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Motivations

Ultra intense & ultra short & multi color x-ray free electron lasers
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RAS in intense x-ray laser fields
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Coherent control or resonance

Lorentz Meets Fano in Spectral Line
Shapes: A Universal Phase and Its
Laser Control

Christian Ott,> Andreas Kaldun,® Philipp Raith,* Kristina Meyer,> Martin Laux,* J6rg Evers,
Christoph H. Keitel,® Chris H. Greene,® Thomas Pfeifer™?*

doubly-ext

P2s.

rel, ahsorbant

Alfilter & [ helium-filled W T, it
polym. target cell i A . P . .
memb. l Ad -*.l . A\ } o1l B
filter ! Ip'l Y "\p\,\\"'\ 1 § .
3 ", ..n =1 - 1
%\ﬁ 8 0.05 _
f_ & n % i }f\/‘/\
S o0oof ]
A2
VLS grating —» « [
E -0.05 _— -
wo s w9 o
photon e..c.gyy v, e = A
Science 340, 716 (2013) Science 340, 694 (2013)




C*0 1s-2m

/ore-excited (R)

Ground
state (I)

Zhang et al. Phys. Rev. A 94, 063413 (2016)

All x-ray pump-control scheme of RAS

QShort (2 fs) delayed x-ray pulses
QPopulation transfer and coherent control

v" Numerical approach implemented in MCTDH
v In B-O approximation solving equations for vibrational wave function
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v" RAS computed using the norm of wave packet in state (A)
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Frank-Condon Analysis of RAS
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XAS and RAS are complementary techniques
for monitoring the nonlinear dynamics

XAS O RAS analysis is more clear for WP dynamics
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Summary

~ A nonlinear femtosecond X-ray pump-probe scheme to study the vibrational dynamics
of a core-excited molecular state is proposed.

Both RAS and transient absorption or emission spectra show strong sensitivity to the
delay time between pulses.

With strong control pulse, the vibrational distribution of the upper state is shuffled by
revolving the population via the resonantly coupled vibrationally excited state, which
results in a coherent change of the wave packet in the core-excited state, with clear
Interference effects in the according RAS spectra.

Compared to transient absorption or emission spectroscopy of the weak pump pulses,
the RAS spectra provide a clearer picture of the vibrational components involved.
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NO LINE SHAPE

« Strong-field interaction with vibrational quasi-continuum
e Laser Induced Continuum Structure (LICS)*
« Pathways via LICS and guasi-continuum results in Fano-profile
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