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Introduction: Nuclear fission 2/12

« Decay mode in heavy nuclei
« End point of r-process « Large amplitude collective motion

* Many-body quantum tunneling

Nuclear chart

Courtesy of G. Scamps
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Spontaneous fission by density functional theory (DFT) 3,

WKB approximation ). Sadhukhan et al, PRC88, 064314 (2013), etc.
Fission half-life
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Collective inertia by density functional theory 4/12

Former work: Cranking formula Comparison (QRPA/Cranking)
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Inertial functions in five-dimensional collective Hamiltonian
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Objective: Fission in Fm isotopes 6/12

Mass distribution of fission fragments
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Calculation set-up 7/12

S = / s V2M(s)(V(s) — E)/h

1

V() : Constrained Skyrme HFB along the fission path

potential

Constrained on Q5

Fix Q39 = 0 = Symmetric fission path only

M (s) : Local QRPA on constrained HFB states with the finite amplitude method
3(e(s)|[Ha(s), Q'(5)] — %P@'(s)@(s)) =0
5(¢(s)| [ Hm(s), %P’i(s)] = Ci(5)Q'()|9(s)) = 0

Computation time: 60000 - 70000 hours (for 30 states)

Select the most collective mode

Washiyama, Hinohara, Nakatsukasa, PRC103, 014306 (2021)
E =0 MeV



Result: fission barrier, collective inertia in Fm isotopes s/:>

Fission barrier Inertia
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Impact of collective inertia on fission half-life 9/12

Fission Half-life
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Data from N. E. Holden and D. C. Hoffman,

Pure Appl. Chem. 72, 1525 (2000)

T1/2:1n2/(np) |

1 4 exp(25)

A. Baran, Phys. Lett. B 76, 8 (1978)
Sadhukhan et al, PRC88, 064314 (2013), etc.

n — 1020-38 41 P =

QRPA vs. cranking inertia

5—6 orders of difference
Impact on half-life

Overestimation with QRPA inertia

Washiyama, EP) Web of Conf. 306, 01026 (2024)



Discussion
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Overestimation of the calculated half-lives in QRPA may be
improved by including additional collective coordinates

—> Decrease the action S = / cgi.s V2M (5)(V(s) — E)/h

S1

Additional collective coordinates
* Octupole moment, nonaxial (triaxial) quadrupole moment
* Pairing

- Induce a large variation in the inertia

“Pairing-induced speedup of nuclear spontaneous fission”
J. Sadhukhan et al, PRC90, 061304 (2014)



Pairing strength dependence 11/12

Fission barrier QRPA inertia
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Summary
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Spontaneous fission by DFT + WKB approximation
Collective inertia improved by local QRPA

Impact of collective inertia on fission half-life

Future work
Multiple collective coordinates
* Octupole and triaxial quadrupole moment

« Pairing as a collective coordinate

Fission half-life (s)
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This research used computational resources of Miyabi & Wisteria/BDEC-01 Odyssey (Univ.
Tokyo), provided by the Multidisciplinary Cooperative Research Program in CCS, Univ. Tsukuba.
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