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Resolving ultra-fast heating of dense cryogenic hydrogen
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Knowledge of thermodynamic properties of matter undereg®er conditions is critical for
modeling stellar and planetary interiors, as well as fortineconfinement fusion (ICF) exper-
iments. Of central importance are the electron-ion callishnd equilibration times that deter-
mine the microscopic properties of matter related to refliégtand thermal conductivity. On
a macroscopic scale, these affect the depth of mixing laypedsvian planets, as well as the
formation of a central hot spot and the assembly of a stal@ertbnuclear fuel layer in ICF
implosions. Uncertainties in the transport propertiesenske matter limit our ability to accu-
rately model such complex systems. As a versatile diagnasti for warm and dense matter
states, x-ray scattering was demonstrated on picosecahdaarosecond time scales. With the
advent of free electron lasers (FELS) the implementatiorodfmetric x-ray heating and accu-
rate x-ray scattering on the femtosecond time scale is n@orbasg possible due to the short
FEL pulse lengths (< 300 fs), their unprecedented peak trggs, and the high repetition rate.
To investigate dynamic processes of warm dense matter ¢nséuet time scales, pump-probe
experiments are necessary, where a first pulse generatecitadestate that is subsequently
probed by a second pulse at well-defined time delays.

We have used the split and delay capability of FLASH to predwo pulses of comparable
intensity to volumetrically heat dense cryogenic hydroged subsequently probe it by soft
x-ray scattering. The total scattered fraction rises to akpelue of 4 10 within 0.9 ps,
remaining constant for delays up to 2 ps [1]. This dynamiggmoduced with a Saha model
for ionization. In contrast, simulations using a quotidéeuation of state (QEOS) show quasi-
instantaneous heating within the FEL pulse duration of 300 f
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