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LINAC-based X-ray Source 
(SPPS)2003–2006

Ultrafast x-ray science and LCLS R&D
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Single Shot X-ray Studies of Ultrafast Disordering In Solids

A. Lindenberg et al., Science 308, 2005
K. Gaffney et al., PRL 95, 2005. 
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Flattened potential
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High amplitude atomic motion in photoexcited bismuth

anharmonicity or electronic softening?  (Fahy and Reis PRL 93 109701, 2004)

Fritz et al., U. of M.
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Bi structure

Murray et al. PRB 72, 060301 (R) 2005.

Interatomic potential

Coherent Phonons
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Standard Pump-probe experiments

system response
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Accelerator-based experiments
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Indirect X-ray Pulse Arrival Time
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S. H. Lee et al. Opt. Lett., 29(22):2602–2604, 2004
A. Cavalieri et al., Phys. Rev. Lett. 94 144801, 2005



D. A. Reis

Pockels’ effect (linear electrooptic)

n0
Enx

ny

n~3, r41~4pm/V
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EO Crystal

Spatially Resolved Electro-Optic Sampling (EOS)
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Laser probe later relative to electron bunchLaser probe earlier relative to electron bunch
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Considerations and limitations
•Phase matching (group velocity mismatch THz and optical)
•dispersion in index and pockels’ coefficient.
•Interference between electronic and ionic susceptibility
•Phonon resonances
•Fabry-perot effects (“echos”)
•Angular dependence.
•Laser pulse duration and bandwidth
•Complex field profile radiated from e-beam

(transition-,diffraction- and Cherenkov radiation, cavity
modes of beam pipe….)



D. A. Reis

EOS measure of e- beam bunch compression
resolution limited by crystal
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~ 200 fs!"

Single-Shot EOS Data at SPPS (100µm ZnTe)
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Electron beam–X-ray beam timing correlation:
EOS and “Melting”

EOS and Melting s = 60 fs, likely resolution limited.

A. Cavalieri et al., Phys. Rev. Lett. 94 144801, 2005
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Movie of Data here:

Using Electrooptic sampling for Random sampling

D. M. Fritz et al. Preliminary Results!!!
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N=12463

x

f
n(t),x(t)

1.74 mJ/cm2 (absorbed), <n>∼1%; f =2.5 THz; <Δx> = 5pm; A > 0.92 pm 

Laser pump x-ray probe

Preliminary
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