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Temperature is a cornerstone of thermodynamics, yet its 
measurement in high-pressure solids, dense opaque plas-
mas, and highly ionized systems remains one of the greatest 
challenges in extreme physics. Accurate temperature diag-
nostics are essential for understanding material behavior un-
der such conditions, but traditional methods are often hin-
dered by opacity and limited sensitivity. Using high-resolu-
tion inelastic X-ray scattering (IXS) at facilities like the Linac 
Coherent Light Source and European X-ray Free Electron La-
ser, we developed an advanced diagnostic capable of directly 
probing bulk ion temperatures. This technique leverages the 
exceptional resolution and narrow bandwidth of IXS to de-
tect small energy shifts and broadenings in scattered X-ray 
spectra, offering unprecedented insights into the ion dynam-
ics of matter in extreme states. In this talk, I will highlight how 
IXS has been utilized to address: (1) Electron-ion equilibration 
rates in warm dense matter, (2) superheating of solids to 
temperatures far exceeding their theoretical stability limits, 
(3) bond hardening under non-equilibrium conditions, and 
(4) Ion-acoustic wave propagation. The ability to directly 
measure ion temperatures and dynamics not only advances 
understanding of fundamental physics but also opens path-
ways for experimental research in HED science and beyond. 
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