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Challenge
Nuclear forensics, including NCNS, needs accurate models of optical and RF emissions from
explosions to validate models

Large-scale, high explosive field tests generate data for such models, but:
* Expensive, subject to weather, and time-consuming
* Difficult to obtain high temporal and spectral resolution
* Difficult to distinguish important factors (e.g., metal [and ions produced], explosive type,
chemistry in the ambient atmosphere)

Laser-Induced Breakdown Spectroscopy (LIBS) can mimic aspects of large-scale detonations
* Provides high-resolution, time-resolved spectral signatures at
high pressures and temperatures 1064 nm
= 5-10 Hz repetition rate and shots can be integrated for high SNR
* |s time- and cost-effective
* Permits experiments that are easily modified, yielding
more variations on the parameter space
* Can be used to test and validate field diagnostics

Integration of lab and field studies: substrate
 Successful optical field collect at HET (FY14)

* Benchtop LIBS to prepare for HELIOS (FY16)
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Innovation: LIBS application to HE testing

Aluminum (Al) Studies:
LIBS applied to survey Al species in vacuum, air ,and argon (Al casing at HET/HELIOS)

 Select LIBS results compared to bombproof chamber and optical spectra from FY14 HET field
tests (2014 HET fielding funded as part of this SDRD)

 Tie to optical field studies focusing on the UV (reduced blackbody) and solar-blind UV
= impact on filters

= candidate analytical techniques to determine experimental conditions
(e.g., temperature and electron density)

Graphite Studies:
HE modelers are interested in understanding the effect of carbon on temperature as a function of
time.

* Time-resolved spectra of graphite in air

= Temperature with and w/o extraneous carbon source compared at 10 ps
(500 ns gate width)

= Chemistry explored: Formation of atomic and molecular species with laser sparked air

To our knowledge, this has not been done before.
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STL Shadowgraph/LIBS System Design
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Al LIBS vs. Aluminized Explosive: Al-l and AlO
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LIBS vs. HET Comparison: Timing and AlO Temperature

Low resolution Vis to NIR : HET
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Al-l: 394, 396 nm lines (3s%4s — 3s23p) and 308, 309 nm (3s%3d — 3s23p)
HET: 394, 396 nm—during burst and 2 ms later, strongest at 5 ms; gone by 10 ms
308, 309 nm—seen at 5 ms with UV spectrometer
LIBS: All observed in the ns to multiple ps range

lonic emissions: Not observed at HET, but dominate at early times with LIBS (up to Al**in vacuum)

Al combustion:

HET: Apparent within 2 ms of initial explosive burst. AlO simulation temperature (T) ~6000 K.
Blackbody Ts initially ~6000+ K range, followed by T ~4500 K.

LIBS: AlO observed from ~2—-16 us. AlO simulation from high-resolution spectra: T ~4400 K initially.
Blackbody is absent.

Perhaps different time scales are due to oxygen throttling in the explosions, and smaller Al particles formed with LIBS.

Note: imaged spectra from ASI demonstrate spatial dependence on AlO density and temperature.

s D RD 6 National Securi

ty Technologies'tc
Vision = Service « Partnership —_/
SITE-DIRECTED RESEARCH & DEVELOPMENT




SDRD FY15 Final Review, Sept. 17, 2015

LIBS as complement to HE field diagnhostic
specifications, calibration, and analysis

STL to field spectrometers and high-speed camera at
FY16 HELIOS: UV and UV-solar blind emphasis for
reduced blackbody and solar influence

* LIBS to inform camera filter selection and for
field diagnostic calibration before fielding

* LIBS of Al as benchmark for other metals—to quickly
determine relative lifetimes and emission strengths

LIBS indicates where to look spectrally. Better time and
spectral resolution in the field may permit extraction of
relevant parameters. UV examples:
1. Electron density via Stark broadening
(ex. Al-Il at 281 nm)
2. Observation of ionic Al species of interest to
RF modelers.
3. Temperature from pairs of species:
* Al-1:308.215 and 396.152 nm
* Al-ll: 263 and 281 nm
4. Temperature from molecular emissions:
* CN (B-X~388 nm); N,*(B-X~380 nm)

B SDRD
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INFLUENCE OF PRESSURE ON ELECTRON DENSITY: Al-Il 281 nm
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Graphite Studies

* Modelers want to know how graphite affects the temperature (T) of shocked air
* LLNL TNT model finds graphite is a dominant detonation product
 LIBS can ablate graphite while monitoring T and produces high-T air sparks

Sparked air—no graphite
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Temperature Simulations: w/o and with graphite

(1064 nm ablation, ~60 mJ, 10 us delay, 500 ns gate width)
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Air-Graphite Chemistry

Position of the laser focus changes species decay
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Summary and Further Studies

LIBS complements HE field tests and modeling

* With LIBS of Al: atomic and molecular species are consistent with those observed in
bomb-chamber and field
* LIBS can help drive field diagnostic needs and analysis
= FY14 SDRD UV-Vis field collects positioned us for HELIOS collects in 2016
o LIBS as a platform for field instrument calibration, and indicator of signatures (intensity
and lifetime) likely observable in the field
= Possible future studies:
o Collection of shadowgraphs to complement ASI copper studies, and for comparison of
Cu emission line intensities to Al
o With ASlI/Sandia, possible laser focus dependence of Al chemistry

* Focused graphite experiment:
= With graphite we provide information on a question asked by modelers

= Possible future studies:
o Explore configuration and spatial dependence of temperature; time dependence as well
o Mid-IR for CO, CO,, NO, NO,
o Diamond ablation with corresponding chemistry and temperature analysis
o Chemical kinetic modeling
o Effect of Al on graphite/diamond air chemistry
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Impact

We showed that LIBS should be incorporated into our explosive testing work

NSTec LIBS capability further developed: increased knowledge regarding
collection and analysis techniques

New collaborations started/developed for ongoing work:
* FY16 — HELIOS funding received for optical field work, based on FY14 UV-Vis results

* ASI (Rick Russo, Xianglei Mao), Sandia (Daryl Dagel, Olga Spahn)

= Proposal requested for potential collaborative funding in FY16,

leading to possible venture in FY17

* Allen Kuhl (LLNL modeler)

New interest from outside parties
* NA-22
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