Introduction

Comets are thought to
contain rubble left over
from the formation of the
solar system.

The classic definition of

comets:

e Comets consist of a
solid nucleus, coma
and tails
The nucleus is an ice-
rich body composed of
a mix of volatile and
refractory solids
Show detectable mass
loss
Coma and tails make
them appear fuzzy
Come from the outer
solar system

Fig. 1- Image of comet Hale-
Bopp

Image credit: E. Kolmhofer, H. Raab;
Johannes-Kepler-Observatory, Linz,
Austria

Comets are also believed
to be the key to
understanding the origin
of life. However, their
origin is still a mystery. It is
difficult to explain where
the energy for the
photochemical process
comes from in a cold, dark
environment, such as
stellar ice clouds.

How do comets work?
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It is still unknown where
the synthesis of simple
organic compounds
happened during the
evolution of our solar
system.

| experimentally
investigate how comets
work as heat engines.

Methods

In the Planetary Ices
Laboratory at Lulea
University of Technology
(LTU) water (H,0) and
carbon dioxide (CO,)ice
and snow can be
produced artificially.

Fig. 2 —
Water ice
production
method in
= LTU
P2 Planetary
Ices
Laboratory

Water snow is achieved by
spraying water at high
speed into a dewar with
liquid nitrogen, leaving us
with small frozen circular
water molecules (Fig.2).
Carbon black is used as
the first contaminant for
the snow because carbon
has been discovered on
comets.

Fig. 3 — ”Dirty” Vaccum chamber
in LTU Planetary Ices Laboratory

Summary

Comets hold the most pristine material in our solar
system in the form of ice, dust, silicates, and organics.

| experimentally investigate the thermal and mechanical
behaviour of cometary nucleus surfaces in the Planetary
Ices Laboratory at Lulea University of Technology.

Fig. 4 — Solar Simulator in LTU
Planetary Ices Laboratory

The cometary analogue
material of water snow
and black carbon in
different percentages per
weight is mixed and
insolated with a solar
simulator (fig. 4) in a
vacuum chamber (fig. 3).

e L

Fig. 5 — Fresh COzénow sample
Before entering the
chamber, the samples’
microstructure is analysed
In @ microscope. Figure 5
is a fresh CO, snow
sample with no other
contaminants. CO, has
been detected in comets.

Fig. 6 — Microscope with
cooling plate set up in LTU
Planetary Ices Laboratory

Results

Figure 7 is an example of
the outcome of a typical
comet simulation

experiment with carbon
black.

Before

Fig. 7 — Before and after solar
irradiation on a cometary
analogue material [1]

When we irradiate the
cometary analogue with
our artificial sun (fig. 4),
the volatile component
sublimates and the
residual component
undergoes a structural
transformation. We
observe the formation of a
dust mantle and a
hardening of the ice.

Conclusion

My results will help to
explain how solar energy
is transferred into a
nucleus and how a comet
evolves over time. They
are also applicable to
other icy bodies in the
solar system, such as the
moon of the giant planets.
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