two are computed using
the weak-model-dependence method with different para-
meters. Our results corresponds with the ERCS values
and optimal incident energies predicted in Refs. [51, 54,
57], further validating the accuracy and reliability of our
calculations. The values of E., presented in the table
correspond with the energies at which the maximum
cross sections for the 3n and 4n channels were achieved,
calculated using the various methods detailed in the
aforementioned references. By comparing our data with
results from other studies, we demonstrate strong consist-
ency, further reinforcing the DNS model as a reliable tool
for predicting the synthesis of superheavy elements. This
study not only validates our findings but also provides
valuable insights for future experimental efforts aimed at
synthesizing element 119 under optimal conditions.

Table 2. Comparison of the theoretical predictions of the
ERCS and optimal incident energies obtained in study with
results presented in Refs. [25, 50—57].

Reaction Eem/MeV  3n/fb E.. /MeV 4n/fb  References
22566 2172  233.66  4.68 This study
224 11.9 236 64 [50]
226 48.2 244 5.67 [51]
g 4 295 225 29.8 233 35.6 [54]
- - 230 40 [52]
- - 230 187 [53]
222.8 - - - [57]
2249(2243) - - - [57]
229.86 127 236.86  3.57 This work
225 6.6 232 123 [56]
227 5.5 237 10.1 [50]
228 2.9 236 5.9 [54]
51y 4 2480 230 9.2 248 12 [51]
232 19.5 245 99.6 [55]
- - 237 11.8 [52]
233.0 - - - [57]
229.3(228.4) - - - [57]
241.65 229 25165 049  This work
236.65 25 - - [25]
540t + 293 Am
238.7 - - - [57]
241.4241.6) - - - [57]
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IV. SUMMARY

To determine the optimal reaction combinations for
the synthesis of superheavy element Z = 119, we investig-
ated the 'V +28 Cm, °Ti +?* Bk, and >*Cr+>** Am reac-
tions using the DNS model. Herein, we varied the incid-
ent energy from 210 MeV to 260 MeV and calculated the
capture cross section, fusion probability, survival probab-
ility, and ERCS for each reaction. From this analysis, we
identified the optimal incident energy and corresponding
ERCS for each reaction. For the °Ti +%*° Bk reaction, the
optimal incident energy is approximately 225.66 MeV,
resulting in a maximum cross section of 21.72 fb. For the

SV 428 Cm reaction, the optimal energy is approxim-
ately 229.86 MeV, with a maximum cross section of 12.7
fb. For the *Cr+>* Am reaction, the optimal energy is
approximately 241.65 MeV, with a maximum cross sec-
tion of 2.29 fb. These results provide a solid theoretical
basis for further experimental studies, thereby facilitating
the successful synthesis of element Z = 119.
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