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Experiment:
Short lived (dynamic)
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X-ray scattering offers a sophisticated way of measuring material properties
and testing theoretical models in dynamic experiments
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Scattering of x-rays from electrons
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Scattered x-ray signal contains information about ions, free and
bound electrons
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The properties of hydrogen under extreme conditions are
important to several fields of physical science
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Laser-driven shocks can be used to study the high-pressure
behavior of hydrogen

High intensity laser irradiation creates an ablation pressure that drives a
shock into a hydrogen target.

Liquid D,
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,
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Shock velocity

Since hydrogen is reflective at high pressure, velocity interferometry (VISAR) can
be used to measure the shock velocity and infer material properties.




Liquid hydrogen becomes metal-like under shock compression

Previous experiments have measured the hydrogen Hugoniot, observing a
transition to metallic behavior
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We use x-ray scattering to directly observe the free electron oscillations produced
by shock-induced ionization along the Hugoniot

B. Holst et al, Phys. Rev. B 77, 184201 (2008)




Experiments on cryogenic deuterium were performed at the 2
beam, long pulse Janus facility

: HOPG crystal
.| collective

| 1

VISAR
beam

..
e .
.
o
ooooo . cenn
----- R l
| SR . .
v * e
o » e
ooooo an e
ooooo .ews
----- PR /
S N G “ . . . » //
weinw . . . //
- - . 4
/4
&

Drive Probe

5

Drive 3!
[T
1w or 2w, 2-6 ns St
300-500)J
700 um spot

HOPG crystal Time
Noncollective
2w,2ns |  chamber
350 J, 400 pum spot S
Capabilities
Wavelength 1053 nm, 527 nm, 351 nm |
2 beams 1kJ/beam, 10, >3 ns; SR
140J, 1w, 250 ps
. » » Probe beam VISAR, interferometer
- - SilL 1 Pulsewidth 250 ps ~20 ns
Bandwidth: ~ 2 103 HLy-a ] Spot size 17 um
Contrast: |gp/l.,>10 \ ] Rep Rate Zhr
N \4'3.4 eV
0 50-mm
/ \ rod amplifiers
1960 1970 1980 1990 2000 2010 2020 2030
Energy (eV)
7/26/12 Paul F. Davis




Cryogenically cooled copper target cell integrates x-ray source,
scattering geometry and x-ray shielding

Ni shield

Cu target body Gas-liquid transition

Drive beam
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Target = CH[12]AI[40]D,[900]Qtz[130]




Free electrons are observed at compressions > 3x
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Forward scattering spectrum shows the
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With VISAR and HYDRA simulations, we infer a sharp onset in
ionization of compressed Deuterium
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We use TNSA protons to volumetrically heat solids to 10s of eV

High intensity laser pulse
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Volumetric isochoric heating preserves mass density until hydrodynamic

expansion OCcCurs.




At LLNL’s Titan laser, we split the ultra-high-intensity pulse into
two arms to study high-T solids
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TNSA proton beam heats targets to nearly 20 eV
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Plasmon measurements indicate BN ionization < 50% B at similar

temperatures
Boron Boron Nitride
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Simulations show Boron becomes plasma-like under proton heating
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Persistent band gaps in high temperature Boron Nitride reduces

presence of free electrons
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Conclusion

X-ray scattering is a powerful probe of dense plasma conditions

First observations of x-ray scattering in cryogenic D,
-onset of pressure ionization at compressions ~ 3

-platform can be scaled to study D, structural phase transitions on
LCLS and extreme pressure behavior at NIF

First observations of x-ray scattering in proton-heated matter
-evidence for high temperature band structure

-continued development of theory capability for electron structure at
10s of eV

-ongoing Titan experiments in proton-heated systems
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