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High Power Laser Facility at ESRF: Timeline

ID 24: Energy dispersive beamline optimized for time-resolved
and extreme conditions X-ray absorption spectroscopy

polychromator crystal

undulators

- Small focal spot ~ few um
- high flux ~ 10** ph/s
- fast (single bunch) acquisition (100ps)
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High Power Laser Facility at ESRF: Timeline

ID 24: Energy dispersive beamline optimized for time-resolved
and extreme conditions X-ray absorption spectroscopy

2015: Proof-of-principle: first shock-compression experiments on
Fe with a portable 35J laser at ID24
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High Power Laser Facility at ESRF: Timeline

ID 24: Energy dispersive beamline optimized for time-resolved
and extreme conditions X-ray absorption spectroscopy

2015: Proof-of-principle: first shock-compression experiments on
Fe with a portable 35J laser at ID24

HPLF Phase | (2018-2021):
Coupling of a 100J laser to ED-XAS ID24

- 2018: delivery and commissioning of laser front end providing 15J
- 2019: ESRF shutdown due to Extremely Brilliant Source EBS upgrade
- 2020: construction of 100J ns-shaped laser and infrastructure

- 2021: commissioning of 100J laser and user operation
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Commissioning Experiment
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Commissioning Experiment
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September:
— 4-bunch-mode of synchrotron

November:

- highest number of photons per pulse + -
largest separation between X-ray pulses

- laser alignment not perfect
-> lower pressure states

— Few shots on pure Fe, Fe-10wt%Ni,
Fe-25wt%Ni and FeNiSi
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Fe and Fe rich alloys under extreme conditions

- Understanding of the Earth’s and Earth-like crust
exoplanet’s core composition and evolution

- The Earth’s core mostly consists of Fe, supposedly
in an alloy with a substantial amount of Ni lower mantle

- Seismological studies also suggest the presence of
lighter elements (H, C, O, Si, S)

- Influence of minor elements on the Fe phase
diagram still not fully understood
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Warm Dense Matter: single pulse synchrotron x-ray absorption
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Fe and Fe rich alloys under extreme conditions
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Bcce-to-hep transition in shocked Fe-10wt%Ni
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Bcce-to-hep transition in shocked Fe-10wt%Ni
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Single shot XAFS of FeNi and FeNiSi alloys
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Single shot XAFS time delay scan of Fe-3.5%Si
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Single shot XAFS time delay scan of Fe-3.5%Si
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Single shot XAFS time delay scan of Fe-3.5%Si
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FeNi and FeSi conclusions

- Very nice quality of single-shot XAS spectra in 4-bunch-mode
- Higher pressures reachable in future

- Investigation of Fe alloys similar to cores of telluric planets under
WDM conditions

« Simultaneous density and temperature measurements
possible with XAFS

« Off-Hugoniot states with double shock

« Complementary Diagnostics of XRD, XRI and XES for
complete characterization of WDM states
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