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1. Introduction
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* Large-amplitude collective motions TDHFB equations were used to study
* Collision process of two nuclei the dynamical role of the pairing
«— TDHF has been a powerful tool. correlations in the process of fission and fusion.

Small-amplitude limit of the TDHF and TDHFB

— random phase approximation (RPA),
quasi-particle RPA (QRPA)




Study of the effects of the pairing correlations
and the continuum states in the neutron—rich
unstable nuclei
«— Skyrme—TDHFB + 3D spatial grids
- C.S.B. Avez and P. Chomaz, Phys. Rev. C78, 044318 (2008).
- S. Ebata, T. Nakatsukasa, T. Inakura, K. Yoshida, Y. Hashimoto, and K. Yabana,
Phys. Rev. C82, 034306 (2010).

- Stetcu, A. Bulgac, P. Magierski, and K.J. Roche,
Phys. Rev. C84, 051309 (2011).

another candidate:
i) Gogny-TDHFB + 3D harmonic oscillator (HO) eigenfunctions
ii) Gogny-TDHFB + spatial grids
- Y. Hashimoto, Eur. Phys. J. A48, 55 (2012)

- Y. Hashimoto, Phys. Rev. C88, 034307 (2013)
also see T. Matsuse, RIKEN Review 19, 18 (1998).

4 )
Recent results of the Gogny-TDHFB calculations

* 3D HO eigenfunctions
* 2D HO + Lagrange mesh (z-axis)
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2. TDHFB equations
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Gogny-D1S
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pp = 0.7 fim

W, =-1720.3 MeV

By = 1300 MeV

H; = -1813.53 MeV

My = 1397.60 MeV

t5 = 1390.60 MeV fim?(1+7)
v =1/3

Gauss part

density dependent
part

L-S part, Coulomb

pz = 1.2 fin

Wy = 103.639 MeV

By = -163.483 MeV
Hy = 162.812 NMeV

My = -223.934 MeV

ry = 1

W.e = 130 MeV fm®

- basis function : three-dimensional harmonic oscillator wave functions

vspace 1 Nypel = N + Ny + Ny <O




3. Results

3 - 1. TDHFB calculations with the three-dimensional (3D)

harmonic oscillator basis
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Variation of occupation probability
In quadrupole vibration 52T |
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Nonlinear quadrupole vibration and pairing in  >2Ti

pairing is zero
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Relaxation of nonlinear quadrupole vibration of 44Ti

Quadrupole moment vs time
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single particle energy (MeV)

Relaxation of quadrupole oscillation (4Ti )
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3 - 1l. TDHFB calculations with a Lagrange mesh
-- one-dimensional (1D) case --
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harmonic
. Lagrange mesh
oscillator
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>kHFB ° gradient method , diagonalization,
number constraints
hep = Top + Ty,

*ktime evolution:  ..5u.. -l
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Examples of
HFB and TDHFB calculations
with a Lagrange mesh



HEB: 290 and 3*Mg
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Strength functions of quadrupole [K=0] vibrations

Lagrange mesh

harmonic oscillator
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3 - 11l. TDHFB calculations with a Lagrange mesh
-- Application to head-on collision 2°0 + 200 --
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Now, the calculations are running on a computer.



4. Summary

1. (HF TDHF,) HFB, TDHFB calculations
with Gogny Interaction
* 3D harmonic oscillator basis
* 2D harmonic oscillator basis + Lagrange mesh

O strength functions
O adiabatic change of occupation probabilities
across energy-crossing point

2. Applications to the nucleus-nucleus head-on
collisions are in progress.

3. Extension to the full 3D spatial mesh is in progress.



