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This lecture will focus on x-ray scattering experiments at cryogenic conditions as a function of 
external pressure. After a first motivation for such experiments, technical aspects and 
realisations of the corresponding sample environments for synchrotron and laboratory 
instruments will be discussed.  
It will then be described how non-resonant and resonant x-ray scattering experiments can be 
used to clarify the many-body behaviour of interacting electron systems. In such systems one 
cannot -as it is often done- treat the electrons as independent entities. Rather the behaviour of a 
given electron depends in a non-trivial way on other electrons and, on top of that, may also be 
influenced by the lattice. Under these circumstances pronounced many-body physics can 
emerge and result in what is called a collective electronic quantum state. Famous representative 
phenomena are (unconventional) superconductivity, spatial charge and orbital order, long-range 
magnetic order or spin-liquids. Indeed, collective electronic quantum states of this kind 
constitute central unsolved puzzles of today’s condensed matter physics. Here experiments as 
a function of hydrostatic pressure at low temperature can help to solve them: Non-resonant x-
ray diffraction can be used to study the lattice structure at a given pressure and temperature, 
while resonant x-ray scattering provides a means to investigate spatial electronic order and 
collective electronic excitations at the same conditions. This will be illustrated in particular by 
recent research on charge density wave [1,2] and spin-liquid systems [3]. 
 
 
 

 
 

Figure 1: Schematic experimental setup for low temperature x-ray diffraction as a function of external pressure. 
The is sample inside a diamond anvil cell, which is situated within the cryostat.  
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Figure 4.5: XRD setup at ID09 of the ESRF. A photograph of the end station is shown in
(a). The scattering geometry is illustrated in (b). The setup allowed for sample rotations
about the !-axis. A MAR555 flat panel detector was used to collect the diffraction data up
to 2⇥ ⇡ 20�.

energy of 30 keV. A MAR555 flat panel detector was used to collect the diffraction data in
large regions of reciprocal space. At each pressure, we collected a dataset of 120 images over
a sample rotation of 60� with 0.5� scan width per image. The raw data (detector images) rep-
resent curved slices in reciprocal space according to the corresponding surface of the Ewald
sphere and are not suited for a direct interpretation. Therefore it is necessary to transform
the recorded intensity data onto a rectangular grid in reciprocal space – a procedure called
unwarp. For this purpose the software package CrysAlisPRO [73] was employed.

We increased the pressure up to 15 GPa and 8 GPa at constant temperatures of 300 K and
15 K, respectively, and monitored the pressure in situ using the ruby fluorescence as described
in references 74 and 75. During the low-temperature measurements we also cooled the sample
to 3.5 K at every pressure point above 4 GPa, in order to reach the superconducting phase.

In addition to these measurements, the C-NC transition at lower pressures was investigated
at beamline BW5 of the storage ring DORIS at the Deutsches Elektronen-Synchrotron (DESY)
in Hamburg. This endstation is equipped with a triple-crystal diffractometer along with a
solid-state point detector as described in reference 76. The advantage of such a setup is the
very high q-resolution as compared to the area detector setup used at ID09. In addition, the
signal to noise ratio is very good due to the analyzer crystal. For this experiment we used a
clamp-type pressure cell [77] and performed measurements as a function of temperature at
constant pressure.




