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A better understanding of biosignature survivability in captured material at flyby velocities 

from the Enceladus plume is critical for future mission design studies. Typical sample 

capture velocities of spacecraft flying through the Enceladus plume are several km/s, 

resulting in extremely high shock pressures experienced by the sampled material. These 

conditions could result in degradation of captured organics or partial racemization of any 

chiral molecules potentially present. Our objective of this investigation was to determine 

the extent of molecular degradation and racemization of potential organic molecular 

biomarkers in simulated Enceladus plume capture conditions. In order to accomplish 

our objectives, we utilized a strategic, collaborative partnership with Georgia Institute of 

Technology (GIT) and JPL to carry out this investigation. 

Abstract 



a) Why Enceladus Plume Sampling and Analysis Strategies: One of Saturn’s 
moons, Enceladus, has become a highly attractive target for astrobiology 
studies due to cryovolcanism occurring at the southern region and a 
subsurface liquid water ocean. Because of this, a flyby mission to capture 
plume ejecta is a highly viable approach to analyze Enceladus samples in situ 
or via sample return. The sample capture velocities of spacecraft flying 
through the Enceladus plume are several km/s, resulting in extremely high 
shock pressures experienced by the sampled material. These conditions 
could result in degradation of organics or partial racemization of any chiral 
molecules present. With this in mind, a better understanding of 
biosignature survivability in captured material at flyby velocities from the 
Enceladus plume is critical for future mission design studies.  

b) Our Approach: In order to determine the extent of molecular degradation 
and racemization of potential organic molecular biomarkers in simulated 
Enceladus plume capture conditions, we planned to perform hypervelocity 
(up to 4 km/s) impact experiments with ice grain projectiles through laser 
induced thermal expansion process utilizing our Laser-Induced Projectile 
Impact Testing (LIPIT) system developed at GIT.  

            Problem Description 

       Geysers of Enceladus.  
              Photo courtesy NASA JPL. 



The LIPIT technique has a much higher throughput 
and a versatile technique capable of various types of 
particle (grains, ice covered grains and ice grains) 
acceleration than current alternatives, while still 
affording linear velocity distributions and low cost. 
The results of this work will provide a significant 
advancement in our understanding of the biomarker 
capture process and survivability and will provide 
highly valuable information for future astrobiology 
missions designed for Enceladus.  

The significance of this effort is that it would 
represent a first step for a better understanding of 
hypervelocity (up to 4 km/s) impact on ice grains in 
capturing plume materials from Enceladus' plume 
in a potential in situ sampling or cryogenic sample 
return mission scenario.  

 

 

  

Relevance to NASA and JPL: 

Organic compounds such as amino acids may be 
captured in a flyby mission to Enceladus in a way 
such that key chemical biosignatures are 
preserved.  

Credits: NASA/JPL-Caltech 
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Recently developed hypervelocity acceleration 

technologies, while able to obtain high velocities, are 

unable to examine chiral modifications resulting from 

hypervelocity impact. Our Laser Induced Particle 

Impact Testing (LIPIT) method [1], would circumvent 

this issue, providing chiral analysis in addition to 

molecular degradation. LIPIT is also a highly versatile 

hypervelocity acceleration technique relative to other 

impact techniques since it is capable of simulating 

various sample capture scenarios during flyby by 

utilizing different capture media and grain sizes. We 

can accelerate grains, ice covered grains and ice 

grains using the same apparatus.  

 

 

 

Why LIPIT? 

LIPIT System Set-up 



A. Engineering Design of the high-vacuum 
LIPIT system was successfully completed at 
GIT 

B. Preliminary LIPIT experiments at ambient 
pressures were successfully completed at 
GIT: 

- Successfully accelerated, imaged mid-
flight, and captured silica spheres on 
indium foil. 

- We then tried to capture frozen brine 
grains on indium foil. However, our 
preliminary results are inconclusive. 

- A chiral CE-LIF method was developed 
(see figure) for post-impact organic 
analysis.  (Manuscript is in preparation). 

 

Results 

GIT Ph.D.  student K. Marshall Seaton has 
been able to separate L and D amino acids 



 

 

 

Measuring particle velocities 

Particles 
moving 
away from 
substrate at  
1 km/sec 

Top view 

- We recently measured velocity 
distribution of particles with a fast 
frame grabbing camera incorporated 
into the LIPIT system.  

- We expect to get up to 5 km/sec 
accelerations after further optimization 
with control of the grain size, with 
multiple or single particle impact 
studies.  
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