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ABSTRACT

The supplementary materials show followings; In Sec. S.I electronic structures of Cu and Ni with use of currently employed
pseudopotentials within the local density approximation are shown. In Sec. S.II, redistribution of charge density of Cu(111)
and Ni(111) surface upon laser pulse irradiation is shown. In Sec. S.III, the formalisms to compute the density of state at
a snapshot throughout the time-dependent density functional calculations is presented. In Sec. S.IV precision check of a
photo-induced dynamics of an isolated molecule using length and velocity gaues to express interaction between laser field
and electrons is demonstrated.

S.I Band structures of Cu and Ni with current schemes
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Figure S.1. (Color online) (a) Band structure of the Cu fcc cell. (b) Same as (a) but for Ni. The dash (red) line denotes the
location of the EF. Arrows (red) in (a) denotes DOS peaks below the EF.

The band structures of the Cu and Ni fcc unit cells are examined by using the generated norm-conserving pseudopotentials
and LDA. Calculations are performed using the theoretically determined lattice constant, which is +1% overestimated from
the experimental value. Since Cu 3d orbitals are fully occupied, only one band crosses the Fermi level (EF). Meanwhile,
the Ni 3d orbitals are partially occupied, causing multiple bands to cross the EF. These band structures are consistent with
previous calculations for Cu1 and Ni.2 (Note that the calculations in Refs. [1, 2] were performed with schemes of higher
precision than current one. Yet, the entire profiles shown in Figs. S.1 (a) and (b) are approximated well thanks to the recipe3, 4

in generating pseudopotentials.) This difference in the electronic structures between Cu and Ni causes the DOS peak of Ni to
be much closer to the EF than that of Cu, and could be the reason for the stronger infrared absorption of Ni.5 Arrows (red) in
Fig. S.1 (a) denote energy positions of DOS peaks as shown in Fig. 3 (b) of the main text.

S.II Charge modulation upon excitation
The charge redistribution throughout the TDDFT-MD simulation was analyzed throughout the TDDFT-MD simulation shown
in Figs, 2 (a), (b) of the main text. The charge redistribution along with surface normal direction (z axis in Fig. 1 of the main



text) was checked. Figure S.2 shows a one-dimensional plot of the charge density of Cu and Ni (111) surface along with
the z axis, and the plot of difference of charge densities between at t=159.72 fs (t=145.20 fs) and at t=0 fs for Cu (Ni) case.
The bottom panels of Figs. S.2 do not show significant emission into the vacuum region, instead show redistribution due to
photo-excitation and lattice motion.
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Figure S.2. (Color online) (a) One-dimensional plot of the charge density of Cu(111) slab along with z axis of Fig. 1 of the
main text. Upper panel shows the charge density at t=0. Position 0 Å in the lateral axis meets the center of the slab while the
right end position meets the middle of the vacuum region. The bottom panel shows charge density of TDDFT-MD simulation
at t=159.72 fs subtracted by the charge density of the upper panel. In both panels the charge are averaged in surface parallel
directions. (b) Same as (a) but for Ni and the bottom panel is at t=145.20 fs.

S.III DOS calculation at a snapshot of TDDFT-MD simulation
The DOS of TDDFT-MD simulation at t was calculated as

DOST DDFT (ε, t) =
1
π

Im∑
n,k

PT DDFT
n,k (t)

ε − εn,k + i0+
, (S.1)

where ε is the energy level, εn,k is the eigenvalue of ψDFT
n,k (r), which corresponds to the Kohn-Sham orbitals obtained by static

DFT simulation with the atomic coordinates of a snapshot of TDDFT-MD simulation at t=145.2 fs. The energy broadening
factor 0+ is set to 0.1 eV. The projection PT DDFT

n,k (t) in equation (S.1) is then computed as
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∫
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m,k (r, t)∗ψDFT
n,k (r)dr |2, (S.2)

where the occupation number fm,k for ψT DDFT
m,k (r, t) is fixed independent of t.

S.IV Precision check of TDDFT-MD simulation using length and velocity gauges for a
hydrogen fluoride molecule

The computed results of the photo-induced dynamics of an isolated system using length and velocity gauges are expected to
be the same. TDDFT-MD simulations of a hydrogen fluoride (HF) molecule are tested under an optical field with wavelength
of 800 nm, maximum optical field of 4 V/Å, and FWHM of 10 fs. The direction of polarization is along the HF molecular
axis. A periodic box of 5 Å×5 Å×20 Å containing the HF molecule was taken for the periodic boundary conditions with
the longest period 20 Å along with HF molecular axis. Nonlocal pseudopotentials are used for the 2s orbital of the fluorine
atom, and the plane-wave basis set with a cutoff energy of 62 Ry, as well as the Γ sampling point, is used. A sawtooth-type
modulation was introduced for the length gauge by inverting the polarity of r ·Eext(t) in the vacuum region.

As can be seen in Fig. S.3, the dynamics of H and F atoms obtained by TDDFT-MD simulations in length and velocity
gauges are almost identical. The charge modulation at 20 fs is displayed in Fig. S.4. A one-dimensional charge plot taken
along the HF axis is shown at 0 fs and 20 fs of simulation time. As highlighted in the insets of Fig. S.4, the charge modulations
obtained by TDDFT-MD simulation in length gauge and velocity gauge are almost identical.
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Figure S.3. (Color online) TDDFT-MD simulation of a HF molecule. Upper panels show time evolution of the optical field
polarized parallel to the molecular axis. Lower panels show the time evolution of positions of hydrogen (H) and fluorine (F)
atoms. The left panels were obtained using length gauge and the right panels were obtained using velocity gauge.

Figure S.4. (Color online) Time evolution of the one-dimensional charge profile along the HF axis. The horizontal axis is
positioned corresponding to the vertical axes in Fig. S.3. The plot was taken as t=0 fs and 20 fs. The thin solid (black) line
represents the plot at t=0 fs. At t=20 fs, the thick (blue) solid curve is obtained by using the length gauge while the thin
dashed (red) line is obtained by the velocity gauge. The inset highlights ρ(t=20 fs)-ρ(t=0 fs) for both gauges at the marked
region.
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