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New elements & reaction mechanism

Capture - deformation & orientation of HI
Fusion - stochastic nature & centrifugal effect
Survival - fission barrier & density of states.



SYNTHESIS SCENARIOS
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Cold fusion (1n):
CoLD {102111113’ 100 with 208Pb and 209B; targets

* the strongly bound target nuclei 10°
(208Pb or 209Bi) are bombarded with

projectiles ranging from Ca to Zn;

* the excitation energy of the resulting
compound nucleus is usually in the
range of 10 to 20 MeV,

* as the target-projectile symmetry
increases, the compound nucleus
production cross section decreases.
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SYNTHESIS SCENARIOS

~ 10° 3
c L Hot fusion HOT (112<Z<118)
e _af E,= 40 MeV :
E 10 3 1 ¢ the deformed actinide target-nuclei
Q L e (from U to Cm) are bombarded with a
vy . i ' ile
E 102 . doubly magic 48Ca projectile;
o ] * the excitation energy of the resulting
- ? compound nucleus is usually in the
; 10° . range of 30 to 40 MeV, and the
E . dominant evaporation channels are 3n
— o f : and 4n channels;
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IUPAC Periodic Table of the Elements

18
1 2
H He
hydrogen helium
1.0080 40026
£0.0002 2 Key: 13 14 15 16 17 +0.0001
3 4 atomic number 5 6 7 8 9 10
Li Be Symbol B C N o F Ne
lithium beryllium name boron carbon nitrogen oxygen fluorine neon
694 9.0122 abridged standard 1081 12011 14.007 15.999 18.998 20.180
+006 +0.0001 alomic weight +0.02 +0.002 +0.001 +0.001 +0.001 +0001
1 12 13 14 15 16 17 18
Na M Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chiorine argon
2990 24305 26.982 28.085 30.974 3208 3545 39.95
+0.001 +0.002 3 4 5 6 7 8 9 10 1 12 +0.001 +0.001 +0.001 +002 +0.01 +0.16
19 20 21 22. 23 24 25 26 27 28_ 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
p i lci itani dit i g iron cobalt nickel copper znc gallium germanium arsenic selenium bromine krypton
39.008 40078 44.956 47887 50942 51.996 54.938 55.845 58.933 58,693 63.546 65.38 69.723 72, 74.922 78.971 79.904 83798
+0.001 +0.004 +0.001 +0.001 40001 40001 +0.001 +0.002 +0.001 40001 +0.003 002 40.001 +0.008 +0.001 40.008 40.003 +0002
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb Te | Xe
rubidium strontium yttrium irconi iobi lyb i the ni i il silver cadmium indium tin antimony tellurium iodine xenon
85468 87.62 88.906 91224 92.906 95.95 101.07 10291 10642 107.87 11241 114.82 118.71 121.76 127.60 126.90 131.20
+0.001 +001 40001 +0.002 40001 +0.01 97] +0.02 001 +001 +0.01 001 +0.01 +0.01 +0.01 +0.03 +0.01 +0.01

ERNATIONAL UNION OF
RE AND APPLIED CHEMISTRY

For notes and updates to this table, see www.iupac.org. This version is dated 4 May 2022.

Copyright © 2022 IUPAC, the International Union of Pure and Applied Chemistry.




Attempts of going beyond the reactions Act. +
48Ca by using heavier projectiles like *°Ti, >*Cr,
B UT >8Fe, and *Ni gave no results so far.

All heavier actinides with Z>98 live to short

that one could perform target with them.

There is no link

_ _ between cold
To produce more & more heavier nuclei the & hot

mass and charge of projectile should be
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Produced nuclei lies
belong to the far
“island of stability” of
superheavy
elements.



the overarching goal of the models is:

to determine the most appropriate projectile-target
combination

to predict the optimal bombardment energy in the entrance
channel at which the production cross-section is the most
significant

to explain the fusion process in heavy-ion collisions



Fig from Valeri Zagrebaev
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The Fusion-by-Diffusion model as a tool to calculate cross sections

for the production of superheavy nuclei

T. Cap'?, M. Kowal'", K. Siwek-Wilczyriska®*

! National Centre for Nuclear Research, Pasteura 7. 02-093 Warsaw, Poland
2 Faculty of Physics, University of Warsaw. Pasteura 5, 02-093 Warsaw, Poland
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Vior(R,0) = Vo(R,0) + Vy(R,0) + Vi(R) .

r R sin(©) cos(P)
R sin(0) sin(®P)
R cos(O)
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Electrostatic Interaction
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Nuclear Interaction

Vy = 47y K ¥(s)

11 1 1 1
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s = min| (Rsin(?) cos(p) + Rp(Jp, pp) sin(dp) cos(pp) — Ry (Jp, pr) sin(dy) cos(pr))?
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Entrance barrier parameters
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Entrance barrier parameters

14 I | I I | ] | 15.5 I I I I ] |
e - e
135 F 43 AL S ' 1591 4 A2 TS '
4Ca+250.|: ________________________ 4Ca+250f
13 i . 145 B
125 F 14 1
12 ¢ 13.5
115 | 13 1 |
1 1 :y:;;:l';l‘;h | 12.5 ] ] ] ] ] | ] ]
0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90

®° ®°



Imax

o(synthesis) = mi° Z(ZI +1T, P,(fusion} XP: (survive)
|=0

Basic assumptions:

» After the capture stage, the internal mass asymmetrical conditional saddle point - the fusion
barrier - must be overcome by the system.

» The stochastic nature of the fusion process is accompanied by dissipation of energy and
angular momentum.

» All nucleons are transformed from projectile to the target by a diffusion process.
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Fusion - By - Diffusion - Smoluchowski equation Di - Nuclear - System - master equation

W. J. Swigtecki, K. Siwek-Wilczyriska, and J. Wilczyriski G.G. Adamian, N.V. Antonenko, Eur. Phys. J. A (2022).
Phys. Rev. C 71, 014602 (2005).



Experimental studies of the competition between fusion and quasifission in the formation
of heavy and superheavy nuclei, D.J. Hinde, M. Dasgupta, E.C. Simpson, Progress in
Particle and Nuclear Physics, Volume 118, May 2021, 103856.
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Diffusion as a possible mechanism controlling the production of
superheavy nuclei in cold fusion reactions

T. Cap, M. Kowal, and K. Siwek-Wilczynska
Phys. Rev. C 105, L051601 — Published 16 May 2022
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application of ADNT2021 tables to estimate the chances of

producing new elements

Atomic Data and Nuclear Data Tables 138 (2021) 101393

Contents lists available at ScienceDirect

Atomic Data and Nuclear Data Tables

journal homepage: www.elsevier.com/locate/adt

Properties of heaviest nucleiwith98 <7 < 126and 134 < N < 192 )
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Etot (ﬂ/iy ) — Emacro (:Bj,u ) + Emicro (18,1# )

E oo (8,,) = Yukawa + exponential
E icro (B,,,) = Wo0ds - Saxon + pairing BCS

R(0.¢)=CRo{1 + X521 X123 BauYau(0.6)}
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H. J. Krappe, J. R. Nix and A. J. Sierk, Phys. Rev. C20, 992 (1979).
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