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Extended x-ray absorption fi ne structure (EXAFS) 
spectroscopy will be used to characterize iron oxide (FeO) 
ramp compressed above 500 GPa
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• FeO is one of the main constituents of the Earth’s lower 
mantle and a potential building block of the Earth’s core; data 
on FeO material properties under these conditions are sought

• EXAFS spectroscopy provides information on local structure, 
density, and temperature in compressed materials

• A new high-throughput, high-resolving-power spectrometer 
is being designed to obtain EXAFS data at the Laboratory for 
Laser Energetics’ Omega Laser Facility

This work provides a basis for future EXAFS experiments on OMEGA, 
probing FeO under core conditions of the Earth and super-Earths.
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EXAFS spectroscopy studies the modulations above an absorption edge generated by the interference of the photoelectron’s wave function
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The EXAFS modulations are produced through the interface of the 
photoelectron’s wave function refl ecting off of neighboring atoms.

X-rays with energy greater than the binding energy 
of the core electrons will be absorbed. The absorption coeffi cient (n) is defi ned as t I
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o
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Metal oxides under extreme environments infl uence 
the evolution of the Earth and super-Earths
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• Iron is one of the most abundant elements in the Earth and, as a result of its many oxidation 
states, is highly reactive with oxygen; the abundance and movement of oxygen infl uence the 
evolution of the Earth’s atmosphere and hydrosphere [1]

• The makeup of the Earth’s core is still an open question and one potential candidate is FeO [2]

Characterizing FeO at extreme temperatures and pressures is critical in 
understanding the formation and evolution of the Earth and iron-rich exoplanets.
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https://phys.org/news/2015-12-earth-layers.html

Compressed FeO will be probed using an implosion backlighter, 
which generates a broadband x-ray pulse [3–5]
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VISAR (not shown) will provide sample pressure

VISAR: velocity interferometer system for any refl ector

Using the ramp-compression platform, FeO will be studied 
at high pressures and temperatures

E28020

Objective: Study FeO along the geotherm (above 360 GPa) and determine the melt line.

FeO samples will be procured 
in two ways:

 1) FeO samples will be 
sintered and cut to size [6]

 2) FeO samples will be   
 layered through physical
 vapor deposition (PVD)   
 onto diamond [7]
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The EXAFS modulations are fi t using theoretical models, such as FEFF, to determine the local structure of the material
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The model for the EXAFS modulations [12]
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vibrations in the lattice

Electron mean
free path

Interactions between the
photoelectron and absorbing

and scattering atoms’ potentials

sin[2kRj – Uj(k)]
R

N S F
ee

2
–

j

j j

j
2

0
2

2 j
2 2

| l k
k

= k v –2Rj/m(k)^ ^h h/

Nj: Coordination number
S02: Amplitude reduction 
Fj: Scattering amplitude
Rj: Half-path length

zj: Phase shift 
j
2v : Mean square variation in each path
m: Photoelectron mean free path The EXAFS spectrum for iron in the body-centered cubic 

(bcc) phase was taken on the Advanced Photon Source (APS) 
synchrotron. The modulations were extracted, and | was fi t 
using FEFF [12].

The fi t results for the fi rst four shells
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The Debye–Waller factor, obtained from the EXAFS fi t, 
is used to infer the temperature of the material [12,13]

EXAFS spectroscopy provides simultaneous multi-modal state-variable 
measurements in low temperature high-energy-density (HED) conditions
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• EXAFS—the modulation of an atom’s x-ray absorption probability as a result of the chemical 
and physical state of the atom

• As density increases, the nearest-neighbor distance becomes shorter—the EXAFS 
modulation period becomes longer. As temperature rises, the EXAFS signal decays faster 
at higher x-ray energies—the Debye–Waller Factor governs this decay

• EXAFS provides temperature measurements in the regimes of low temperature and high 
compression where streaked optical pyrometry (SOP) is no longer valid

• EXAFS can be coupled with VISAR and diffraction to simultaneously obtain the pressure 
of the material of interest along with the structure and density

Assuming the correlated Debye model and harmonic 
potentials, a relation between the Debye–Waller 

factor and temperature can be estimated

Higher temperatures cause 
damping in the oscillations
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Simulated EvH data were compared with current data of iron[12,13]
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Parameter Unit EvH

Energy range keV 6.0 to 10.5

Crystal 15-nm-thick HAPG

2d spacing Å 6.708

Radius of curvature mm 65

Angular coverage (°) 12.0

Crystal dimensions mm 14 × 165

Estimated spectral 
resolution E/DE ~1250 Fit results for the fi rst shell:

XRS
2v  = 0.00024!0.0070 Å2

HEv
2v  = 0.0054!0.0013 Å2

XRS: x-ray spectrometer
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A new high-throughput, high-resolving power von Hamos geometry spectrometer (EvH) is currently being designed and built

EvH will use a highly annealed pyrolytic graphite (HAPG) crystal Photometric estimates predict a factor of 5 improvement in S/N 
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