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What seeding might do for us ...

@ Category A: smaller bandwidth — “long”, spectrally narrow pulses

@ “Resonant by design”
— Xx-ray driven Rabi oscillations

@ “Resonant by accident”
— nonsequential (direct) two-photon absorption
— enhanced multiple ionization
@ Category B: shorter pulses — transform-limited sub-femtosecond pulses
@ Suppression of electronic damage in coherent diffractive imaging

@ Electronic coherence and correlation in the time domain

@ |maging of electronic quantum motion
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“Resonant by design”

B X-ray driven Rabi oscillations involving inner-shell electrons

B Modification of bound electronic dynamics leads to modification of
Auger electron line profile

B Step towards the development of nonlinear spectroscopy in the x-
ray domain



Resonant Auger effect
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X-ray driven processes competing with resonant Auger decay
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Resonant Auger line profile (SASE, 230 fs)
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Resonant Auger line profile (Gaussian pulse, 2 fs)
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Neon interacting with a high-intensity x-ray pulse at 848 eV
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Counts

Modification of Auger line profile by high-intensity x rays
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. Gaussian (theory)
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The resonant Auger line shape generated by an ensemble of SASE
pulses (averaged Gaussian temporal profile of 8.5 fs FWHM, 6 eV
bandwidth) and a longitudinally coherent Gaussian pulse (8.5 fs
FWHM, transform-limited).



“Resonant by accident”
— nonsequential (direct) two-photon absorption



Nonlinear production of Ne”*: observation
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Nonlinear production of Ne’": mechanisms
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Effective two-photon cross section of Ne®*: SASE
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Effective two-photon cross section of Ne®*": coherent case
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“Resonant by accident”
— enhanced multiple ionization



X-ray multiphoton ionization of xenon at 2 keV
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Enhanced multiple ionization at 1.5 keV
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Orbital binding energies of the ground configuration of Xe®
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Resonantly enhanced multiple ionization

caused by large SASE bandwidth

Photoabsorption cross section (Mb)
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Suppression of electronic damage
in coherent diffractive imaging



Time-averaged population of core-hole configurations

8 keV and 1 fs
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Number of photons scattered by a single carbon atom
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8 keV with spatial
resolution of 1.7 A
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Phys. Rev. A 83,
033402 (2011)



Suppression of electron impact ionization

S.-K. Son, L. Young,
and R. Santra,
Phys. Rev. A 83,
033402 (2011)
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Electronic coherence and correlation in the time domain



Attosecond photoionization of xenon: hole populations

hole population [107]
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Time evolution of the degree of coherence (full theory)

Photon energy 136 eV
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Time evolution of the degree of coherence (full theory)
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Attosecond transient absorption spectroscopy

Experiment
on krypton
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Imaging of electronic quantum motion



Time-resolved x-ray scattering theory

If x rays could be treated as a classical field, then one would expect
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A @ Probing dynamics requires a
finite spectral bandwidth.

o

@ As a consequence of this
bandwidth, it becomes impossible
to decide whether the detected
photon was scattered elastically
or inelastically.

i

@ This problem persists even if the
scattering detector has perfect
energy resolution.
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QED vs. semiclassical theory
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Conclusions

X-ray free-electron lasers are great.

If they produced shorter, more coherent pulses, they would be even
greater!
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