
Hydrogen T-n Phase Diagram
Different regimes in the phase-space can be 
accessed by XUV-pumping (13.5 nm) or optical 
pumping (800 nm).

Self Thomson Scattering
For a XUV pump – XUV probe scheme, free 
electron density and free electron temperature can 
be retrieved. Heating and scattering happens within 
the same pulse.

XUV intensity: 8*1013 W/cm², integration over 4500 shots

R.R. Fäustlin et al., PRL 104, 125002 (2010)
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Abstract. We present the results of experiments performed at the Free-Electron Laser in Hamburg (FLASH). It is shown how 
fundamental plasma parameters (T, n) can be determined from a pump-probe experiment. We present preliminary results of 
a FEL-pump-FEL-probe and an IR-pump-FEL-probe experiment where droplets of liquid hydrogen and their scattering 
behavior for different pump-probe schemes were observed under multiple angles simultaneously. The object of inquiry was 
the total scattered intensity which shows a strong dependency on the pump-probe delay and the observation angle.
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Optical pump – FEL Probe: Observation at 90°
For a scattering angle of 90° we observe a  
dependency on both the pulse duration and energy 
of the pump-laser.

Autocorrelator (Split-and-delay)
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Optical Pump – FEL Probe
When integrating the intensity over the spectral 
range of the FEL we observe a distinct pump - probe 
effect in both spectrometers, showing scattering-
angle-dependent plasma dynamics.

FEL pump – FEL probe: Observation at 90°
The Integration over the spectrum yields the 
scattered intensity. We observe a distinct delay 
dependency. The signal is asymmetric while the 
pulse should have been split 1:1 with 25% of the 
total power in each arm.

FEL pump – FEL probe: Observation 0°…40°
A delay effect in forward scattering direction, if at all 
present, is very weak.
As an open question the influence of polarization in 
the splitted beams and the dependency on FEL-split 
ratio has to be evaluated.

R. Mitzner et al., Opt. Express 16, 19909 (2008) 
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Results
The fundamental plasma parameters (T, n) for Self- 
Thomson-scattering can be determined from the 
scattered spectrum.
In the pump-probe case, the scattered intensity at 
90° rises very sharply to a peak at < 1ps, and 
decays rather quickly, while the intensity scattered 
in forward direction at 20° rises significantly slower 
to a peak at ~ 3ps, and decays slower.
One possible explanation for this effect is that the 
90° scattering signal is dominated by a thin heated 
front layer, whereas in forward scattering we mainly 
observe how the remaining part of the droplet is 
heated and thus leading to a longer time-scale.
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Experimental Setup

HiTRaX at 90°
Liquid hydrogen
droplet source
Ø 10µm
T = 15K
p = 1bar 

FEL 13.5nm
Pulse energy ≤ 100µJ
Pulse length ≈ 100fs
Intensity ≈ 1014 W/cm²

Ti:Sa 800nm
Pulse energy ≤10mJ
Pulse length ≥100fs
Intensity ≈ 1016 W/cm²
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