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Some Questions in Soft X-ray Materials
Science at FEL s

Can we understand and control How fast can we switch magnetisation ?
strongly correlated electron systems ? .
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Ideally we would ||ke to follow the position of the atoms
and
the evolution of the electronic states at any given point in time,
i.e. map out multi-dimensional energy surfaces and see how complex
systems evolve on these surfaces
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Challenge:
=n Electron, spin, and nuclear dynamics and their interplay
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U'H Relevant timescales for electronic relaxation
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What can soft-x-rays do for you?
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Stroboscopic (Pump-Probe) Experiments

From static to dynamic
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Free-Electron LASer in Hamburg

Soft X-ray Materials Science
(SXR) at LCLS (since May 2010)

2.3 nm< A< 0.6 nm

LCLS x-ray experimental are



The PG-beamlines at FLASH

M. Martins, M. Wellhofer, J.T. Hoeft, W.
Wurth, J. Feldhaus, R. Follath
undulator A monochromator beamline for FLASH
Rev. Sci. Instr. 77, 115108 (2006)
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An atomic view on the dynamics of charge order in TaS,
from time-resolved core-level photoemission

Snapshots of electronic structure relaxation
in highly photoexcited Si
taken with time-resolved x-ray emission spectroscopy




Optical pumping - ,heating the electrons™ ?
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Ta 4f,., COW splitting Aqpy,, (8V)

Charge Ordered State:
13 atom cluster
.Star of David"
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Ta 4f photoemission -
a probe for charge order in TaS,

Equilibrium dynamics
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Hemispherical Electron
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 Transient decoupling of CDW and lattice distortion

» Same time scale as Mott gap recovery

* Fast formation of domain walls (~ 1ps)
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Dynamics of highly photoexcited silicon
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Evolution of electronic structure
after strong photoexcitation
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Hot electrons in CB

Temporal vanishing
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XUV induced transient reflectivity change in GaAs |



% Experiment
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Model: ultrafast electron relaxation
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XUV split and delay unit

Molecular wave packet dynamics - N,

Hot electron dynamics in Si



Source properties- Interferometry

temporal coherence
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See also R. Mitzner et al. Optics Express 16, 19909 (2008), PRA 80, 025402 (2009)
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XUV induced charge carriers in Si
Fluence dependence
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Hot electron

dynamics
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Model: surface confined diffusion

 Fast creation of carriers through Auger decay
(8fs) and inelastic e-e scattering

* Subsequent diffusion of hot carriers out of
probing volume (probing depth ~20nm)

« Layer of charge carriers confined to surface

« extremely fast motion in high fields




Perspectives

Pump IR or Optical XUV -
Probe Soft X-rays
IR or | Dynamics of low energy excitations ~ Create fine

. (e.g. carrier dynamics, nuclear wave | localized excited states
OP""Cal packet evolution, ..) in complex systems
XUV- ’hot | changes in electronic | Nonlinear Processes

: (SHG, Resonant
SO'H' X- Raman, four-wave
rays mixing.....)

shorter timescales are possible
@ Sub - femtosecond pump - probe

Bright future for powerful short pulse soft x-ray sources !



	Ultrafast Dynamics in Solids Probed and Induced by Soft X-rays
	Outline
	Collaborators
	Some Questions in Soft X-ray Materials Science at FEL´s
	Challenge: �Electron, spin, and nuclear dynamics and their interplay
	Relevant timescales for electronic relaxation
	What can soft-x-rays do for you?
	Stroboscopic (Pump-Probe) Experiments
	Opportunities at Free Electron Lasers
	The PG-beamlines at FLASH
	Foliennummer 11
	Optical pumping – „heating the electrons“ ?
	1T-TaS2 – a layered CDW / Mott-insulator
	Ta 4f photoemission – �a probe for charge order in TaS2
	Charge state dynamics after photoexcitation
	Conclusions: Electronically driven transition
	X-ray Emission Spectroscopy
	Time-resolved electronic structure maps
	Dynamics of highly photoexcited silicon
	Evolution of electronic structure� after strong photoexcitation
	Conclusion: Liquid-liquid transition in Si
	Foliennummer 22
	 Experiment
	Model: ultrafast electron relaxation
	Foliennummer 25
	Source properties- Interferometry
	N2 wave packet dynamics
	XUV induced charge carriers in Si�Fluence dependence
	Hot electron dynamics
	Model: surface confined diffusion
	Perspectives

