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-A few 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-Femtosecond x-ray 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phase transition dynamics, 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at free electron laser facilities 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Short length-scales implies ultrafast time-scales 

Short-pulse x-rays allow one to measure both technologically relevant  
length-scales and technologically relevant time-scales. 

Goal is to elucidate the atomic and nanoscale dynamics underlying material 
transformations  

Ultrasmall  Ultrafast 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PRL. 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Fahy 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al. 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Mapping the forces on atoms 

Molecular dissociation  Displacive excitation 

Melting transitions Liquid/Glass dynamics 

Debenedetti et al. Nature 410, 259 (2001) 
(Stampfli et al.) 
PRB 49, 7299 (1994) 



Going to shorter time-scales at synchrotrons 

Low alpha mode (SPEAR3) 
pulse durations < 1 ps feasible 
at full rep-rate 

Slicing (ALS) 
(100 fs, 20 kHz)  

Schoenlein et al. 
Science (2000) 

Streak cameras 
(1 ps resolution 
1-10 kHz) 

Crab cavities (APS) (5 ps, 100 Hz) 

Zholents et al., NIMA (1999) 



From J. Safranek 



Slicing femtosecond pulses from long electron bunches 



Free Electron Lasers and SASE Process  



FLASH in Hamburg 

Wavelength range (fundamental): 
13-48 nm (90eV-25eV) 

~ 6nm (200 eV in fall 2007) 
FEL third harmonic: 

4.6 nm (270 eV) 
Pulse energy: 

up to 65 µJ (average) 
120 µJ (peak) 

Peak power (fundamental): 
> 4 GW 

Average power (fundamental): 
up to 30 mW 

Pulse duration (FWHM): 
7-50 fs 

Spectral width (FWHM): 
0.5-1 % 

Peak brilliance: 
up to 5x1029 
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2.3 Å /ps 

Capturing the transition state: Ballistic motion of atoms on 
a softened potential energy surface 

Lindenberg et al., Science 308, 392 (2005) 



D.M. Fritz et al., Science 315, 633 (2007) 

Example 2: Optical Phonon Dynamics in Bismuth 



Comparison to excited state DFT calculations: Mapping 
excited state potential energy surfaces 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How does water boil? 

Zahn, PRL (2004) 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Structure factor measurements of the optically-induced 
liquid state 

Observation of transient increase in small angle scattering 



Simple model for short time observed behavior: 

• At short times, the transition occurs at constant volume.  

• A transient liquid with lower density than the equilibrium liquid will be 
formed 

Increase in scattering at low q for 
liquid densities smaller than the 
equilibrium density 

Increase in compressibility, 
formation of softer material 

• A supercooled low-density liquid 



The structure factor as a function of packing density 

(short time packing density) =0.35 

η(equilibrium liq) = 0.45 (long time packing density) 

Ashcroft et al, Phys. Rev.,145, 83 (1966) 



Observation of nanoscale nucleation phenomena and 
comparison to MD simulations of the ablation process 

MD Simulations (Lorazo et al): 

Phys. Rev. Lett. 100, 135502 (2008) 



New Opportunties at the Linac Coherent Light Source 



Self-Amplified Spontaneous Emission (SASE) 
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LCLS parameters: 

1012 photons/pulse at 120 Hz rep-rate 
800 eV – 8 keV photon energies 
transversely coherent 

1 mJ in 100 fs = 1010 W (total US energy consumption rate is  about 1012 W) 

focused to 1 um: 1018 W/cm2 (roughly the earth’s solar flux focused to the head of a 
pin) 



SLAC Research Yard 

The Linac Coherent Light Source Construction Project 

Near Hall Pump-Probe X-ray Hutch 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