





PDR: impact on ther-process

S. Goriely, Phys. Lett. B436, 10.
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Linear density response in the time-
dependent density functional theory

One-body density operator under a TD external potential
. O
— PO =[Nl O] +Ver (0 £0)]

Assuming that the external potential is weak,

p(t) = po+p(t) h(t) = h, +oh(t) = h, + gﬁ .5p(t)
12 0p() = [y, 0]+ +Vor 0, ]

Let us take the external field with a fixed frequency w,
Voo () = Voo (@) +V ()€™
The density and residual field also oscillate with w,

Sp(t) = Sp(w)e™™ + 5p* (w)e"™
N(t) = h(w)e™™ + oh' (w)e"*



The linear response (RPA) equation
@3p() = [hy, 5p(@) |+ [o(@) + Ve, (@), o

Note that all the quantities, except for p, and h,, are non-hermitian.

5p(t) = 205% O |+ 5w, 1))
= ap(0)= XX, (@) +4)¥ (@)

This leads to the following equations for X and Y:
o] X, (@)) = (h — & | X ()) + Q{oh(@) +V,,, (@) | )
oY, (@)|=~(¥ (@)|(h, — &)~ {¢, [{oh(@) + Ve (@) }Q
Q- ;a—W )

These are often called “RPA equations” in nuclear physics.
X and Y are called “forward” and “backward” amplitudes.



Finite Amplitude Method

T.N., Inakura, Yabana, PRC76 (2007) 024318.

A method to avoid the explicit calculation of the residual fields (interactions)

op(t) = Sp(w)e™ ™ + op* (w)e™
N(t) = h(w)e'™* + h' (w)e"”
Residual fields are proportional to op(w)

) =21 o) dpl@) = (X @)+ )Y (@)

op

£o

This can be obtained with non-hermitian pseudo-density operators
A

P, = po+10p(@) = () + 1 X (@) N8|+ n{¥; (@)

=1

hp,]1=hlpy] +noh(w) +O(°)

)+0(7°)




Finite Amplitude Method

T.N., Inakura, Yabana, PRC76 (2007) 024318.

Residual fields can be estimated by the finite difference method:
1 .
(@)= (i v)l-h)
vy =|g)+n X (@), (v |=(4]+n(¥ ()]

Starting from initial amplitudes X(© and Y(©), one can use an iterative
method to solve the following linear-response equations.

o X,(@)) = (h— & } X, (@)) + Qioh(@) +V, (@) )
(¥, (@)| = ~(¥, (@)|(h, — &)~ (¢ [{(@) + Ve () }Q
Programming of the RPA code becomes very much trivial, because we

only need calculation of the single-particle potential, with different bras
and kets.



Numerical Algorithm

T.N., Inakura, Yabana, PRC76 (2007) 024318.

We want to solve the following linear-response equations:

K(A Bj [1 Oj\ Xoi (@) (Vow )
o | __

N

| B A O o Ymi (C()) (Vext )im
This is the linear algebraic equation of the form:
r 1
AXx =D

[
Starting from an initial vector X(O), one can use an iterative method to
solve the equations.

In the iterative algorithm, we do not need an explicit matrix of A, but only
need to calculate A)'<(-“-)

For non-hermitian matrix A, Bi-Conjugate Gradient Method, Generalized
Conjugate Residual Method, etc.



Skyrme FAM in 3D real space

Linear response equations
oX. (@;1) =(h, — & )X (@;1) + Q{oh(w) + V. (@) ¢ (r)
Y, (@) = (R~ )Y, (@i1) + Qoh" (@) + V2, (@) (1)
3D space is discretized in lattice
F & B amplitudes: X (r,®) ={ X (r,,o,)}irw, i=1LL,N

i N: Number of particles

—

/ N Mr: Number of mesh points

f \ ME: Number of energy points
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HHA 7 Energy mesh size is about 0.3 MeV

x\ L Inakura, Nakatsukasa, Yabana, in preparation.




Numerical Detaills . S

- SKM* Interaction / e+
- 3D mesh in adaptive coordinate

- R, = 15 fm, about 10,000 grid points
- Complex energy withT" = 1.0 MeV

- AE=0.3 MeV AN 4
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up to E = 38.1 MeV (128 points)
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- Energy-paralleled calculation adaptive coordinate
PRC71, 024301

PACS=CS
Parallel Array Computer System
for Computational Sciences

PACS-CS @ Univ. of Tsukuba T2K@ Univ. of Tsukuba
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Centroid energy of IVGDR
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Summary




