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Asteroid Threat Assessment Project (ATAP)
Characterization 
• Measurements

• Inference

• Data aggregation

• Property database website

Hazard Simulations 
• 3D blast simulations

• Impact crater simulations

• Tsunami simulations

• Thermal radiation models

• Global effects

Probabilistic Risk Assessment 
• Analytic physics-based entry and damage 

models 

• Probabilistic Monte Carlo simulation using 

uncertainty distributions

Entry Simulations & Testing 
• Flow modeling and radiation

• Ablation modeling and testing

• Fragmentation and break-up

Asteroid Properties 

Entry Physics

Surface Hazards

Damage & Risk
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Ablation 
• Vaporization dominated 
• Melt fl
• Rapid recession

Validation 
• Flight similitude for entry vehicles achievable in ground-

test facilities in a piecewise manner 
• For planetary defense, flight similitude is effectively 

impossible 



For the rest of the talk: 
• The classical approach to 

modeling meteoroid entry 
• Relevant phenomena 
• NASA-led Advancements in… 
‣ Aerothermodynamics 

‣ Radiation 

‣ Ablation 

• Challenges and opportunities 
ahead
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Ablation Physics

Aerothermodynamics

Luminous Efficiency 



Surrounding free-stream 
atmosphere above 60 km 
≈ 250 K  & 20 Pa

B. Dias, Ph.D. Thesis, von Karman Institute for Fluid Dynamics



12 − 72 km/s
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Strong shock-wave 
 ≈ 15000 K  & 60000 Pa
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Heat

The intense heating from the shock 
layer is transferred to the meteoroid …
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 …and eventually the space rock melts.
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As the surface temperature increases, 
the molten layer evaporates.
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Spurny et al., Atmospheric entry and fragmentation of the small asteroid 2024 BX1: Bolide trajectory, orbit, dynamics, light curve, and spectrum, A&A, 2024
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A Model for Ground Damage from Thermal Radiation 



Johnston and Stern, Icarus, 2019



Johnston and Stern, Icarus, 2019



Radiation from Impact Plumes

Coates et al., Update on Detailed Simulations of Impact Plume Radiation, MWG 2024.
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Benesov Bolide, May 7, 1991, 
Czech Republic (Borovicka & 
Spurny, 1996)



‣ Simulated spectra able to capture 
most of the significant spectral 
features from the observation


‣ For both altitudes simulated, the 
integrated luminosity from simulation 
is within 30% of observed spectrum


‣ Based on this analysis, we have 
confidence that our approach could 
be used to improve luminous 
efficiency models, and thus help to 
better constrain inferred asteroid 
properties
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Massive 
ablation 
from 
vaporization

Flow of 
melted 
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Heated ablation 
products emit radiation, 
producing observed 
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Tamdakht H5 Ordinary Chondrite
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Fused Silica
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Fused Silica
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B. Bessire et al., Simulating Ordinary Chondrite Ablation at the Hypersonic Materials Environmental 
Test System (HyMETS), Asteroids, Comets, and Meteors Conference, 2023.
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Terrestrial Basalt



Outlook… 
• Synthesizing insights from 

ablation experiments with the 
theoretical modeling to derive 
new ROM for effective heat of 
ablation (Q*) 

• Broadband luminous efficiency 
model based on detailed 
simulations 

• Leveraging space-based 
observations of bolides
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Thank you! 
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