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— DFT, TDDFT  ((Q)RPALHB#if)
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Muclear Landscape
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High-performance computing ~ DFT to cover all

One-to-one Correspondence
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The following variation leads to all the ground-state properties.
5{Flpl+ [ p(r)v(F)dr — ul [ p(F)dF ~N =0

In principle, any physical quantity of the ground state should be a
functional of density.
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Variation with respect to many-body wave functions \I—’(fi, T oV )
|
Variation with respect to one-body density p(f’)

Physical quantity A{,O(F)] = <LP[,0] ‘ALP[/OD

K ohn-Sham Scheme
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Kohn-Sham scheme
=20 ) =detig(F)
_;l_:nvz¢l +Vs[P]¢| =YY K S canonical equation
Density functional
Flo(E)l=T o)+ (FLo@)=To[o®)) = Ve [o(F)]
XU F=LRA )

Minimization of this density functional leads to

Vs [p](r) = ;;l(e;)

Nuclear DFT

Global properties, global calculations

S. Goriely et al., ENAM'04

HFB medeli: wecpor of mess production
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* Global DFT mass calculations: HFB mass formula: Am~700keV
 Taking advantage of high-performance computers



One-to-one Correspondence

Time-dependent state
starting from the initial state Time-dependent

|‘P(t0)> density

TD state v-representative
density
V(F,t) |‘P(t)>v(t) pv(r1t)

TD Kohn-Sham Scheme

Real interacting system

External potential

TD state TD density
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Virtual non-interacting system

TD state TD density
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Skyrme TDDFT in real space

Time-dependent Kohn-Sham equation —in(r)
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3D space is discretized in lattice

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

:]_’4..|V|r 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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Real-time calculation of

response functions

1. Weak instantaneous external <‘P(t)‘|£“~P(t)> .
perturbation

V.. (1) = F5(t) NRWAWAWAWY

2. Calculate time evolution of ‘ :

() |Fle () Comev]

3. Fourier transform to energy domain dB(a); |£) |
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Neutrons 160

5P, (1) = (1) (p5),

Time-dep. transition density

d0>0

op, () = p,®) (o),

Protons
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Cal. vs. Exp.
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Few-body-model calculation of
fusion cross section

» Real-time, real-space approach
* No need for scattering boundary condition
* Alternative method to the CDCC

Wave packet dynamics of fusion reaction
potential scattering with absorption inside a Coulomb barrier

Radial Schroedinger equation for 1=0
.0 n? d? .
ih—u(r,t)=| ———+VI(r)+iW(r) ulr,t
FU)=| VW) )
with incident Gaussian wave packet

. 2 10Be-208Pb (A,Z=10,4 and 208,82)
_ V0=-50 W0=-10, RV=1.26,RW=1.215, AV=0.44, AW=0.45
U(r ,to) —_ eXp - I kr - 7/(r - ro) E_inc=28 MeV (+Coulomb at R_0), R_0=40fm, gamma=0.1fm-2

Nr=400, dr=0.25, Nt=10000, dt=0.001

lOBe — 208Pb

Flux absorbed by W(r)
represents fusion.

Wave packet dynamics include scattering information for wide energy region.
Then, how to extract reaction information for a fixed energy?



Fusion probability

= (E) _ Pinit(E)_ Pfinal (E)
fusion Pinit (E) [] differential. eq. (static cal)
— wave packet method
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Fusion probability for whole barrier region from single wave-packet calculation.
No boundary condition required in the wave packet calculation.

Fusion probability of three-body reaction

0 (5= h n? = -
'hat‘//(Rr ) (‘ZV _%Vrz+VnC(rnC)+VCT(YCT)+VnT(rnT)]W(R1rit)

Coulomb + Nuclear potential
Absorption => C-T fusion
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Enhancement of fusion probability at sub-barrier energies

Case (2): Weakly-bound projectile (Neutron-halo)
y

neutron
\
c)

-n-C orbital energy: -0.6 MeV (Halo)

11Be(n+1°Be)-208Ppb

head-on collision (J=0)

p(Rr.t)= fd(cose].,/(R,r,H,t]2 p(r,e,t)zde\y/(R,r,e,t]z




Fusion probability of neutron-halo nuclei is suppressed

E

core ~ projectile
M core +M n

1.0
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Core incident energy decreases effectively by neutron breakup

core

Why different from other studies?
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= 2-body (10Be-208Pb)
= Coulomb+Nuclear, 1<=70
|| = Coulomb+Nuclear, I<=2

Conclusions of other studies

» Quantum calculations have been done using the
discretized continuum channels.

- Hagino et al, PRC61 (2000) 037602
Diaz-Torres & Thompson, PRC65 (2002) 024606

« Fusion was enhanced with a weakly-bound
neutron at sub-barrier energies

* Nuclear coupling was important for an the fusion
enhancement
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We need to include high-partial waves for n-1°Be motions.

The low-partial-wave truncation leads to an opposite conclusion!



Fusion Cross Section of 11Be

0 Fusion probability is hindered

Three body full calculation of *'Be + **°Bi by the presence of the halo neutron
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Ec m ( MeV ) Theory
o M. Ito, M. Ueda, T. Nakatsukasa, K. Y abana,
Phys. Lett. B 637, 53(2006)
Summary
DFT/TDDFT

«Systematic calculations for al nuclel including those far

from the stability line

*Description of large amplitude dynamics, such asfission
*Real-time, real-space approach to few-body models

*Accurate few-body scattering dynamics

*An alternative approach to CDCC



