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Laser-Induced Liquid Beam Ion Desorption (LILBID)
coupled with a time-of-flight (ToF) has been the
primary laboratory tool to replicate space
hypervelocity impacts of water ice grains from icy
moons, playing an essential role in interpreting
Cassini-CDA (Cosmic Dust Analyser) data from
Enceladus1,2.
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Born from an international collaboration, OLYMPIA (Orbitrap anaLYser MultiPle IonisAtion) is capable of reproducing high-
velocity impact analogues of icy grains (20 km/s)3. Recent modifications have further enhanced this powerful instrument, providing 
even better analytical capabilities such as high mass resolution, high mass accuracy, broad mass range and high sensitivity, which 
are crucial to support NASA’s Europa Clipper (SUDA) and ESA’s L4 mission to Enceladus. 

These exceptional analytical characteristics, together with its small size, highlight the strong potential that Orbitrap-based mass 
spectrometers offer for future planetary missions, as an alternative to broadly used time-of-flight (ToF) mass spectrometers.

L I L B I D  - To F L I L B I D  - O LY M P I A

Direct in-situ sampling of Saturn's E-
ring and Enceladus' plume. Discovered 

salty ice grains, silica nanoparticles, 
and organic precursors 4,5

U V  L a s e r  A b l a t i o n

• UV ionization was evaluated and reference mineral spectra was 
obtained. The data collected exhibit expected values of resolution 
and sensitivity, therefore making the combination valuable for 
laser ablation/desorption purposes.

I R  L a s e r  /  L I L B I D  C o u p l i n g

• Successful coupling of LILBID to the Orbitrap enabled the capture of water ions 
and water clusters, which is of vital importance for analogue velocity matching2

Simulates ice grain impacts across a wide range 
of impact speeds in the lab; limited by peak 
overlaps in complex organic mixtures

LILBID coupled with an Orbitrap mass analyzer
Simulates ice grain impacts and enables precise isotopic 

analysis and unambiguous separation of isobaric peak overlaps

-  In the near future, optimization efforts will focus on accurately replicating 
analogue spectra taken at slower velocities (~5 km/s) 2. This can be achieved 
by working at lower laser energy density (< 15,000 MW/cm²) and controlling 
the delay time of ion extraction.
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L O W R E S O L U T I O N H I G H  R E S O L U T I O N

C D A
R(m/Δm) ~ 20-50

S U D A
R(m/Δm) ~ 250

O LY M P I A
R(m/Δm) ↑100000

L I L B I D -To F
Laboratory analogue experiments
R(m/Δm) ~ 800

Onboard Europa Clipper. Positive 
and negative mode. Capable of 
identifying amino acids, fatty 
acids, and DNA nucleobases

Check out 
our lab!

C O N C L U S S I O N S

-  We have successfully captured water ions in the orbitrap and more 
importantly, water clusters at an unprecedented resolution. This opens 
viability to use the orbitrap in the study of analogue hypervelocity ice grain 
impacts. 

 -  Compatibility of OLYMPIA with UV Lasers and IR Lasers showcase the 
versatility of the instrument, supporting the use of Orbitrap for planetary 
exploration.

ToF     
OLYMPIA

H₂O·H₃O⁺ peak comparison ToF vs Orbitrap 

• Water clusters are not only present but also exhibit stability over time, which is 
a key parameter, as longer transient times lead to higher mass resolution

• Performance comparisons demonstrate superior analytical capabilities over 
previous instrument generations
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Olivine mass spectrum acquired with OLYMPIA 
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 -  Additionally, testing planetary/astrobiology-relevant 
compounds will build reference databases for the Europa Clipper 
mission, while demonstrating OLYMPIA's versatile coupling 
establishing Orbitrap technology for future space exploration
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