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Using the Interstellar Probe to Decipher Exoplanet Signatures of Our
Planets from the Very Local Interstellar Medium
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Rymer

The Heliophysics Decadal Survey Call for a future launch of the Interstellar Probe that in addition to it primary
targets would offer valuable opportunities for exoplanetary research.

Two seminal discoveries of the late 20th century fundamentally changed our perception of our
home in space: the discovery in 1992 of Kuiper Belt Objects (KBOs), beginning with 15760
Albion [1], and the discovery in 1995 of planets beyond the solar system (“exoplanets”) orbiting
main sequence stars, beginning with 51 Pegasi b [2]. Following those discoveries, additional
thousands of both types pf objects have been identified. The New Horizons flyby of the Pluto
system in 2014 [3] afforded us the first close up examination of a “free” KBO (allowing for the
fact that Neptune’s large moon Triton, observed from Voyager 2 in 1989 [4], may be a “captured”
one) and a second one with the smaller KBO 2014 MU69 planned for the first day of 2019.
Exoplanets, by their nature at stellar distances, are not closely accessible with robotic spacecraft,
and the ongoing renaissance in our understanding of planetary systems is, therefore limited to
remote, astronomical observations.
The “Interstellar Probe” into the nearby very local interstellar medium [5] (VLISM; within 0.01
parsec = 2,063 AU from the Sun [6]) has been a mission of significant interest to the heliophysics
community for some time [7, 8]. The most recent Heliophysics Decadal Survey calls for the future
launch of the first dedicated Interstellar Probe (§10.5.2.7) [9], which would mark a historic
milestone on NASA’s journey to the stars and would offer science discoveries of different
proportions that will naturally bridge planetary, helio- and astrophysical disciplines by putting our
solar system and heliosphere in the context of the increasing number of other exoplanetary systems
and astrospheres detected. While the primary target of the Interstellar Probe historically has been
the characterization of the VLISM and implications for its interaction with the heliosphere, other
targets include the circumsolar dust distribution and close imaging of unexplored Kuiper-Belt
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from a vantage up to 1000 AU from the Sun. This would allow:
§ The first external view of our heliosphere through ultraviolet (UV) and energetic neutral
atom (ENA) imaging to place our own habitable astrosphere in the context of others.
This would provide a reference to the nature of the stellar-wind of the host star and its
interaction with the surrounding exoplanets.
§ Understanding of the evolution of a planetary system, which is manifested in part by the
large-scale distribution and motion of dust. Although dust emits in the infrared
wavelengths, from a vantage point inside the solar system it is intrinsically difficult to
determine its large-scale distribution. On its way outward, the Interstellar Probe can
measure and determine the radial, compositional and size distribution of dust and
provide a quantitative picture of the dust distribution that could be directly compared to
the infrared (IR) observations of dust characterizing exoplanetary systems.
§ Use of transit observations of solar system planets from a vantage point far away from
the Sun to develop a standard candle of transit observations of exoplanets.
To be more specific, and more focused on terrestrial and terrestrial-like planets, we note that
comparative planetology combined with our detailed knowledge of our own inner solar system can
be employed as a “gateway” to the exoplanets. By “comparative planetology” we mean the study
of planetary processes, their manifestation, and their effects on multiple bodies, often using Earth
as a ‘baseline’, to understand the evolutionary pathways, similarities, and differences between
planets. This refers to the sum of geology, hydrology, atmospheres/exospheres, surface processes,
interior processes, magnetospheres, interactions with space, and, not least, habitability / biology
(i.e., astrobiology). We may know most about the Earth, but the planets in our solar system give
us context, improve understanding of our own planet, and provide baseline for understanding
planets elsewhere.
The exoplanets are individual worlds, yet interconnected, and that can be compared with the
inventory of planets within our own system. For example, the apparent increase in the minimum
size of bodies with heliocentric distance is an observational bias - it is much harder to find small
bodies at large geocentric distances. Similar biases in search for exoplanets constrain what we can
find. Our own solar system and its bodies are imperfectly understood, and interiors, processes,
even surfaces are still studied largely indirectly.
We have only one currently known system and planet that is habitable and inhabited with life,
some of which, at least, is sentient. In practice in our looking at a growing “collection” of
exoplanets, we are searching for other Earths, or other ‘habitable’ worlds, with an expanded
definition of habitable and conditions in both place and time. Our best understood example is not
permanently stable. Earth’s past and future are hostile. Currently hostile planets may not have
always been so, may not be completely so now. All the inner planets of our own system together
and, in comparison, provide examples of likely pasts, futures, and presents among the exoplanets.
With the Voyagers now just escaping the heliosphere into near interstellar space, we have also
found other mysteries that may affect habitability as well. The history of galactic cosmic rays and
near supernova and other energetic events, while certainly rare, remain unknown, except though
glimpses that may be provided by rare isotopic and compositional ratios in the near medium and
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nature of the global interaction of the Sun with the VLISM have always been goals of an
Interstellar Probe. Our new discovery of KBOs and exoplanets, long after the Voyagers “left the
building” provide for the possibility of an interesting new perspective: using such a platform both
to characterize the in-situ environment far from our star as well as to look back to see what
habitability may look like from the nearby outside, and a habitability for which we know the
answers already. Such an approach could very well help us better sort through the implications for
life that can be gleaned from a growing body of knowledge about exoplanets.
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