
110/27/24 110/27/24Managed by Triad National Security, LLC, for the U.S. Department of Energy’s NNSA.

Deconvolution of 

Post-Detonation 

Mixtures of Soot

Madeline Stricklin (CCS-6)
Ry Farley, James Lee 

Rachel Huber, Allison Aiken

27 October 2024

LA-UR-24-31465



210/27/24

Sources of Soot

• Atmospheric Soot

− Formed through incomplete combustion

− Submicron Particles

• Detonation Soot

− Produced by shock-driven decomposition

− Much higher temperature and pressure regimes

− Chemical properties dependent on the fuel,  
detonation conditions, and environment 
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Sources of Soot

• Atmospheric Soot

− Formed through incomplete combustion

− Submicron Particles

• Detonation Soot

− Produced by shock-driven decomposition

− Much higher temperature and pressure regimes

− Chemical properties dependent on the fuel, 
detonation conditions, and environment

These factors are useful for defining source-
dependent features
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Source-Dependent Signatures
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Mixture of Signatures
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Mixture of Signatures

Is there another 
way we can 

represent this 
data?
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Latent Dirichlet Allocation

Key Points

• Statistical technique

• Specifically designed for mixtures

• Originally designed for topic modelling 

−  Topics, characterized by words; 

−  Soot characterized by moiety families; 

• Extension to mixtures of mixtures: 

− Originally designed for various types of dust particles (data is in counts of dust 
particle types associated with different locations)

− Extension to soot: use peak heights as “proportions”, and use these to sample 
“particles” (moiety families) from a given “location” (detonation soot)

− Multiple soot types, each defined by their own mixture of moiety families
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Convert Magnitudes of Spectra into Count Data

1. Partition the data into moiety families;
2. Use peak heights as proportions used to sample particles

3. Get Particle Counts
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A Case Study 

Suppose that… 

• We have a library of three types of detonation soots: 

1. Composition B detonated in Air 

2. Composition B detonated in Argon 

3. Fullerene 

• We can only observe pure samples of potential sources (from our library)

• We have observed three samples of trace soot (from the same detonation)

• Our trace source is a mixture of the three sources

− 20% Composition B in Air 

− 50% Composition B in Argon 

− 30% Fullerene

we don’t know this… 
this is what we want 

to learn!

this is what we use 
to train our model
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A Case Study 

When we train on all three sources:
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A Case Study 

When we give the model a little more flexibility

(What if our sample has a source that our library doesn’t know about?):
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A Case Study 

When we give the model a little more flexibility

(What if our sample has a source that our library doesn’t know about?):

Fullerene not in library Ar not in library

Air not in library
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A Case Study 

When not all of the sources are in the sample

(What if our sample doesn’t contain all of the sources in our library?):
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Takeaways:

• Given a library of potential sources, we can identify which sources are present 

(and in which proportions) in a mixture of soot 

− When all sources are present in the mixture 

− When only some sources are present in the mixture

• Even if a source is missing from that library, we can identify which sources are 
present (and in which proportions) in a mixture of soot


	Slide 1: Deconvolution of  Post-Detonation  Mixtures of Soot
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15

