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A new Era of Ultrafast X-ray Sources
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Pump-probe technigue
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Pump-Probe at synchrotron
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Solid-State Dynamics occur over vast time scales

Coherent and incoherent excitations in thin-film thermoelectrics
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Solid-State Dynamics occur over vast time scales

Thermal transport in thin metal films

non-equilibrium plasma
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Solid-State Dynamics occur over vast time scales

Magnitization Dynamics of Fe/Ge films
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Time-resolved Bragg Diffraction:
Coherent Acoustic Phonons
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Coherent Control of Pulsed X-ray Beams
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Electronic, Thermal and Mechanical Properties of
thin films and interfaces
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Time-Resolved XMCD at Fe L; Edge ... ‘.r.-‘
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Ultrafast Vibrational Spectrocsopy of Throughout Brillouin zone

A Motivation: anharmonic decay of phonons
(wavevector resolved!)
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One Motivation: Optical-phonon lifetime of InP
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Coherent zone unfolded phonons:
X-ray diffraction experiments (100ps)
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Coherent zone unfolded phonons:
X-ray diffraction experiments (100ps)
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State-of-the-art in ultrafast x-ray science

Measurement of the Interatomic Potential:
Enabled by ultafast x rays and random sampling technique
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Photoexcited carriers change the full vibrational spectra of Bi
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Observation of Ultrafast Melting?
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Observation of Ultrafast Melting?

=4
w

time

o
=]

50 fs, 800 nm
laser pulse

L=
[

Change in rms displacement [Angsiroms)

o
(=]

| i!17]
- i
- Tima [Fs)

o/ | . Flattened potentia

==

&

g g

T T

SPPS LR B

x-ray pulse i _E

g 8

x-ray probe early x-ray probe late -~ g

w/r/t pump w/r/t pump n- =

Cisplacament |&ngstroms|

Lindenberg et al., Science 308, 2005;
Gaffney et al., PRL 95, 2005; Hillyard et al., PRL 98, 2007.



Theoretical Predictions of Ultrafast Melting

Bond-charge model and DFPT for Silicon

Biswas and Ambegaokar PRB 26,1980 (1982 ,,_Recoules et al. PRL 96, 055503 (2006)
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Theoretical Predictions of Ultrafast Melting

Froquency (om'')

P.B. Hillyard, D.A. Reis and K.J. Gaffney, submitted PRB (2008)
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