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Periodic table of elements
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Nuclide chart

BERE: EEFEFZINEZERE (NUBASE2020)
Chart of the nuclides: decay mode of the ground state nuclide (NUBASE2020)
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Nuclide chart in history
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Synthesis method
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proton number
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Experimental progress

PEESEREHRTINEIRER

China Accelerator Facility for Superheavy Elements (CAFE2)
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Russia's JINR, Japan's RIKEN, and China's IMP have all newly
constructed experimental facilities, launching plans to synthesize
new elements 119 or 120.
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HZARIKEN

SHE Factory + DGFRS2 RILAC + GARIS3 CAFE2 + SHANS2
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Theory models

® Phenomenological Models:

» Macroscopic dynamics model: pure dynamical fusion process;
[ Swiatecki, Nul. Phys. A 391, 471 (1982).

» Fluctuation-dissipation model: Fluctuation, shell correction;
R Y. Abe, Phys. Rev. C 59, 796 (1999).

» Dinuclear system model (DNS): keep individuality, nucleon transfer;

[3 G.G. Adamian, Nul. Phys. A 627, 361 (1997); W. F. Li, N. Wang, et. al., Eur. Lett. 64 (2003) 750;
V. V. Volkov, G. G. Adamian, N. V. Antonenko, Nuovo Cimento A 110, 1127 (1997)

> Nucleon collectivization model:
[ V.l Zagrebaev, Phys. Rev. C 64, 034606 (2001).

® Microscopic Models:

» Improved quantum molecule model (ImQMD)
[@ Kai Zhao, Phys. Rev. C 94, 024601 (2016).

» Time-depedent Hartree Fock model (TDHF)

[8 Lu Guo, Phys. Rev. C 90, 044609 (2014). Com. Phys. C 185, 2195 (2014)
10



Dinuclear system model (DNS)

® Three stages description of DNS:  Phys. Rep. 44(1978)93

Coulomb barrier

Fusion barrier

Fission barrier

® Residual evaporation equation:

T h2 Jmax

5 Y (2J+1) T(Eem, ) Per(Ecms ) Wad Ecm, J)

J=0
11

UER( Ec.m.)



Capture stage

® Barrier penetration probability: Hill-Wheeler formula

1
T(Evm. J) = / 78 . dB
1 + exp(

2m
_W[E(‘.Ill. - B— Q/TZB(J)J(J_I_ 1)])

[ D.L. Hill, J.A. Wheeler, Phys. Rev.89, 1102 (1953).

® Barrier distribution function: Asymmetric-Gauss function
%CXI)[—(BL—?'“)] B < B,

fB) =

%ICXI,)[—(BB—S‘")] B =B
Bm = (B() . Bs)/Q, AQ = (B() o Bs)/Q, AQ — Al == (2 ~ 4) MeV
@® |nteraction potential: Vy double folding, V. Wong Formula

1 1
V(R; B1, B2, 01,05) = Vo + W + §C1<51 — 5?)2 T §C2(52 - ‘(2))2

[ Rowley, Phys. Lett. B 254 25 (1991);Zagrebaev, Phys. Rev. C 64, 034606 (2001). Feng, et al. Nucl. Phys. A 771, 56 (2006).
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Transfer/fusion stage

® Master equation Eur Lett. 64 (2003) 750; Phys. Rev. C 68 (2003) 034601

dP(Zl, N1, E1, t)
dt

_Z Wz, Ny;Z,, ny ()dz, n P(Zy, Ny, B 1) — dZ’l,NIP(Zla Ny, Ei, t)]+

Z WZl Ni:Zy,N, [dzl Ny (Zlv /v11 Ela t) - dsz’lP(Zl, Ny, E, t)]

[Ailfl,El,t(@) AAl Eq,t (@)]P<ZlaN17E17t)

® Fusion probability Py
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® Fusion cross section Gy,

R o
— 2J+1 TE( m... P E('.m.a
TE Z( + 1) T(Ec.m.,3) Pen( J)

J=0

[§ Feng, Nucl.Phys. A 816, 33 (2009), Phys.Rev. C 76, 044606 (2007) =



Z (proton number)
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Survival stage

® Survival probability B V. Weisskopf,Phys. Rev. 52, 250 (1937).

Xp F ( _/) Xov ( J)
|/Vsur s X, P y X i - k’
( CN “/) CN J) H Ftot jHl E=|<7 J) J)

® Realization probability
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. = r

[@ Feng. Nucl. Phys. A 771, 56 (2006).
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1. The prediction cross-section errors
caused by different nuclear mass models.

Five nuclear mass models:

v' FRDM12, the finite-range droplet model, P. Moller, et.al. ADND 109-110, 1 (2016);
v' KUTYOS5, Koura-Tachibana-Uno-Yamada model, H. Koura, et.al., PTP 113, 305 (2005);
v' WS4, Weizsacker-Skyrme mass models, N. Wang, et.al., PLB 734, 215 (2014);

v' MS96, the Little Droplet model, W. D. Myers, et.al. Nucl. Phys. 81, 1 (1966);

v' HFBO2, Hartree-Fock-Bogoliubov approaches, Y. El Bassem,et.al. NPA 957, 22 (2017).

PRC 109 054611(2024)
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driver potential and fusion probability
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survival probability

survival probability
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Prediction cross section of SHE with Z=119-120 via different mass models
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2. The prediction cross-section errors caused by

shell damping factor
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cross section (pb)
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Summary and prospect

B Summary:
» The calculated cross-sections using different nuclear mass tables can
reasonably reproduce the experimental data of hot fusion reactions;
» The predicted synthesis cross-sections show strong dependence on nuclear
masses, with uncertainties within one order of magnitude;
» 7=119: >*Cr(**Am,3n)?**119~2-35 b, >'V(**¥Cm,3n)?*°119~0.1-1 pb.
> 7=120: SMn(*3Am,3n)?°5120~0.2-6 fb, *Cr(>*3Cm,3n)>120~1-55 pb.
M Prospect:
» In the DNS model, Systematic evaluation of model parameter effects on
superheavy nucleus synthesis cross-section predictions;
» In the DNS model, develop a dynamical potential energy surface based on

the multi-dimensional adiabatic approximation.
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