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Motivation:  Enceladus is currently one of the 

most promising places to search for extraterrestrial life 

and an appealing target for astrobiologists around the 

globe. A combination of several attributes that make 

Saturn’s small moon stand out among the other ocean 

worlds: large amounts of liquid water, hydrothermal 

activity, presence of salts and complex organic species, 

and plumes that throw material high above the surface 

where it can be directly sampled without landing. The 

Cassini mission’s observations of the south polar ice 

plume provided significant data on its molecular com-

position, grain size and charge distribution, as well as 

particle density [1-3]. However, precise and in-depth 

characterization of organic species was not possible 

with the scientific payload available. The next missions 

outfitted with cutting edge instruments will help to re-

veal more details, but sampling conditions natural for a 

fly-by mission require characterization. High velocity 

of the spacecraft relative to the sampled material may 

introduce additional factors impacting the measure-

ments. The energy of the collisions may induce chemis-

try in the sampled material breaking or creating bonds 

and ionizing molecules. The technique of mass spec-

trometry relies on collecting the material and perform-

ing in situ measurements so it is important to know if 

the molecular composition of the sample is altered be-

fore being analyzed. For a space application it is essen-

tial to validate the approach and instrument perfor-

mance with in-lab measurements under relevant condi-

tions.  

Experimental:  Our setup consists of the ice grain 

source, accelerator, and a mass spectrometer all cou-

pled under vacuum. Ice grains are produced, character-

ized, and accelerated individually. They are tracked by 

multiple detectors along the beamline and analyzed by 

the mass spectrometer after the impact. 

Ice grain source.  The Aerosol Impact Spectrome-

ter (AIS) [4] produces the ice grains and was designed 

and built at University of California San Diego 

(UCSD). The initial particle beam is generated by 

spraying a solution of deionized water through elec-

trospray ionization (ESI) source into vacuum via a 

small orifice (~200 μm), collimated using an aerody-

namic lens and filtered with a quadrupole deflector by 

particle energy-per-charge. Selected single particles are 

then injected into an electrostatic trap where they oscil-

late for several hundreds of milliseconds. Charge, 

mass, and velocity of each grain is measured using the 

oscillation frequency and a signal from an image 

charge detector (ICD). Particles are accelerated using a 

multi-stage linear accelerator (LINAC) with velocities 

up to 1 km/s for ice grains of 1.3 micron in diameter. 

Future upgrades will bring the velocity up to 5 km/s. 

Mass spectrometer.  The instrument that receives 

the accelerated grains is a mass spectrometer devel-

oped at the Jet Propulsion Laboratory (JPL) – a Quad-

rupole Ion Trap Mass Spectrometer (QITMS). A pre-

decessor of this instrument flew to the International 

Space Station (ISS) in 2010 - Vehicle Cabin Atmos-

phere Monitor (VCAM) [5], and a newer version was 

deployed on the ISS recently in 2019 and is in opera-

tion - Spacecraft Atmosphere Monitor (S.A.M.) [6]. 

The mass spectrometer was extensively tested in the 

lab for various applications and is proven to be capable 

of high-precision measurements of noble gases [7] and 

detailed analysis of organic molecules using tandem 

mass spectrometry [8]. The sensor of the instrument 

operates under ultra-high vacuum (UHV) analyzing the 

sample molecules by ionizing, trapping and subse-

quently ejecting them according to their mass-to-charge 

ratio. Small modifications to the sensor were made to 

enable sampling of micron-sized high velocity ice 

grains after they impact the surface of the ion trap.  

Results: The QITMS was successfully integrated 

with the ice grain source in a differentially pumped 

vacuum system and aligned with the oncoming particle 

beam to achieve optimal yield. Studies of the instru-

ment response to the micron sized particles at veloci-

ties from 0.3 to 1 km/s were performed. Collected mass 

spectra clearly show the QITMS response to the ice 

grain impacts manifesting as signals corresponding to 

water molecules. The setup is proven to be effective for 

generating particles with different velocities and the 

mass spectrometer performance has been validated 

within the experimental constraints. 
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