Asymmetry of fission fragments

Anna Zdeb
Michat Warda, Artur Dobrowolski, Krzysztof Pomorski

Department of Theoretical Physics
University of Maria Curie-Sklodowska
Lublin, Poland

October 21, 2015

GANIL, Caen
Fors Ts%

e

g
%Q LU?"*‘é

WATEDR




GKIT
T,

2
2%
s m\ﬁ\‘e

NTEDR,

Outline ;

S
2
&

W

Asymmetry of fission
fragments

MOtivation Anna Zdeb

Static calculations
Fission paths
Pre-scission points
Pre-scission configuration
Random neck rupture mechanism
Results

Dynamic effects
The model
Probability current density
Results - 2%6Fm

Spontaneous fission half-lives
Shell corrections
Results

Dept. of Theoretical Physics
University of Maria
Curie-Sklodowska

2 Lublin, Poland



GKIT
T,

2
2%
s m\ﬁ\‘e

NTEDR

S
2
&

W

Motivation :

Asymmetry of fission
fragments

Anna Zdeb

Motivation

» Fission fragment mass yield is a one of the basic,
measurable observable

» The shape of observed fragment mass distribution allows
to determine the type of fission (symmetric, asymmetric,
bimodal)

» Accuracy of reproduction of the experimental mass yields
as a test of the theoretical models
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Pre-scission configuration
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Asymmetry of fission

» Neck rupture probability: o
Qp=129b P(z) = exp[-2y0(2)/T]

Q=062

» Linear density of a nucleus: Fiasonpatta

00 S
U(Z) =27 f er(za rl)drl Random neck rupture
0

mechanism

’ » Surface tension coefficient:
o s o 5 v =0.9517[1 — 1.7826(1 — 2Z/A)?] e e

6

4 » Temperature:
2
0

T =/12E</A
120 125 130 135 14C .
Al Shell corrections
» Excitation energy: .
B = Eyo. — Bl

Dept. of Theoretical Physics

Brosa U., Phys. Rev. C38 1944 (1988). PR

2 Lublin, Poland



NKI T,
S oy

Results %\P

AangorY

Asymmetry of fission

fragments
Anna Zdeb
1200 oxp —— 61 asepy, o
_. 800 _ 4
2 E) .
a o
n configuration
400 2 K ruptu
0 0
160 80 100 120 140 160
A
The mo
Pro urrent densi
Resul F
2521 exp —e— 6 180Hg exp —o—
5 4 5 4
= <
o o Shell corrections
iits
2 2
0 0
80 100 120 140 160 60 80 100 120 Dept. of Theoretical Physics

University of Maria
Curie-Sklodowska

A A
M. Warda, A. Zdeb, Phys. Scr. (2015). —in print [arXiv:nucl-th 1502.05564]
2 Lublin, Poland



Dynamic effects
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Feon = ~'5 3 32-Bj(Qe. Q)52 + V(Q2, ).

Fission paths

Random neck rupture

i_\léollgr‘rlr(QZ" Qs t= O) = Er77rgr71r(027 s, t = 0) mecharien

Results

@ The model

E [MeV]

Hcollg(OZ, 03, t) = ’Lh% [
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» Fragment mass distribution obtained after application of
macroscopic method (Brosa) to microscopically calculated
pre-scission configuration

» Time-dependent formalism applied to describe fission
process

» The broadness of the distribution is improved, when the
time-dependent formalism is combined with the
macroscopic method of Brosa
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Odd isotopes
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» Semi-empirical formula for the spontaneous fission
half-lives, depending on proton number and the ground
state microscopic corrections, reproduces data for
even-even super-heavy nuclei with rea- sonable accuracy.

» Quality of spontaneous fission half-lives evaluation breaks
down for nuclei with not measured yet masses.

» Simple formula might be useful for predictions of
spontaneous fission half-lives of unknown isotopes in the
region 90 < Z < 104.
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