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— Spontaneous fission
— Alpha decay
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— Sub-barrier fusion reaction
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Time-dependent density functional
theory (TDDFT) for nuclei

* Time-odd densities (current density, spin
density, etc.)

U)q(t) 7,(0),J,(0), J,(0),5,(1),T, (1);K (t)J
kine{ic / currént / Spin-k{netic /

spin-current spin pair density
 TD Kohn-Sham-Bogoliubov-de-Gennes eq.
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Decoupled submanifold

Klein, Do Dang, Walet, Phys. Rep. 335, 93 (2000)
Nakatsukasa, Prog. Theor. Exp. Phys. 2012, 01A207 (2012)

» Collective canonical variables (g, »)

~ {Sta:na} - {q'p; q“,pa; a = Z'W'Nph}
* Finding a decoupled submanifold X

Non-collective d.o.f.
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Numerical procedure

av vV 0dq

378~ 3g 728 — 0 Moving mean-field eq.
BBY (Vy :;a) aa;ﬁ, = w2 % Moving RPA eq.
Tangent vectors (Generators)
q'“z% i :% - £
Moving MF eq. to /
determine the point: £¢ ‘:' Move to the next point
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76, 024318 (2007))

y[fm]

3D real space representation

« 3D space discretized in lattice

* BKN functional: Ezkn|[p,T] (rather schematic)

* Moving mean-field eq.: Imaginary-time method
* Moving RPA eq.: Finite amplitude method (PRC

At a moment, no pairing

1-dimensional reaction path
extracted from the Hilbert space of
dimension of 10* ~10°.

Wen, T.N., PRC 96, 014610 (2017).
Wen, T.N., PRC 94, 054618 (2016).
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160 + a scattering

* Reaction to synthesize heavy elements in
giant stars

— Alpha reaction

\\

160 ‘He

( 20Ne



160 + a to/from ?°Ne

Change of density distribution along
the reaction path
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Eigenenergy [MeV]
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20Ne: Cluster states

Probability Distribution
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Mass [nucloen mass]
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20Ne: Inertial mass

Strong increase in the mass
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Reduced mass
M(R) - 3.2m



Reaction path

ASCC ——
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/ "\ Discontinuous with Q,, constraint

7 45 5 55 6 65 7
R [fmm]



20Ne: Collective potential
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Alpha reaction: %0 + a
Synthesis of ?°Ne

Fusion reaction:
Astrophysical S-factor
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« Sub-barrier fusion reaction
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* Perspectives

— Modern energy density functionals
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