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Cenerally:

Simulating dynamical response of
matter to external stimuli

Requirements:
Treatment of linear and nonlinear

response / weak and strong
perturbations of the system (electrons
and nuclei)

Processes of interest:
+Photochemistry: Light-induced
switching of atomic coordination and
spin state of Fe-containing molecular
complexes (Project A05)
+lon bombardment: Excitation of 2D
materials graphene or MoS;
(Project C05)
+Higher Harmonic Generation
+Light harvesting
+Transport

Density Functional Theory (DFT) offers
good compromise between efficiency and
accuracy

Implementation of

+Real-Time Time-Dependent DFT

+Semiclassical Mean-Field Nuclear
Motion

into the FHI-aims [1] code package

Functionality

Ehrenfest Dynamics
Coupled electron-nuclear

Dipole moment (eag) Laser fleld E; (Ep/eag)

Implementation of Real-Time Simulation of
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RT-TDDFT 1: Theory

Integrating the time-dependent Kohn-
Sham equation

ih 0, XS (r, t) = HES(£)TUKS(r, t)
HES () = HES 4 Vexs (1)

by applying the time-evolution operator:

Ut t) = Texp [—ih / ‘ dr HKS(T)]
t

TS (r, ¢) = U, ) T55(x, 1)

RT-TDDFT 2: Implementation

Current implementation status
+Full MPI-parallelism and scalability

+ Efficient and accurate numerical linear
algebra (Sca-) LAPACK support

+Periodic and finite systems

+Support for LDA, GGA and hybrid
functionals

+Python-based postprocessing interface

ming:
+Accelerated state-of-the-art time
propagation schemes

+Integration of optimized external linear
algebra framework ELSI

RT-TDDFT 3: Results

C6H6: Laser-induced dipole moments with RT-TDDFT
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C6H6: Absorption from FT of dynamical electronic dipole
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Project B02 — Ab-initio
Simulation of Electronic
Excitation and Relaxation

Ehrenfest 1: Theory

Integrating nuclear equations of motion
MR;=F;= —%(‘I’KSWKSI‘I’KS)

where nuclei feel average electronic
potential. Forces include non-adiabatic
coupling:

F; =FPP 4 FPFT

Time-dependent KS equation also gets
coupling term:

ih (at +) Ry v,) TXS(r, ¢)
I
= HES (1) T¥5(r, 1)

Ehrenfest 2: Implementation

Current implementation status
+Currently LAPACK (serial) support

+Finite systems

+Velocity Verlet nuclei propagation
scheme

+Non-adiabatic couplings & forces

Upcoming:
+Full MPl-parallelism via
ScalLAPACK/ELSI

+Wave function/density matrix
extrapolation for speedup & accuracy

Ehrenfest 3: Results

LIH: Laser-induced dipole moment and
nuclear motion with RT-TDDFT + Ehrenfest
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