
Laser Pulses for Shock Creation
We used 4 long pulse lasers with a 
combined energy of 250-290J,
527nm, a 700µm focal spot 
smoothed by phase plates and 
6-8ns pulse duration. This leads to
an intensity of 1013 W/cm2. The 
incident directions of the beams to
the target was from above and 
below the horizontal plane. 
  

Introduction
We investigated the solid-liquid phase transition of carbon at a pressure of 
1Mbar. The experiment was performed in February and March 2013 in Target 
Area West at RAL. The phase transition was initiated by a laser induced 
shock wave. The shockwave is driven into a graphite target by long pulse 
laser beams 6-8ns and was probed with intense, pulsed x-rays. 

Optical Streak Camera
The streak Camera enables the possibility to 
determine the shock velocity. With the shock 
velocity we were able to make some simulation 
for the final conditions. The simulations predict a 
density of 3.24g/cm³ for Flex, 3.83g/cm³ for GSI 
and 3:94g/cm³ for HOPG, a temperature of Flex 
1.35 eV, GSI 0.89eV and HOPG  0.60eV and a 
pressure of 140GPa Flexible, 166GPa GSI
and 173GPa HOPG.

Carbon Targets
The carbon targets had different thicknesses and densities to investigate a 
different final state. The different types of carbon are  Flex Carbon 1.3g/cm³, 
GSI Carbon 1.84g/cm³ and HOPG 2.27g/cm³ 

X-Ray Production
The x-rays were created by laser pulses with 230-270J, 1053nm wavelength, 
20ps pulse duration and 50-100µm focal spot resulting in an   incident intensity 
of 1016 to 1017 W/cm2 on a vanadium foil with 10µm thickness to generate the 
k-alpha line at 4.95keV. This was the first time that the VULCAN laser system 
was used at this x-ray energy.

The gold cone in figure 2 is used for shielding the experiment against X-rays 
and to collimate the k-alpha radiation.
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Diagnostics
Two x-ray spectrometers were 
used to measure the x-ray signal 
in forward and backward 
direction. The HOPG 
spectrometers were positioned at 
27° and 126° degrees relative to 
the initial x-ray direction. An 
optical streak camera measured 
the shock breakout on the back 
side of the carbon target.  

Scattering
To measure the Thomson spectra image plates were used. Beryllium filters were 
mounted to reduce the noise in front of the image plates.

The figure above shows the shock breakout time 
for all shots. The figure below shows the 
resulting shock velocities. On the left hand side 
is a typical streak camera picture. 

Lin Fit 1:  0.075x +   0.072
Lin Fit 2: -0.039x + 17.581

The left figure shows typical signal 
spectra for the source spectra of the 
126° and 27° degrees HOPG 
spectrometers and transmission 
spectra. It is important to consider the 
signal to noise ratio. The first step after 
energy calibration was to accumulate 
several „shock only“ shots. 

Conclusions
We were able to melt GSI and Flex carbon and the reached final conditions are in 
the 170 GPa regime with temperatures of about 1 eV and density of about 

3.9g/cm³. The main problems were the low conersion effiency from laser energy 
to the k-alpha x-ray line and the massiv bremsstrahlungs feature in the area of 
interest . An ideal x-ray source would be a Free Electron Laser for further 
experiments. FELs provide an ideal pulse profile and a sufficient intensity for the 
x-ray thomson scattering.

In the second step we subtracted the 
shock background for every scattering 
signal. On the right we present the 
summed 126° scattering spectra for 
Flex carbon. In the figure below we 
present the summed 126° scattering 
signal for GSI carbon. Both show a 
weak elastic scattering signal at 
4952eV. For the HOPG carbon we 

measured no scattering signal. 
Calculations of the inelastic scattering 
signal predict that the signal is weaker 
then the elastic part and we could not 
resolve it. Thus, it is not possible to 
determine a value for S_ii(k).
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They also produce a massive bremsstrahlung background signal in the 
energy area of interest. This problem can be avoided by subtracting an 
average value of multiple „shock only“ shots.  

shock wave had a 250µm diameter. In the RAL experiment we used a 700µm 
spot and different densities of carbon. The bigger spot produces a 
homogeneous target. Up on the right hand side the results of the experiments 
at GSI are presented.

Detector Position
The change of structure factor for the scattered photons with 4952eV energy and 
for an angel of 126° was chosen because the resulting k = 4.47e-10 m value is very 
sensitive to the phase transition in carbon and the region if free of Bragg peaks 
from cold carbon.

Structure Factor
The frequency-integrated electron structure factor S_ii(k) contains all the 
informations of the ion structure in the sample. If the form factors are known, 
a measurement of the ratio of the elastic and inelastic scattering delivers 
direct information about the atomic structure

Earlier Experiments 
Experiments at GSI with
similar pressures and
temperatures have shown 
that it is possible to generate
liquid carbon with an initial
density of 1,84g/cm3. The
laser focus on the carbon
target to generate the 
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