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Motivation The grand challenge: microscopic description of nuclear fission

Nuclear fission is a remarkable problem in theoretical physics, which has been awaliting a description

within a microscopic framework for 80 years. The goal of this work iIs to advance our ability to
describe and predict complex non-stationary quantum phenomena, nuclear fission, and increase
T

ne predictive power of our theoretical tools. Specifically, within this project, we aim to determine
the dependence of the fission fragment properties, their excitation energies, angular momenta, and their
total kinetic and excitation energies (TKE and TXE) as a function of the (equivalent) incident neutron
energy In the induced fission of actinides, and compare against available experimental data.

Method We employ Time-Dependent Superfluid Local Density Approximation: TDSLDA

To describe superfluid dynamics In strongly-correlated Fermionic | .
TDSLDA: TDDFT with local treatment of pairing

systems, we use Time-Dependent Density Functional Theory o Sham scheme is extended for non interacting quasiparticle
(TDDFT) extended to superfluid systems, TDSLDA (see, e.g., [1,2]). DL cquations (fomally equvalont o TDHES o 115 eqsations)

We solve 1t In 3D uniform grids without symmetry restrictions. Since it N (hes() R 0 A\ fua(mt)
requires to solve a large number (10%-106) of 3D, non-linear, coupled i (’gﬁg:;‘g) . (hﬁg.a A A _,,ﬁf(,,,’t)) (?j:_:((jj 3)
PDEs, we do need supercomputer. With local treatment of pairing, the w0/ AT 0 R R O] Ak )
equations could be solved efficiently on GPUs: each thread takes care of . no(rf) = 37 lona(r,0)” : number densit
each lattice point. With the usage of supercomputers, it has been | " & 25" )= S s 0t ()¢ amomsovs denst
successfully applied to, e.g., collisions of two superfluid nuclei [3] as A= g ¢ paing i G =h S T (52 1) V)] - curtent
well as vortex-nucleus dynamics in the inner crust of neutron stars [4].

o ] ] _ ] ] . A large number (104-10%) of 3D coupled non-linear PDEs have to be solved!!
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Results We have studied dynamics of induced fission of *°Pu from saddle to scission and beyond

Using TDSLDA [1,2,5], we have studied dynamics of induced fission

of 24%Pu, as in Ref. [6]. In particular, we have examined the sensitivity of or 1|30

fission dynamics and fragment properties on various initial conditions, | E

as discussed in Ref. [7]. We have found that the collective motion is 2! 1 g%

highly dissipative and with little trace of inertial dynamics, due to 3 15: ; -

the one-body dissipation mechanism alone. This conclusion Is robust = |

with respect to the energy density functional used. An unexpected &10F - %

finding is varying the pairing strength within a reasonable range has s _f

only minor effects on the fission dynamics. We have also found notable ‘ 6
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differences In the excitation energy sharing between the fission x & e ]

fragments in the cases of spontaneous and induced fission, and we have =5 ™ " 00 150 200 250 300

estimated the neutron emission rates before the fragments are fully Q20 [b]

accelerated. We have also tested a stochastic extension of TDDFT [8] In Fig.1: Fission trajectories for SeaLL1 EDF. The red
a quantum hydrodynamic approach and typical trajectories with full (cyan) lines correspond to initial conditions slightly
unrestricted TDDFT augmented with dissipation and fluctuations. above (below) the outer fission barrier. The white

Some of selected results have been presented and discussed in Ref. [5].  dashed lines show the path linking the ground-state
minimum, the fission isomer minimum, and the Inner
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