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X-ray diffuse scattering from single crystals contains valuable information on dynamics and disorder. Thermal vibrations of the atoms, for example, contribute to diffuse scattering in-between Bragg reflections [1] which is usually dominated by acoustic phonons in the vicinity of Bragg reflections. Scattering intensity encode temperature, frequencies and eigenvectors of the phonons and a quantitative analysis in 3D allows to extract the full elasticity tensor to high precision [2]. In the first part of my presentation I will review this method and show how its application to high pressures allows to determine an absolute pressure scale by measuring the crystal structure together with the elastic constants in a single experiment. 
In the second part of my presentation I will focus on Quantum Materials in vicinity of phase transitions and show how pressure induced changes of the crystal structure result in peculiar changes of the diffuse scattering. As first example I will present results from the quasi-2D quantum magnet SrCu2(BO3)2 which has strong spin-phonon coupling and which undergoes interesting changes in its phonon dispersion relations upon application of hydrostatic pressure. Thermal diffuse scattering measured at a pressure of 4.5 GPa is shown in Fig. 1. A second example focuses on pressure induced changes of charge order in the kagome superconductor LaRu3Si2 which results in static diffuse scattering at high pressures and low temperatures [3]. 
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Figure 1. X-ray diffuse scattering in SrCu2(BO3)2 at a pressure of 4.5 GPa measured at ID27, ESRF using x-rays of 33.17 keV energy. 2D Reciprocal space reconstruction of H4L (a) and HK (b) planes are shown together with a 3D iso-surface representation of the 04 reflection.
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