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Skyrme EDF for collective modes of
excitation in deformed nuclei with HPC




Outline

Skyrme energy-density functional method for collective
dynamics

Deformation effects in low-energy and giant dipole
excitations

Large-amplitude collective motion
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Skyrme EDF for collective dynamics

starting point: Skyrme EDF E[Q(’P), @("’)]

variation w.r.t densities: 0 F = ()

The coordinate-space Kohn-Sham-Bogoliubov eq. for ground states
J- Dobaczewski et al., NPA422(1984)103
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Skyrme EDF for collective dynamics

starting point: Skyrme EDF E[Q(’P), @("’)]

variation w.r.t densities: 0 F = ()

The coordinate-space Kohn-Sham-Bogoliubov eq. for ground states
J- Dobaczewski et al., NPA422(1984)103

Coupling to the continuum is appropriately taken into account.

Deformation is described easily.




Skyrme EDF for collective dynamics

starting point: Skyrme EDF E[Q(’P), é("’)]

variation w.r.t densities: 0 F = ()

The coordinate-space Kohn-Sham-Bogoliubov eq. for ground states
J- Dobaczewski et al., NPA422(1984)103

("™ iy ) () = 2= (i)

~ “s.p” hamiltonian and pair potential: ~ p9 = — < pI=_——

-~ R D A
> <q_,n T v

l

D 4



KSB calculation: MPI parallelization
use of N processors

neutrons protons
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QRPA calculation on parallel computer: MPl and BLACS
BLACS:

Basic Linear Algebra Communication Subprograms

*

*linear algebra oriented message passing interface

*communication layer of ScaLAPACK
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QRPA calculation on parallel computer: MPl and BLACS

QRPA: use of N processors
matrix elements of the QRPA eq.: Aa,@fy& Ba,@fyé
Ex.: use of 4 processors
aijp d4di2 ai13 Aai4 Aais
a21 a22 4a23 d4az24 azs
s 80 032 033 a4 B L s




QRPA calculation on parallel computer: MPl and BLACS

QRPA: use of N processors
matrix elements of the QRPA eq.: Aa,@75 Ba,@75

Ex.: use of 4 processors

. 1.9 a13 d4di4q ails
block matrix
a1 a9 az23 da4 ass




QRPA calculation on parallel computer: MPl and BLACS

QRPA: use of N processors
matrix elements of the QRPA eq.: Aaﬂfyé Ba,&yd

Ex.: use of 4 processors
aijlp ai2gpais g @13 Aai4
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Giant resonance in a heavy system

HFB cal. (64 CPUs)
Box size: 14.7 fm x 14.4 fm
Cut-off: Q= 32—1 E, <60 MeV
ORPA cal. (612 CPUs)
Cut-oft: E, + Ejs = 60 MeV

For each K~
# of 2gp excitation: ~50,000

matrix elements: 590 CPU hours

diagonalization: 330 CPU hours

LU ERRZVE  about 200 min for total strengths !
E (MeV)
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Deformation effect in photo absorption cross sections

KY, T. Nakatsukasa, PRC83(2011)021304R
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Low-lying dipole excitations in Sm

KY, T. Nakatsukasa,
PRC83(2011)021304R

In '%Sm

no strength below 8 MeV

v consistent with other QRPA cal.
N. Parr et al.,, PRC67(2003)034312

vinconsistent with exp.

A. Zilges et al., PLB542(2002)43

Z B(E1 1) = 0.27 e*fm?

E<10MeV :
; enhancement of the low-lying strength

1.5 e2fm? 1545 m a part of the mode coupling effects is in

5% of EWSR the deformed QRPA



Transition densities in '>4Sm

isoscalar structure
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Deformation effect in IS dipole excitation
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Deformation effect in IS octupole
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Deformation effect: coupling between IS dipole and LEOR
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Indication of the shape fluctuation around N=84
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Overestimation of the quadrupole transition strength w/ QRPA

close to the critical point of the shape-phase transition
from spherical to quadrupole deformed shape



.« — KY, N. HInohara,
Quadrupole collectivity around N=40 PRCE3(201 1Y061302R
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A. Gade et al., PRC81(2010)05 1304R 30
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Collective Hamiltonian approach

The classical collective Hamiltonian in (1+2)D: axially symmetric rotor

Requantization with the Pauli’s prescription

The collective Schrodinger equation:

Collective wf in the lab. frame
T

Y ark (BYQUIMK) = ®q1(B8)(QIMO)

: Fega) o A Collective wf in the intrinsic frame
The collective Schrodinger equation in the intrinsic frame:

— E(,[(I)Q.](,B)

'Tvi y — . : — : .
‘ oMs(3) 0B 78 a5 | a3

2M3(3) 0F | 2My(3)

1 02 [ 1 OMgs(B) 1 9J(B)] 0

Normalization: /f1.~"3|G(.¥3)|1/2‘1’21(*"3)‘1’”'1'(.53) X IJed with the volume element
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Mass parameters of collective modes in the QRPA

Generalized momentum and coordinate operators ct. Ring and Schuck

Collective kinetic energy for the beta vibration

IV :The most collective K™ — ()T mode
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Local QRPA mass: extension to the non-equilibrium point
N. Hinohara et al., PRC82(2010)0643 13

Kohn-Sham-Bogoliubov eq with a constraint:

dQ20 -
dq,

(an) = ([Q20, -P )




critical point at ¢°Cr

_ Exp.:A. Gade et al., PRC81(2010)051304R
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Toward a microscopic description of fission dynamics

Collective Hamiltonian for fission




Vibrational mass parameter of the fissioning 2>°Fm

LQRPA =
Cranking e
"ATDHFB-C A

comparison with
ATDHFB-cranking

SkM* + mixed-type pairing
A.Baran et al., PRC84(2011)054321
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Summary

Skyrme-EDF based QRPA for deformed nuclei

enhanced dipole strength in low-energy region
deformation: coupling between the IS dipole and LEOR

Skyrme-EDF based Collective Hamiltonian




