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S1 Derivation of Eq. (9) within the PAW formalism

Within the PAW formalism [P. E. Blöchl, Phys. Rev.
B 50, 17953 (1994)], Eq. (1) reads

iT †T ∂

∂t
ψ̃n(r, t) = T †HKS(t)T ψ̃n(r, t), (S1)

where ψ̃n(r, t) is a pseudo wave function and T denotes
the PAW transformation operator.

In the LCAO method, the pseudo wave function
ψ̃n(r, t) is expanded in localized basis functions φ̃µ(r)
centered at atomic coordinates

ψ̃n(r, t) =
∑
µ

φ̃µ(r)Cµn(t), (S2)

with expansion coefficients Cµn(t). The corresponding
all-electron wave function is given by [compare to Eq. (7)]

ψn(r, t) = T ψ̃n(r, t) =
∑
µ

φµ(r)Cµn(t), (S3)

where the all-electron basis functions have been defined
as φµ = T φ̃µ.

The time-dependent all-electron real-space KS den-
sity matrix can be obtained as

ρ(r, r′, t) =
∑
µν

φµ(r)ρµν(t)φ
∗
ν(r
′), (S4)

where the KS density matrix in the LCAO basis ρµν(t)
is given by Eq. (8).

The transformation of the real-space KS density ma-
trix to the basis defined by the ground-state KS orbitals
ψ
(0)
n (r), see Eq. (3), is given by

ρnn′(t) =

∫
dr

∫
dr′ψ(0)∗

n (r)ρ(r, r′, t)ψ
(0)
n′ (r

′). (S5)

By expanding ψ(0)
n (r) in the LCAO basis as in Eq. (S3)

and inserting Eq. (S4) into Eq. (S5), we obtain after re-
ordering the integrals

ρnn′(t) =
∑
µ

C(0)∗
µn

∑
µ′

∫
drφ∗µ(r)φµ′(r)︸ ︷︷ ︸

Sµµ′

·
∑
ν′

ρµ′ν′(t)
∑
ν

∫
dr′φ∗ν′(r

′)φν(r
′)︸ ︷︷ ︸

S∗
νν′

C
(0)
νn′ . (S6)

Here, we have isolated the overlap integrals Sµµ′ used
regularly in LCAO calculations, i.e.,

Sµµ′ =

∫
drφ∗µ(r)φµ′(r) =

∫
drφ̃∗µ(r)T †T φ̃µ′(r).

(S7)
After simplifying the overlap integrals in Eq. (S6), we
obtain Eq. (9). We note that the PAW transformation
affects only the evaluation of the overlap integrals Sµµ′ ,
see Eq. (S7).

S2 Additional transition contribution maps for Ag55

On the following pages, we present the transition contribution maps (TCMs) for the Ag55 nanoparticle from
ω = 3.66 eV to ω = 4.25 eV in steps of 0.01 eV. All TCMs use the same color scale (see the main text for defi-
nitions).
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