
Breakout Session 1: Detecting and 

Characterising Impact-Generated Exospheres 

This breakout session will explore how we detect and characterize impact-generated 

exospheres, uniting observers, instrument experts, and modelers to investigate how 

impact-released vapor is produced, transformed, and measured from the Moon to 

Mercury, icy moons, and comets. 

Possible content to discuss: 

• Detection and analysis techniques of tenuous atmospheres 

• Vapour and melt production after impacts; role of target properties & 

temperature 

• Observational constraints: impact signatures, background meteoroid activity, 

linking observations and models 

Questions to start the discussion: 

Scientific understanding 

• What are the dominant uncertainties in measuring vapour production after 

impacts on different bodies (Moon, Mercury, icy moons, comets)? 

• How well do current instruments (UV, IR, mass spectrometers, plasma 

instruments) differentiate between impact-generated vapour and other 

sources (sputtering, desorption)? 

• What observational signatures are the most reliable indicators of impact 

vapour? 

• Can surface alteration signatures (albedo, topography, IR, ...)  be used as 

indirect signatures of meteoroid bombardment? 

Methodology / technique-focused 

• What detection techniques are currently under-used or have untapped 

potential? 

• What are the current estimates of meteoroid populations and influx rates 

across different bodies? 

• How can we better correlate meteoroid flux models with impact signatures in 

exosphere data? 

• Which datasets (ground-based, LRO, LADEE, BepiColombo, JUICE, Europa 

Clipper, Rosetta‚ …) could be cross-analyzed but haven't yet? 

Cross-body relevance 



• Is there a universal scaling law for vapour production across different bodies? 

Or are body-specific properties dominant? 

Future needs 

• What kind of new instrumentation or observing modes would most improve 

our understanding of impact-generated exospheres? 

 

 

 



Breakout Session 2: Micro-impacts and Regolith 

Evolution: Experiments, Samples, and Shock 

Modeling 

This breakout session will focus on linking micro-impact processes to regolith 

evolution, uniting specialists in laboratory impact experiments, sample analysis, and 

shock-physics modeling to understand how surfaces respond to continuous 

meteoroid bombardment. 

Possible content to discuss: 

• How micrometeoroid impacts affect regolith evolution 

• Compositional and mineralogic analysis of particles ejected in impacts 

• Evolution of icy regolith composition with repeated impacts 

• Shock record in physical samples (including sample return relevance) 

• Laboratory HVI (high-velocity impact) work, equations of state (EOS), 

empirical–observational–numerical interplay 

Questions to start the discussion: 

Process understanding 

• What are the key processes controlling how regolith changes under 

continuous micrometeoroid bombardment? 

• How do impact velocity, incidence angle, and target properties (e.g. porosity, 

layering, composition, salinity) influence the composition and phase of ejecta? 

• How does pre-impact microstructure (grain size distribution, porosity, …) 

influence shock response, ejecta properties, melt and vapour production? 

Lab–model–sample integration 

• Where do we currently see the biggest discrepancies between laboratory 

experiments, numerical impact models, and sample analyses? 

• How can shock features in returned samples be used to calibrate or constrain 

hydrocode models? 

• How reliably can laboratory-scale impact experiments be scaled to planetary 

conditions? 

• Which material parameters in equations of state introduce the largest 

uncertainties in hydrocode predictions? 

Data gaps 



• What parameter ranges (velocity, porosity, temperature, ice fraction‚ …) are 

poorly constrained by laboratory HVI experiments? 

• What measurements in future sample-return missions would most advance 

impact physics? 

Community connections 

• What would a strong standardized framework for sharing lab/experimental 

data look like? 

• How do we ensure reproducibility across different HVI facilities? 

 

 

 



Breakout Session 3: Impact-Driven Volatile 

Cycles and Habitability on Icy Worlds   

This session will explore the role of impacts in controlling volatile retention, surface 

rejuvenation, and potential habitability, bridging micro-impact physics with 

large-scale environmental consequences across icy moons such as Europa, 

Ganymede, Callisto, and Enceladus. 

Possible content to discuss: 

• Links between impact processes, surface evolution, volatile release, and 

habitability on icy moons 

• Impact-generated vapours migrating to cold traps / poles 

• Comparative approaches in the Europa Clipper & JUICE era 

• Combining observations, dynamical models, and surface process studies 

Questions to start the discussion: 

Scientific connections 

• To what extent do micrometeoroid impacts contribute to volatile liberation on 

icy moons compared to other processes (radiolysis, ion sputtering, 

cryovolcanism, UV photodesorption, sublimation, thermal desorption)? 

• How far can impact-generated vapours realistically migrate before freezing 

out? What controls this? 

• How is the icy surface altered by an impact? Can it crack the subsurface and 

form pockets of volatile in the subsurface? 

Europa Clipper & JUICE context 

• Which upcoming datasets from JUICE and Clipper could most constrain 

volatile release due to impacts? 

• What predictions should we prepare now to test when those missions deliver 

data? To what extent do micrometeoroid impacts contribute to volatile 

liberation on icy moons compared to other processes (radiolysis, ion 

sputtering, cryovolcanism, UV photodesorption, sublimation, thermal 

desorption)? 

• How far can impact-generated vapours realistically migrate before freezing 

out? What controls this? 

• How is the icy surface altered by an impact? Can it crack the subsurface and 

form pockets of volatile in the subsurface? 

Habitability implications 



• How do repeated impacts modify surface chemistry in ways that favour (or 

limit) prebiotic pathways? 

• Can micrometeoroid impacts create transient subsurface liquid pockets or just 

localized melting of astrobiological relevance? 

Integration & future directions 

• How do repeated impacts modify surface chemistry in ways that favour (or 

limit) prebiotic pathways? 

• Can micrometeoroid impacts create transient subsurface liquid pockets or just 

localized melting of astrobiological relevance? 
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