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Abstract 
We will discuss laboratory experiments designed to 
enhance our understanding the chemical processes on 
icy solar system bodies, enable interpretation of in-
situ and remote-sensing data, and help future 
missions to icy solar system bodies, such as comets, 
Europa, Ganymede, Enceladus etc. 

1. Introduction 
Radiation, in the form of electrons, protons, ions, and 
photons continuously bombards surfaces of bodies in 
our solar system [1-4]. This radiation causes not only 
physical changes of the icy surfaces, but it also 
induces and controls chemistry of and in these ices. 
For example, intense magnetospheric electron and 
ion bombardment of Jovian and Saturnian icy 
satellites such as Europa and Iapetus results in highly 
contrasting dark regions on these icy moons. 
Corotation with the Jupiter’s magnetic field causes 
Europa’s trailing hemisphere to receive more flux of 
energetic electron and plasma ion radiation than the 
leading hemisphere. As a consequence of electron 
bombardment, surface of the trailing hemisphere of 
Europa is heavily processed [5-8]. In the context of 
potential sub-surface oceans and suitable habitable 
regions [9-11], it is important to understand how such 
electron irradiation would process biologically 
relevant species at the icy surface of these satellites 
such as Europa and how deep the life/organics be 
beneath the surface in order to be protected from the 
radiation. Radiation processing of comet and asteroid 
surfaces also plays a crucial role in the evolution of 
these small solar system bodies [12-14].  

In order to understand these processes, interpret the 
observational data, and help frame future 
investigations (and missions), it is critical to have 
comprehensive laboratory experimental and 
theoretical research focused on planetary sciences 
and astrophysics. Our laboratory focuses on 
understanding surfaces and atmospheres of icy 

bodies such as comets, Europa, Enceladus as well as 
organic-rich environments such as Titan. Here we 
present our research on laboratory studies for icy 
solar system bodies. 

2. JPL’s Ice Spectroscopy Lab (ISL) 
At the Ice Spectroscopy Lab (ISL) of JPL, we 
investigate physics and chemistry of ices that are 
relevant to interstellar medium, solar system, and 
Earth sciences. Unique aspect of our laboratory is to 
conduct simultaneous spectroscopic studies on the 
ice probes – by bringing the spectroscopic 
instruments to the ice probe than the ice to the 
spectroscopic instruments. Over the past few years 
we developed the ISL’s capabilities to conduct 
experiments on ices from ~5 K and above, from 100 
nm to 500 microns (vacuum ultraviolet, VUV, to far 
infrared, FIR); radiation processing using electrons, 
protons, VUV discharge lamps, and tunable lasers; 
laser-ablation and temperature programmed 
desorption (TPD) mass spectroscopic analysis. 

Our focus is to understand the nature of amorphous 
and crystalline surface ices and how their physical 
properties such as porosity, thermal and electrical 
conductivity influence radiation-induced chemistry in 
these ices. In particular we would like to understand 
conditions under which organics and biomolecules – 
markers of potential life – get synthesized in 
extraterrestrial conditions and survive. Our research 
is also focused on understanding the evolution of ice 
and organics on comets and asteroids. 

In this talk we will give a general outline of the Ice 
Spectroscopy Lab activities and discuss our recent 
results on electron induced damage to organics in 
ices. 
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