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Ultra-fast probing has recently received much attention for the in situ measurement of the 
structure and physical properties of matter at extreme conditions [1,2]. In particular the warm dense 
matter (WDM) regime, defined by moderate free electron temperatures of 10 to 100 electron volts 
(several 104 K) and densities comparable with solids, is a complex state of matter where many-body 
correlations and quantum effects play an important role in determining the overall structure and 
equation of state [3,4]. These states of matter are of great interest in many physical environments 
such as the physics of planetary formation [5], the modeling of planetary interiors [6], fusion 
research [7], and the laser matter interaction in general. The energy equilibration in such systems 
out of local thermodynamic equilibrium is of critical importance for the understanding of the quasi-
equation of state, opacity, and optical response of astrophysical and laboratory plasmas [8]. 
Because creating and studying such a regime of matter in a laboratory environment is extremely 
challenging, such investigations request highly controlled and accurate measurement as well as 
complex theoretical modeling. For that purpose, we performed an x-ray scattering pump-probe 
experiment with high temporal resolution to study the electron-ion equilibration processes where 
the typical time scales are on the order of several 100’s of femtoseconds to several picoseconds. 
Recently, x-ray scattering has gained considerable attention as an alternative diagnostic method for 
probing dense systems [9, 10]. This technique, which is the x-ray analogue of optical Thomson 
scattering, allows us to determine directly thermodynamic properties and dynamic structure factors 
of dense systems where optical light cannot penetrate. In our recent experiments at FLASH (April 
and July 2011) we were able to follow the dynamics of liquid hydrogen heated by optical laser 
pulses by probing the heated sample with 13.5 nm XUV FEL radiation at different time delays. The 
experimental setup is shown in Figure 1 and is composed of three high resolution XUV 
spectrometers directly looking at the interaction point under 20◦, 90◦ and 160◦ angle with respect to 
the FEL – laser plan . Horizontally the liquid hydrogen is injected as a target. During the campaign 
we were able to perform an in-situ calibration of the dispersion and the resolving power of our three 
XUV spectrometers [11]. Two additional XUV spectrometers developed and already integrated at 
FLASH were used to measure the incident and the transmission spectrum. By acquiring single shot 
data, we are able to compare each scattered and incident FEL spectrum to sort  our data with 
respect to the spectral fluctuations of the FEL beam. In addition we developed a “time zero” 
diagnostic to overlap the FEL with the optical laser pulse within the jitter limitation (roughly 



estimated to ∼100 fs). This diagnostic also allowed us to spatially overlap the liquid hydrogen jet 
with the pump and the probe beam.  
Although the data analysis is still ongoing, our recent angular measurements indicate that heating 
with the current optical laser system at FLASH leads to a large temperature inhomogeneity in the 
hydrogen target where only the front surface of the droplet is heated. The comparison of data taken 
with different hydrogen droplet sizes (8 and 18 µm) and with FEL heating, will help to clarify this 
result. Despite these density and temperature inhomogeneities the concept of collective Thomson 
scattering has nevertheless the potential to determine relaxation phenomena in these dense plasmas 
and actually resolve these inhomogeneities [12, 13].  
 

 
Figure 1: Experimental setup. 
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