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How did you get here?
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4.6 billion years ago…

• Collapse of Molecular Cloud

• Protoplanetary Disk

• Gas, Ice and Dust

• Planetary Formation

Illustration: NASA-JPL
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Classical Hierarchical Growth

• Hierarchical accumulation of 
small micrometer sized 
particles

• Slow
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Pebble Accretion

• Hierarchical accumulation of 
small micrometer sized 
particles

• After centimeter sized pebbles 
form, they collapse to form 
planetesimals

• Fast
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Comets

• Remnants of the early days of 
planetary formation

• Highly elliptical orbits

• Dust (Organics, silicates)

• Ice (H2O, CO2, CO)
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Photograph: Shelbydiamondstar Photography



Comets
Origin

• Oort Cloud

• Kuiper Belt

• Asteroid Belt
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Comets

Pebble CollapseClassical Hierarchical Growth
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Exploration
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THz Spectrometer

• Pulsed Laser (fs)

• Photoconductive Antennas

• Slow Delay Line

• Fast Delay Line
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COCoNuT
Characteristic Observation of 

Cometary Nuclei using THz 

spectroscopy
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Design
Spectro - Goniometer

• 32° - 180°, 0.5° steps

• 104 mm x 104 mm, 0.01 mm steps
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Design
Vacuum system

• Pfeiffer ACP40

• Turbo HiPace 300

• 2x PKR251
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THz Time Domain Spectrometer
Toptica TeraFlash Pro

• 0.1 THz - 5.5 THz / 3 mm - 50 μm

• Pulsed fs Laser

• 1560 nm, 

• 80 MHz rep rate

• 30 mW

• Photoconductive Antennas

• InGaAs/InAIAs

• 70 μW
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Electronics

• Modular Design

• Control of Heating, Stepper 
Motors, Servo Motors, Valve 

• Pump Control (Pfeiffer RS-
485)

• Readout of housekeeping 
data (PT100/PT1000, 
PKR251)

ELU
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Electronics
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COCoNuT

Linus Leo Stöckli, Mathias Brändli, Daniele Piazza, 

Rafael Ottersberg, Antoine Pommerol, Axel Murk, Nicolas 

Thomas

https://doi.org/10.1063/5.0252742

Published in Review of Scientific Instruments, 2025
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Characterizing the Technology
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CoDA-T2



Dust Analogues

Forsterite SiO2

CoDA-T1 CoDA-T3

CoDA-T0

CoDA-T2
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Cometary Dust Analogues for THz-TDS



Detecting Pebbles 
Surface and Sub-Surface

• Pebble simulants

• Solid Ice 

• Porous Ice (Cometary Simulant)
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Detecting Pebbles 
Surface and Sub-Surface

• Pebble in sample holder

• Covered with 2 - 3 mm CoDA-T3

• Transmission and reflection
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THz Tomography
Surface and Sub-Surface
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Control SPIPA-B Solid Ice



THz Tomography
Sub-Surface

• Sub-Surface Extraction

• Transmission

• Refractive Index

• Coupled to thickness

SPIPA-B

Solid Ice
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Conclusion

We built the infrastructure to characterize THz-TDS for space applications.

THz time domain spectroscopy in laboratory conditions

• was used to characterize cometary dust analogues at THz frequencies

• can be used to extract the surface at a resolution < 0.5 mm in reflection

• can be used to extract centimeter sized solid ice pebbles in reflection

• can be used to extract centimeter sized  solid and porous ice pebbles in transmission

The absence of sub-surface pebbles on comets might well challenge the Pebble Accretion 
theory.
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Outlook

• In-situ THz spectrometer on a Lander

• Spectrometer isolated from drill

• Drill inspired by ExoMars

• 30 mm diameter

• 500 mm length

Drill/Probe

Pebbles
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Thank you!



Backup Slides



Design
Thermal Simulation

36

Backup Slide



Design
PID Performance
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Backup Slide











THz Spectrometer

• Pulsed Laser (fs)

• Photoconductive Antennas

• Slow Delay Line

• Fast Delay Line
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