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Molecular dynamics：
Electrons are under the ground 
(stationary) state
Atoms follow Newton’s classical 
dynamics
Thermodynamics、mechanics、reaction paths Adiabatic approximation is a 

proper approach.
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Lifetime of excited state compared to time for atomic motion is a key factor

Molecular dynamics under electronic excitation
ex). Photo-chemical reaction, high-energy atom/ion impact

F. Gai et al. Science 
279, 1886 (1998)

We need to treat electron 
dynamics!
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１．What’s excited state dynamics?

0．What’s ab inito MD?
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Time-dependent version of the Density Functional Theory
E. Runge and E. K. U. Gross, PRL, 52, 997(1984).

Instead of total energy minimization, minimize an action given as, 

Within DFT <φ｜H|φ>＝Etot → δA＝０ gives 
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Time-dependent Kohn-Sham equation
one-to-one relation with           and           with proper initial condition),( trv
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80 €
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126 fs

H2

Spontaneous O emission from CNT by electronic excitation!

CalculationCalculation
was done by was done by 
the Earth the Earth 
SimulatorSimulator

30 fs

60 fs
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TDDFT: plane wave and pseudopotentials
Classical MD with Hellman-
Feynman forces

Use of Hellman-Feynman forces based on Ehrenfest’s
framework. But we must seriously think about potential 
energy surface for ions at the moment of non-adiabatic 
transition.

Excited state dynamics within TDDFT-MD (Sugino, Miyamoto 
1999, PRB)
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In case of TDDFT, εn is not the eigenvalue but expectation value.
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…
…

…
..

Thanks to parallel computing

MPI_Allreduce
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EF

Charge transferCharge transfer

Static DFT:
Always as |g>

Simulating High-Speed Highly-
Charged Ion colliding to a solid 
surface
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Computational conditions (TDDFT-MD)

Computational conditions
1. Plane wave basis set (Ecut=60Ry)
2.Pseudo potentials (Troullier-Martins)
3.Γ-points with a 5x5 graphene layer (50 C atoms)
4.30 Å for vacuum region
5.dt=0.02 a.u.(4.84x10-4 fs)

Demonstration: Ar7+ passing through a 
graphene sheet
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15 Å

Ar7+

Graphen
e V.B.

-100 eV

-50 eV

0 eV

Ar 3s

Ar 4s

Ar 3p

Ar 3d

Graphene 
C.B.

Computational condition Energy levels
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Potential plus 
kinetic energyPosition

Å

e-levels

Ar7+ with incident energy of 5 KeV

Miyamoto, Zhang, PRB 77, 045433 (2008).
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Pioneering works: 筑波大学 矢花先生

Castro et al., Eur. Phys. J. D 28, 211 (2004).

Bertsch, et al., PRB62 7998, (2000).
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How can we know that the simulation goes 
numerically correct?

Let us use total-energy conservation rule.

In case of classical molecular dynamics (MD)

because
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In case of combination of MD and TDDFT

MD simulation must conserve

TDDFT term
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Example of TDDFT-MD 96 C atoms
under R.T. and 173→231 excitation
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Without time-varying external field

With time-varying external field
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Goes to zero!

Remains as non-zero!



24© NEC Corporation 2008

Work by external field is

Thus a new conservation rule is

Miyamoto, Zhang, submitted
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10-layer 
graphite

-

+

Fictitious charge (-)

Fictitious charge (+)

Test calculation:
AB-stacked graphite 
2x2 cell in lateral 
directions
under pulse E-field
Ecut=60 Ry
TM type 
pseudopotentials
Single k-point
dt=1.84 x 10-4 fs

Conservation rule was 
numerically confirmed
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1.Time-dependent density functional 
approach as a practical tool for nano-
engineering

2.Ion-surface interaction
3.Irradiation with pulse shot

Some applications will be presented


