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2003 - formulation of the .Fusion by Diffusion model”
- FBD
W.J. Swiatecki, K. Siwek-Wilczynska, J. Wilczynski
Acta Physica Polonica 34, 2049 (2003) (53 citations)

2005 - version IT of the FBD

W.J. Swigtecki, K. Siwek-Wilczynska, J. Wilczynski
Physical Review C 71, 014602 (2005) (61 citations)

last joint paper - January 2010
W.J. Swiatecki, K. Siwek-Wilczynska, J. Wilczynski
Physical Review €81, 019804 (2010)

Wiadek's legacy:

* to improve the model,

* to involve young people into this project
Tomek Cap, J. Wilczynski & KSW



Cold fusion reactions
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102 < Z < 113
target: 208Ppb or 209B;|
projectile: 48Ca...7%Zn
E*=10 - 20 MeV

102 < ogg < 10-2nb



A collision of two nuclei leading to the formation
of a super-heavy nucleus

survive
v evaporation residue

{} &
symetric fission
@ & 0

fast fission

fusion

Captu re

o(synthesis) = cs(capture) x P(fusion) x P(survive)

W. J. Swiatecki, K. Siwek-Wilczynska, and J. Wilczynski, Acta Phys. Pol. 34, 2049 ( 2003).
W. J. Swiatecki, K. Siwek-Wilczynska, and J. Wilczynski, Phys. Rev. C 71, 014602 (2005).



Original version of FBD - for central collisions only

Extended FBD - L-dependence included

Imax

o(synthesis) =mi* > (21+1)P(fusion)P,(survive)
=0

|« —Ccalculated from the capture cross section

Oy = TR ([ +1)°

c(capture) from the ,.diffused barrier formula”
(K. Siwek-Wilczynska, J. Wilczynski Phys. Rev. C 69 (2004) 024611)

(fusion cross section parametrized assuming the
Gaussian shape of the barrier distribution).



P, (fusion)

J. Btocki, W. J. Swiatecki, Nuclear Deformation Energies, Report LBL 12811 (1982)
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Smoluchowski Diffusion equation

for the parabalic potenctial

P,(fusion) = $(1-erfyH(l )/T)

P, (fusion)<««1 for heavy systems



Probability that after 1 n emission

PI (supvival) - F” X P< " the excitation energy is less than
I +T° the threshold for second chance

" / fission or 2n emission.

Partial widths for emission of light particles - Weisskopf formula

where: pmax i C Upper limit of the final-state excitation
E E Erot B V - P energy after emission of a particle 7

G, ~ cross section for the production of the compound nucleus in the inverse process
m;, 8., €& - mass, spin and kinetic energy of the emitted particle

P, p; — level densities of the parent and daughter nuclei

The fission width (transition state method), E*< 40 MeV
U fiss = 1 J.E?ax P s (EF™ —K)
27 p(E )

. Upper limit of the thermal excitation ener
ET™ = E™(saddle) - E,,, (saddle)—P  f the saddle ”

dK



The level density is calculated using the Fermi-gas-model formula
p(E) o« expl2-/aF)

- Shell effects

included as proposed by Ignatyuk
(A.V. Ignatyuk et al., Sov. J. Nucl. Phys. 29 (1975) 255)

@ = Qpger {1+ 5’7}@” L—e /5 )}

where: U -excitation energy, £Ed - damping parameter

- shell correction energy, & .,(9.5.)  (Méller et al., At. Data Nucl.
Data Tables 59 (1995) 185),
8 hen (saddle)= 0

5shell

Aacro = 0.04543 7"0314 +0.1355 r02A2/3BSj +0.1426 roA]/?)Bl{
1o =1.153 fin
E, =185MeV  (W.Reisdorf, Z. Phys. A. - Atoms and Nuclei 300 (1981) 227)

B., B, (W.D.Myersand W.J. Swiatecki, Ann. Phys. 84 (1974) 186)



Fission barrier B¢=B(macro) ~Eshel

B¢(macro)= Eoddle(macro) = Esphere(macr‘o)

For nuclei with Z > 106 there is
ho macroscopic barrier

T T T T T T T T ] |
Eg?ell Bf 6 - shell
i} . Egs
macroscopic i }
energy .
> 4t -
)
Gs. | \ 2 L il
' )
deformation — 2 By
. . 1 - -
the macroscopic energy in saddle
configuration > deformation at I TR ST ST T e
the saddle point (A. Sobiczewski 7

et al. private communication)



P. Shape of the kinetic energy
spectrum
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Fit to 27 excitation functions
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Parametrization of s;,
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results
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Deformed nuclei
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Deformed nuclei Predictions for'
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Kazimierz 2008

Summary

- Extended version of the FBD

model was presented.

» Good agreement with existing

experimental data (entrance
channel effects reproduced).

* Predictions for the production

of new isotopes of elements 114
and 115 were presented.

Kazimierz 2010
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