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Ab-initio simulation

The coumarin molecule has been computed with at the sa-CASSCF(14/11)/6-31G* level of
theory with the program package Molpro!, including 11 electronic states. The coumarin ion has
been calculated at a comparable level of theory sa-CASSCF(13/11)/6-31G* for 8 electronic
states. The Dyson orbitals were calculated with program package OpenMolcas?. The transition

dipole moments from the neutral to the ion were calculated using a plane wave approximation

for the unbound electron with momentum p:

i (p)=(gn|r]e") (sD)

rx

where QZ is the Dyson orbital connecting state m of the neutral molecule with state n of the

ion and rx is the dipole operator for Cartesian component X.

Supplementary Discussion

we neglect the transition matrix elements between bound states for three reasons:

1) Usually the excitation without ionization and recombination won’t generate obvious
coherence between excited states separated broadly [see Fig. (2) in supplementary reference [3]

]

2) We think that considering direct transition between bound states is equivalent to adding a
constant term into the effective dipole in Eq. (5). Indeed, our method is applicable for well
separated pulses (impulsive limit) and thus, the dynamics during the pulse can be neglected.
Instead, we put more emphasis on the coherence oscillations, dephasing and population decay



during the interpulse delay, which is a typical focus of the time-resolved spectroscopies. Thus,
even if the coupling between bound states is included, there won’t be a significant impact on
the Fourier transform of the time-domain signal.

(3) While the laser intensity we used is strong, the central frequency is far from electronic
resonance. Thus, the excitation probability through perturbative process is very small. The
Supplementary Figure 1 illustrates the signal obtained by Fourier transformation of time-delay
dependent wave-mixing signal (3,1).
Polarization obtained from the channel of ionization-recombination can be written as
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On the other hand, the polarization from perturbative transition is given by
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where

4
SO (t,t,6,)=0(6)60(6,)0(t) Y[R, (1,1, 15, 1,) = R (1,1, 1,1,)]
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Fig. S1. Fourier transform spectra of the time-delay dependent wave-mixing harmonic signal (3,1). The blue and
black lines are calculated through Eq. (S2) and (S3), respectively.
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