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Macroscopic Radial and Tangential Friction from Microscopic Mean-Field Dynamics
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 In this project (NUCLHIC), we study low-energy heavy-ion reactions by developing and applying microscopic many-body theories.

 In FY2018, we have extended the “DD-TDHF” method to treat non-central collisions, and have successfully extracted radial and 

tangential friction coefficients as well as nucleus-nucleus potential for various systems involving doubly-magic nuclei.

We are planning to include pairing correlations to study the role of pairing in dissipative dynamics of nuclear reactions.
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Motivation

Towards the synthesis of
the heaviest elements

e.g. Element 113, Nihonium

Towards the production of
extremely neutron-rich nuclei

→ r-process, NS merger

Exploring novel dynamics
leading to exotic nuclei

e.g. inverse quasi-fission

We aim to develop microscopic understanding of low-energy nuclear reactions

We do want to understand complex reaction dynamics more intuitively - What can we do?

Microscopic description includes:

➢ We assume that the relative motion of colliding nuclei follows classical EoMs:

Exploring novel effects of
nuclear superfluidity

e.g. soliton-like excitation

K. Washiyama and D. Lacroix, Phys. Rev. C 78, 024610 (2008)

The method has been applied to various reactions involving doubly-magic nuclei
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internal excitations, nucleon exchanges, shell effects, deformation, etc.

Radial friction

Tangential friction
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cf. Phys. Rev. Lett. 119, 042501 (2017)

Nucleus-nucleus potential

a) Relative distance as a function of time

fusion

reseparate

At small impact parameters, we observe
fusion, while the system does not fuse at
large impact parameters because of the
centrifugal potential.

b) Effective nucleus-nucleus potential

(a)

Extracted effective internuclear potential
(central+centrifugal parts) as a function of
the relative distance. By circles adiabatic
potential for b=0 are indicated.

c) Radial friction coefficient

Reduced radial (c) and tangential (d) friction coefficients, β=γ/μ, as a
function of the relative distance. We find small impact parameter
dependence of the friction coefficients for 16O+16O.

(c)

d) Tangential friction coefficient

Test case: 16O+16O reactions at E/VB=1.4

cf. Phys. Rev. C 96, 041601(R) (2017)

➢ Heavy-ion reactions are described from nucleons’ DoFs:

TDHF eq.

:  single-particle wf. of neutrons (q=n) and protons (q=p) with spin σ

:  single-particle Hamiltonian composed of various densities

One-body density:
R

(d)

◼ Dissipative-Dynamics TDHF (DD-TDHF)  - Idea Microscopic
side

Macroscopic
side

mapping

corresponding friction coefficients and potential can be obtained.


