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strong interaction
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Computational Quantum Dynamics

Computational Optical Sciences
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Morning session: Yabana, Nakatsukasa
Time-dependent Density-Functional Theory (TDDFT)
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Real-space 3-dim grid representation Y (Xi Yo Lk 1! )
Real-time evolution of the wave function

3 topics

1. Electronic dynamics under laser field
2. Nuclear density-functional theory
3. Developing real-time, real-space code

Afternoon parallel session: Tong, Koizumi, Hashimoto
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Atoms, molecules, solid under intense, ultra-short pulse laser
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One of the frontiers in current laser sciences

Ethylene molecule under
intense laser field

- Tunnel ionization,

- rescattering,

- high harmonic generation

Laser intensity: 1013-10W/cm?2
laser electric field is comparable
to field inside materials
4
Nonlinear, nonperturbative nature
in electron dynamics

Time resolution of
femto (10-15s) to atto (10-18s)-second

TDDFT calculation

will be discussed by X.-M. Tong
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Laser Induced breakdown in dielectrics
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Femtosecond laser machining We have achieved
Non-thermal, precise cutting technique First-principles Electron Dynamics Simulation
M.D. Perry et.al,
J. Appl. Phys. 85, 6803 (1999) -First calculation of electron dynamics in solid
under intense pulse laser
1.4 ns 350 fs P

-First demonstration of optical breakdown
within the time-dependent density-functional theory
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FIG. 1. (a) Drilling of enamel (tooth) with conventional 1053 nm, nanosec-
ond pulses (ablation threshold=30 J/em? for 7p= L4 ns). (b) Same as in (a) . )
but with the pulse duration reduced to the ultrashort regime (ablation COIIaboratlon Wlth JAEA
threshold=3 J/em? for 7,=35015). In both cases, the laser spot size was

300 pm. (c) cross section of hole made with 350 fs pulses.
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Laser pulse

Irradiation of intense, ultra-short pulse laser on dielectrics "=

Dielectrics

Calculations are achieved partly on PACS-CS.
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Keldysh theory (1965)
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Electron dynamics inside bulk material TR
Intensity 1 =3.5x10"(W/cm?) Bl
Frequency o =0.5 (eV) 3
0 1IO 2I0 3I0 4I0
Time (fs)
Total electron density (110) Density difference from ground state (110)

= 0.4

I- .31

= D.22

. - 0.13

CINGOINEO NGO

: - -0.05

- =014

- =0.23

- =0.32

LISPOINFAINFOIN I | [ s

Calculation: J.-l. Iwata
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Density functional theory for nuclear structure

Nuclei do . oon
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L : : e o ‘p\neutron
- Quantum liquid of two kinds of fermions _ 9
(protons and neutrons) Q0
_ _ Nuclear force
- Strong interaction « N
10-15m

Success of density functional theory for
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Current hot issues:
1. How and where the elements (nuclel) are created?
2. Find universal nuclear energy density functional of nuclei.

(UNEDF project, SciDAC, Yabana and Nakatsukasa take part in as foreign collaborator.)

“PACS=CS

- First principle calculation of nuclear force. (Ishii, Aoki)
- Green function Monte Carlo for light nuclei (Argonne, USA)
- Phenomenological construction of energy functional.

126 ;
Limits of nuclear " ae,
RIBF at RIKEN (T. Nakatsukasa, 2007.8-) existence . ’
(Radioactive lon Beam Factory, 2007-) e

Many-body approaches
for ordinary nuclei

0% Shell
Ab initio Model
few-body
calculations No-Core Shell Model

G-matrix
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Shape, excitation (optical response), and density-functional.
TDDFT for electronic and nuclear systems

- 160 | 180
Nuclear density-functional L spherical* orolate
Electronic density-functional g o
for molecules E
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Toward “Computational Nuclear Data Table” s

First attempt for comprehensive calculation
for optical responses of atomic nuclei (PACS-CS)
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Systematic investigation
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(indication for energy
density functional)

Peak splitting
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Computation for large systems: TACs-Cs
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developing efficient MPI code for massively-parallel machine

under cooperation with
- computational condenced matter group (real-space DFT code)
- high performance computing group
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orbital parallel space division
- Simple coding
- Communication among whole processors
in constructing density from orbitals.

- communication only with adjacent processors
- good balance among processors
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Present status of space-division parallel

B N

e Epeee
N, molecule 5 orbitals 3335 It Saet )
# of grid points  303/CPU =, G R,
# of CPU 256 = 4xX8X8 {_ﬂv OO =g vind
# of time step 10,000
Computational Communication | Communication
time time (adjacent) | time (Allreduce)
h* 959 s 333s
_%Aﬁ”m (X,y,2,t) (23.9%) (8.3%)
306 102
VXY, 2,0, (XY, 2,1) (7.6°/§) (2.50/§)
1290 s 227 s 378s
AJ(x,y.2)=—4zp(X, Y, 2) (32.2%) (5.7%) (9.4%)

In total, computation 71.2% + communication 28.8%

Example:
Coulomb explosion of fullerene (Cgp)
under intense laser pulse
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Quantum Mat |y-Body Systems Group

- Quantum dynamics simulation
- Computational optical sciences

Condenced matter physics
High performance computing

Particle physics _ - Real-time, -space DFT
Lattice QCD Time-dependent Efficient parallel code
Nuclear force density-functional theory

Nuclear Electronic
systems systems
_ - construct DF - Intense field

Astroph_ysms - systematics - excited states
Origin of elements Computational Life Sciences
Evolution of stars - Excited states, Optical

response of bio-molecules
- Electron dynamics in XFEL
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