A Spectrally and Temporally Resolved Optical Pyrometer for Measurements of
Optical Self-Emission and Reflectometry on OMEGA EP
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Prototype data from shock release in quartz Data generated with synthetic diagnostic
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The Streaked Optical Spectrometer with spectral resolution (SOP-spec) will

unlock a new class of investigations into laser compressed HED materials
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The current SOP system measures a single intensity value for the 590-700 nm band, used to infer the
temporally and spatially resolved gray body temperature®*.

« SOP-spec is being designed to capture the time-resolved emission spectrum, or reflectivity in the 450-
800 nm band

« Self-emission spectroscopy will be used for temperature measurements of materials with emissivities
that are non-constant or have unknown spectral dependencies

» Reflectivity measurements will provide a probe into the electronic structure of HED materials

« Final design work is currently underway with first expected usage on 6/22/2023 with many exciting
experiments to follow

* M. C. Gregor et. al. Rev. Sci. Instrum. 87, 114903 (2016)
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SOP is regularly fielded with the velocity interferometer system for any reflector
(VISAR) to constrain the equation of state variables of HED materials
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SOP is regularly fielded with the velocity interferometer system for any reflector
(VISAR) to constrain the equation of state variables of HED materials
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SOP is regularly fielded with the velocity interferometer system for any reflector
(VISAR) to constrain the equation of state variables of HED materials
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With SOP the gray body temperature is inferred from the absolute emission
measured within the 590-700 nm band with 1-D spatial resolution
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For this correlation the emissivity is assumed to be
spectrally independent which is not a good
assumption for all materials of interest (i.e. Na, Al,
Ag, CO,...). SOP-spec will be capable of directly
measuring the emission spectrum.
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* M. C. Gregor et. al. Rev. Sci. Instrum. 87, 114903 (2016)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!I\




[®®|

fIMELIORA}y

SOP-spec will be capable of measuring the time-resolved optical emission
spectrum in the 450-800 nm wavelength band, enabling new experiments
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* 8. V. Raju et. al. Journal of Applied Physics 110, 023521 (2011)
** P. M. Celliers et. al. Science, 361, 6403 (2018)



SOP-spec will be capable of measuring the time-resolved optical emission
spectrum in the 450-800 nm wavelength band, enabling new experiments
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SOP-spec will be capable of measuring the time-resolved optical emission
spectrum in the 450-800 nm wavelength band, enabling new experiments
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In addition, SOP-spec will be capable of measuring
low temperature (<05 eV) gray body spectra *S. V. Raju et. al. Journal of Applied Physics 110, 023521 (2011)
** P. M. Celliers et. al. Science, 361, 6403 (2018)




A prototype SOP-spec was previously implemented and used to collect time
resolved optical spectra

UR
LLE

Prototype self-emission data from shock release in quartz.
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A synthetic diagnostic has been created and benchmarked against the prototype
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Prototype data from shock release in quartz Data generated with synthetic diagnostic
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Based on a synthetic data study, the diagnostic’s throughput must be increased
by 3X to measure the temperature of a 0.5 eV gray body with 10% uncertainty
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This increase is achievable through a redesign of the
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Ongoing Work
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- Different detector options are being investigated including a ROSS streak camera with a new streak tube and
photocathode and multi-anode MCP-PMT arrays

« Different custom vs off-the-shelf spectrometer options are being explored

« Most optical components in the current SOP relay have been identified, but there are still some “mystery
mirrors” which we would like to characterize

« Investigating options for a new dichroic beam splitter between VISAR and SOP to narrow the data loss region

« Redesign of the reflectivity measurement platform to reduce preheat and background.




The Streaked Optical Spectrometer with spectral resolution (SOP-spec) will

unlock a new class of investigations into laser compressed HED materials
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The current SOP system measures a single intensity value for the 590-700 nm band, used to infer the
gray body temperature®*.

« SOP-spec is being designed to capture the time-resolved emission spectrum, or reflectivity in the 450-
800 nm band

« Self-emission spectroscopy will be used for temperature measurements of materials with emissivities
that are non-constant or have unknown spectral dependencies

« Reflectivity measurements will provide a probe into the electronic structure of HED materials as they
undergo transitions

« Final design work is currently underway with first expected usage on 6/22/2023

* M. C. Gregor et. al. Rev. Sci. Instrum. 87, 114903 (2016)




Questions/comments
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The reflectivity platform will require some redesign to reduce pre-heat and
background, but signal statistics are sufficient
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The current prototype can measure ~450-700 nm based on calibration with a NIST
standard tungsten lamp
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