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— "HFBTHO” by Stoitsov
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» Gogny-HFB (Bruyeres-le-Chatel group)
— 5-dim. Collective Schroediner equation
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Collective Hamiltonian in 5-dim. quadrupole collective
coordinates constructed by the constrained HFB calculation

A=y 21 s pue 0 g, 10 y(a,,)-aV(aa,)
00“ 2 k=1 Jk 2 m,n=0and 2 aam mn aan ao’a2 a0|a2

=pcosy  a,=psiny
J.(ay, a,): moment of inertia — « Thouless-Valatin »

B.n(8g, 8,): collective mass (vibration) — « Cranking »

D(ay, a,): metric  D(ay,a,) = [ [ I (a.a,) det(B)
k=1,3

V(a.a,) = <(Dq|H|(Dq>

AV(ay,a,)=ZPE (rot.+vib)  ZPE,, neglected

Delaroche et al, 2009 Pack Forest Meeting

Properties of the first 2* levels
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Gogny-HFB + GOA

G.F. Bertsch et al., PRL 99, 032502 (2007)




Time-dependent density

functional theory
(3D lattice simulation for Skyrme functionals)

Mostly the functional is local in density
- Appropriate for coordinate-space representation

Kinetic energy, current densities, etc. are estimated with the
finite difference method

Time-dependen Kohn-Sham Scheme

Real interacting system

TD state TD density

¥ O),

Virtual non-interacting system

TD state TD density

I‘P(t))s 71




Time-dependent Kohn-Sham theory

Assuming non-interacting v-representability p r, t Z‘¢ r t)(
Time-dependent Kohn-Sham (TDKS) equation

l—¢(f f)= (——VZJrV[p](r t)}zﬁ (r,t)

vs[p]<r,t)=§;—f”t])

= ty .0
Sl =81 [ (@ol IO —~T|®ol1 1)
Solving the TDKS equation, in principle, we can obtain the exact time

evolution of many-body systems.

The functional depends on p (r,t and the initial state W, .

Skyrme TDDFT in real space

Time-dependent Kohn-Sham equation —in(r)

_l//i (r o7 ’t) = (hKS[p!T)jysvj](t) +V8Xt (tJ)WI (r oT ,t)
3D space is discretized in lattice

Single-particle orbital: ¢ (r,t) ={e (r,,t )} ia v, i=1---,N

1,---Mr 1

N: Number of particles

Mr: Number of mesh points

Mt: Number of time slices

Spatial mesh size is about 1 fm.

A

Time step is about 0.2 fm/c

Nakatsukasa, Y abana, Phys. Rev. C71 (2005) 024301
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Electric dipole responses
Finite amplitude method to Skyrme-HF+RPA

Inakura, Nakatsukasa, Yabana, arXive:0906.5239
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PDR: impact on ther-process

S. Goriely, Phys. Lett. B436, 10.

' Loranks

=  HFadmenski of sl [136]
[] GO [Eg ) ~
.:’ (L1 L] _ \H. |
¥ 4 .
B L -
= G
= o
E we S
.; § =42 MeV b .
LTl |
= § I 15 0 15 Hi
E [ieV]
[l T S P P PO e i
B0 Yy 10D IO 120 130
.'I.|
. 24Mg . 26Mg
" Prolate " Triaxial
» |
- .l :.
: *‘1"?‘1‘1 I [
I L - {o
! # ]
10 20 30 40 10 20 30 40
E.[MeV] E.[MeV]




: 25 - 0g;
- Oblate - Oblate
l - 0 20 30 40

E, [ MeV]
10 20 30 40
E, [MeV]
) |
Cal. vs. Exp.
25
=
s
—_— 5
-E meb 6
.1—__.-' 3
ol Jr .. ‘T 40 0
15 . T L Ca
{20 W7y
s
”] ¥ =
0 15 20 25 0
ook [MeV]




Lowest negative-parity states
(SGII functional)
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Terasaki-Engel, Peru-Goutte,

(Inakura, Ebata)

(Hinohara, Sato)




