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- Theoretical Description of the Fission Process
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Induced fission

Fission mechanisms

Spontaneous fission
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Spontaneous fission observables
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Spontaneous fission half-life

A. Baran, Phys. Lett. B 76, 8 (1978)

In 2
Ty )9 = —
/2= 5

n 1s the number of assaults on the fission barrier per unit time

Penetration probability > P = (14 exp2S(L))~"  (WkKs)

. . 52 1
Action integral along > S(L) :/ 2 Mg (s) (Voge(s) — EO)]1/2 ds

the fission path L(s) ) A
Example :- 2 A V> Eo S5 Vert(s) = V along L(s)
§ ¢ L(s) Mg (s) = effective M along L(s)
S . : :
N 7 N Ey = ground state vibrational energy
elongation
V = Ej

Most probable fission path = Minimum action path

[ We need V(q1, g2....), M(q1, g2....) } < Self-consistent DFT
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Calculated potential energy

F[,O] - Skyrme functional with SkM™ parametrization optimized for fission study
J. Bartel et al. Nucl. Phys. A 386, 79 (1982)

n 3
— 01 -1V —268.9MeV fm
f(?“) — Vo(nap) [1 _ EM] Pe 0 6fm Vop — —332.5M€me3
2 pec :
J. Dobaczewski et al. Comp. Phys. Comm., 158, 158 (2004) Adjusted to reproduce the
‘n’ & ‘p’ pairing gaps of 2°2Fm

A. Staszczak et al. Phys. Rev. C 87, 024320 (2013)

Calculated with two constraints
Q,, (elongation) and Q,, (triaxiality)
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Calculation of inertia
A. Baran et al. Phys. Rev. C 84, 054321 (2011)

ATDHFB Inertia:- V—1

M. — Y Ty (F™7] _ F77*)

17 Unit = 103 #2/MeVb?
—F"'*:(BT%A—i—BTé 13 Zi—I—ZiE—FEl
qi C
9

A, B are quasipar hsiparticle energies

v time-odd densities
falculate E,

Derivatives of static det
using Lagrang

rturbative approximation)
08) (a|Q1]0)
o+ Eg)"
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Action minimization techniques

A. Baran et al. Nucl. Phys. A 361, 83 (1981)

Two numerical methods

5‘{1’;2 method (RM)--

Zak sin (Wk Lo ) + b.c.
o — I
b.c. demded by s1(x1,y1) and sa(x2, yo)

Y S(L) — S(al,ag, ..

. LQy)

path is decided by varying a; s

a,a, and a, are su_ﬁ:icient
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Trajectory becomes smooth enough
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Q,,(b)

How Inertia impacts the results

E,=1.0 MeV

Static path
(minimum potential path)

AL£4DPM
- = A4RM
12 | — - 4 iDPM

Dynamic path with cont. M

= - - Stati
8 ...CM;1 = M = M%;O at ground state
(DPM)
4 Dynamic path with MY
(DPM & RM)
0 Dynamic path with M¢
40 60 80 100 (DPM & RM)
0, (b) JSet. al., Phys Rev C 88, 064314 (2013)
20

Dynamical effects due to action minimization is not very prominent

With ‘MY :- Strong dynamical effects, triaxiality becomes unimportant
With MC :- dynamics is favoring triaxial saddle, similar to static path
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Importance of pairing degree of freedom

H =Hypp— Y MQap— Y ()\TNT _-
n=0,2

40 60 80 100 Path length L 40 60 80
O~20 (b) on (b)
T, ,(3D)/T,,(2D) ~ 10+ J Sadhukhan et. al. Phys. Rev. C 90, 061304(R) (2014)
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Fission fragment mass distribution: Our strategy

Potential energy (MeV)
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Spontaneous fission path of 24'Pu
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J S, W Nazarewicz, N Schunck. Phys. Rev. C 93, 011304(R) (2016)
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Spontaneous fission mass & charge distributions of 24'Pu
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Uncertainties in mass & charge
distributions related to variation
in the parameters of the model

J S et al Phys. Rev. C 93, 011304(R) (2016)
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Mass & charge distributions for
spontaneous fission of 24°Pu
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Partial contribution from different outer-turning points
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Nucleon localization function: predicting fragment properties
P-G. Reinhard et. al. Phys. Rev. C 83, 034312 (2011)

C. L. Zhang et. al. arXiv:1607.00422v1 [nucl-th] I Jul 2016

The spatial localization measure was originally introduced in atomic and
molecular physics to characterize chemical bonds in electronic systems.

1 1 |Vpgol2 42
Rqa(Fy 5) ~ _ <Tq0 . ‘quU| . ]CJJ> 52 + 0(53)
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NLF successfully describes the cluster structures in light and heavy nuclei
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NLFs

0.4+
02 I : ;;o;:(wz,w)
— (4,2)=(138,54)
000 15 a5 0 15
z (fm)
Proton

0.0

15 0 15 -15 0 15 -15 5 0 15 15 0 15

0 15 S5 L0 15 -
e Quter turming line - 18



Summary

Q Importance of non-perturbative inertia is established
Q Importance of nuclear pairing as a dynamical coordinate is studied

Q A hybrid (WKB+Langevin) framework is described in the contest of
SF yield distributions

Future works;
Q) Implementation of latest energy density functionals to study fission
Q1 Development of Finite Temperature formalism

Collaborators: Witek Nazarewicz (MSU), Andrzej Baran (Lublin), Jacek
Dobaczewski (York), Katarzyna Mazurek (Krakow), Nicolas Schunck (LLNL),
Javid Sheikh (India), Zachary Matheson (MSU), Chunli Zhang (MSU)

Thank You..................
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