Measurements of T, and Z in Direct-Drive,
Shock-Heated Planar Targets
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Summary

The electron temperature (Te) of shock-heated CH
was measured with an uncertainty of +5 eV
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* CH foil targets designed to have a low adiabat (o = 1.5, 3)
were driven with intensities of 1 x 1014 W/cm2.

* The compressed foil conditions (Tg, Z) were diagnosed
with spectrally resolved x-ray scattering (XRTS).

* The lowest ionization (Z) of CH that can be resolved in this
experiment is Z ~ 2.

* Adding a high-Z dopant to the drive foil has a strong influence

on the scattered x-ray spectra, which may increase the Tg, Z
sensitivity of the XRTS diagnostic technique.
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Plasma conditions of shock-heated matter can be

diagnosed with spectrally resolved x-ray scattering

UR
LLE

* The spectral line shapes of the elastic Rayleigh and the inelastic
Compton components are fitted to infer T, and Z.*

* The Doppler-broadened Compton feature is sensitive to T, for Tg > TE.

e The ratio of Rayleigh and Compton intensities is sensitive to Z.

< AE, > Compton downshifted energy (eV)
.. Rayleigh 5 o
peak aE = WK 4T g (©)
Compton 2mg Ay

peak i
O: scattering angle

Ag: wavelength of probe

Energy shift

*S. H. Glenzer et al., Phys. Rev. Lett. 90, 175002 (2003);
E13470b G. Gregori et al., Phys. Rev. E 67, 026412 (2003).



Zn He, emission scattered from a direct-drive,
shock-heated CH foil was recorded
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X-ray radiation from the coronal plasma

must be shielded from the spectrometer
UR
LLE

Backlighter Backlighter

Coronal plasma beams beams

Drive beams

IgL =
7.0 x 1015 W/ecm?2 -

Drive beams IO

PR 3.5 x 1015 W/cm?2 Diagnostic fov—/
Diagnostic fov Coronal plasma
0 At = 2000 ps At = 500 ps

— T T T T

2 Compton peak Compton peak
zS /
h > Rayleigh \ M Rayleigh
S5 1T 4« peak 7 “W/\]\\‘pif\:
€=
=

©

~ 0 1 I l l I l

7 8 9 10 11 7 8 9 10 11

Photon energy (keV) Photon energy (keV)

E14210



The 1-D hydrodynamics code LILAC was used
to predict plasma conditions at shock breakout
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* The compressed foil has nearly uniform conditions



The electron temperature of shock-heated CH
was measured with an uncertainty of +5 eV
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The lowest ionization of CH that can be resolved

in this experiment is Z ~ 2
LLE
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e Bound electrons with binding energies much less than the Compton-
downshifted energy scatter x rays like free electrons.
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Adding a high-Z dopant to the drive foil has a strong

influence on the scattered x-ray spectra
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Br dopant may increase the Te, Z sensitivity
of the XRTS diagnostic technique.
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Summary/Conclusions

The electron temperature (Te) of shock-heated CH
was measured with an uncertainty of +5 eV

UR
LLE

* CH foil targets designed to have a low adiabat (o = 1.5, 3)
were driven with intensities of 1 x 1014 W/cm2.

* The compressed foil conditions (Tg, Z) were diagnosed
with spectrally resolved x-ray scattering (XRTS).

* The lowest ionization (Z) of CH that can be resolved in this
experiment is Z ~ 2.

* Adding a high-Z dopant to the drive foil has a strong influence

on the scattered x-ray spectra, which may increase the Tg, Z
sensitivity of the XRTS diagnostic technique.
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