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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
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All x-ray pump-control scheme of RAS
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Short (2 fs) delayed x-ray pulses
Population transfer and coherent control

 Numerical approach implemented in MCTDH
 In B-O approximation solving equations for vibrational wave function

 RAS computed using the norm of wave packet in state (A) 

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



8

Time-delayed RAS for weak and strong control pulses

Zhang et al. Phys. Rev. A 94, 063413 (2016)
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Frank-Condon Analysis of RAS

Zhang et al. Phys. Rev. A 94, 063413 (2016)
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XAS  RAS analysis is more clear for WP dynamics
 Independent channel
 Reach vibrational spectrum
 Easier experimental registration

XAS and RAS are complementary techniques
for monitoring the nonlinear dynamics

Zhang et al. Phys. Rev. A 94, 063413 (2016)
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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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• Strong-field interaction with vibrational quasi-continuum
• Laser Induced Continuum Structure (LICS)1

• Pathways via LICS and quasi-continuum results in Fano-profile

1) Popov, Kimberg, George, Phys Rev A, 68, 033407 (2003); 69, 043816 (2004)


