Low Energy Nuclear Reactions with Transactinides

e  Reactions under consideration

«  Fusion-fission driving potential and dynamical model

«  Fusion dynamics and synthesis of SHE

«  Shell effects in damped collisions : New way to superheavies

o Resume

V. Zagrebaev
TAN-2007, Davos, September 24




Studied Reactions
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Potential energy, MeV

Calculation of multi-dimensional adiabatic potential energy ?

(1) Lack of standard macro-micro adiabatic potential
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Time dependent adiabatic fusion-fission potential
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Time-dependent driving potential

248cm +4%Ca « 2%116 entrance channel: Diabatic potential
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System of coupled Langevin type Equations of Motion
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Simulation of experiment and cross sections
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Impact parameter b= 2fm

Motion in multi-dimensional space

Dependence on Deformation, alp = 0.676
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Impact parameter b= 2 fm

Deep-Inelastic Scattering

Dependence on Deformation, alp = 0.676
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Impact parameter b= 2 fm

Quasi-fission process

Dependence on Deformation, alp = 0.676
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Symmetric quasi-fission

Impact parameter b= 2fm Dependence on Deformation, alp = 0.676
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kinetic energy ( MeV )
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Cross sections for superheavy element production
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On the way to the first Island of Stability
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Synthesis of 120:

cross section (mb)
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Fusion of “fission fragments”: 13°Xe + 130Xe — 272108

if OK then 132Sn + 176Yp — 308120
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Collision of very heavy (transactinide) nuclei ?
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cross section ( mb/unit )

Comparison with available experimental data

M. Schadel et al. 1978

VIS N~ e 3 T -~ B Py B e e 1 T S ST BRSUREN 5 . DUy
s ¢ $os ]
: 5 :
1071 1
10-2 'E
¢ 100 :
-3k § T 3
1072 - : b T
* 101 ]
} " f =
- [ | e
10 W L3 —_-/\
< ~ .
6 N % T %?f\\\ L 4
10- \ \\§
\ \ 3
\ \:
I N MR T | ) - R T BN ), T R B\ W e T
246 248 250 252 252, " 2542565252 254 256 256 258 ;
mass number m ee
V1 .VZO
f‘t y
o 104 i 238 ), 238
E E T 250 yield of Z=99
s T
810'5E
w
w
: t
Q
10-5'.* i i Sar LN [ P T L
750 800 850

Ecm. (MeV)



48ca+248cm

: %

potential energy ( MeV )
8

150
mass number

232Th 4+ 250 Cm

% b) |
= 780F (
oy 80 2327h 25001 |
2 1
$ 2ep Wepp A ¥ #4408 |
;4 v v |
3 : |
[ :
;0-;- 740 wwwmwwmw
200 : 220 240 260 280
\ARAad MARALEAE 11 Ty T TrrY A LAAAARARAS RARAS T AL AR |
3 ' Th‘ ‘01 1
= 10%F 1
S D1 transter
4 |
5 109F {
o
@ |
‘ |
1072F ‘
vL‘Lll‘lA ou

220

240
mass number

260

Inverse
(antisymmetrizing)
guasi-fission process

normal
(symmetrizing)
quasi-fission
v
7= 188 giant
quasi-atom ?
/ \
X
neutron-rich
“inverse” superheavy nucleus
(antisymmetrizing) which may survive

quasi-fission



potential energy at contact ( MeV )

Shell effects in damped collisions
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Shell effects in damped collisions of transactinides. New way to superheavies
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Isotopic yield of SHE in collisions of transactinides
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Spontaneous positron emission
In super-strong electric field
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What are the triggers for along reaction time ?
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3-body clusterization in collisions of transactinides
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Summary

For the first time a new model is developed for the simultaneous description of all strongly
coupled channels: Deep-Inelastic scattering, Quasi-Fission, Fusion and regular Fission. The

whole evolution of the heavy nuclear system can be traced starting from the infinite distance
and ending in DI, QF, and/or Fusion-Fission channels.

Cross sections of SHE formation in fusion reactions of °0Ti, >Cr, *Fe,... with

transactinide targets are significantly lower as compared with “¢Ca induced reactions.
Only extraordinary shell effects at Z>=120 may change the situation.

Cross sections of SHE formation in symmetric fusion reactions

(including neutron rich fission fragments) are estimated at the level of 0.1 pb.

Such reactions may be used only for synthesis of rather stable (well survivable) superheavies
at above-barrier beam energies (4n, 5n, ... evaporation channels).

Shell effects in low-energy damped collisions of transactinides may lead to a noticeable

yield of long-lived neutron-rich SHE due to a large mass and charge rearrangement in the
“inverse quasi-fission” process caused by the Z=82 and N=126 nuclear shells.



