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The New Physics Regimes of a 
Habitable Astrospheres
Our own star, The Sun, is a  G-type main-sequence star 
(G2V) moving at 26.4 km/s through the local interstellar 
medium. When its expanding solar wind meets the LISM, a 
global interaction boundary is formed - The Heliosphere. Al-
though many other “Astrospheres” have been detected in 
visible, UV and IR, it is unlikely that a type similar to our 
own is detectable at those distances.

Voyager 1 and 2 have uncovered a new regime of plasma 
interactions leaving us with an expanding list of mysteries:

•Heliosheath pressure is upheld by energetic (“suprathermal”) ions
•Interstellar Magnetic Field  stronger than expected and solar like
• The Heliopause is not a surface
•Acceleration of Anomalous Cosmic Rays not at the Termination Shock
•Solar disturbances still detected at Voyager 1
•Where/what is the Bow Shock?

Remote ENA imaging from IBEX and Cassini reveals 
unexplained features:

•Is the heliosphere bubble- or comet shaped?
•What is the “Ribbon”?

In to the Unexplored Local Interstellar Cloud 
(LIC)
The heliosphere, and its neighboring astrospheres plow through ionized clouds 
of gas (interstellar clouds) made up of the remnants of supernovae explosions. 
The varying properties of the Clouds dramatically alter the heliospheric interac-
tion and shape. Although the heliosphere currently belongs to the Local Interstel-
lar Cloud (LIC), it is believed that the heliosphere is about leave the LIC towards 
its neighboring G Cloud. As the Interstellar Probe continues beyond the helio-
spheric boundaries it would enter the Local Interstellar Cloud (LIC), where it 
would sample its properties for the first time offering insights in to the helio-
sphereʼs location within the LIC, providing direct constraints on the chemical evo-
lution of the galaxy and nucleosynthesis, determining the LIC vector, and other 
discoveries.

Cassini Dialynas+2017. IBEX McComas+2017.
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The Interstellar Probe is a mission concept with the capability to operate at a maximum 
distance of 1000 AU, achieving a nominal lifetime of 50 years with 85% probability of 
success. Interstellar Probe would represent the first explicit step of Humanity step in to 
the Interstellar Medium. Its high-speed escape trajectory out of the solar system offers 
historic discoveries in the exotic physics at work in the ISM and allows us for the first time 
to look back at our own habitable astrosphere.

JHU/APL leads a NASA-funded study of a Pragmatic Interstellar Probe focused on design-
ing a mission with technology, propulsion and launch vehicles available today or by a 
no-later launch date 2030. The Interstellar Probe concept builds on more than five de-
cades of various studies(Holzer+1990; Liewer+2000; McNutt+2001; Mewaldt+2001; Fie-
hler+2006; Wimmer-Schweingruber+2009; KISS Workshops 2014, 2015).
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Any direction defined by the Primary He-
liophysics Goal offers a giant planet flyby 
and at least one flyby of a compelling 
KBO or a Dwarf Planet.

Poppe+2019

Sol 4.6 Ga HL Tau 1 Ma

A modest IR detector can reveal the 
large-scale disk structure critical for under-
standing the evolution of planetary systems. 

Beyond the obscuring Zodiacal cloud, the 
same IR detector can uncover the Extra-
galactic Background spectrum missing 
from our understanding of early galaxy 
formation.

Dwarf Planets and KBOs

Circum-Solar Debris Disk

Extragalactic Background Light

•Multiple stage configurations analyzed assuming the SLS-1B
•Three payload masses assumed: 40, 80, 120 kg
•Passive JGA
•Powered JGA
•Solar Oberth Maneuver: High risk with marginal gain

Centaur-Atlas Centaur-D Speeds at 100 AU as a function of launch date using passive JGA. The IBEX Ribbon 
is contoured in the background.
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Heliosphere from Voyager 1 and 2
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Voyager 2
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Tangential plasma flow
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Solar wind

Interstellar plasma flow
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Mira
Red giant at 130 km/s
13 ly tail

Zeta Ophiuchi
Run-away star at 24 km/s
Dust and gas nebula

LL Orionis
Pre-Main Sequence Star
Orion Nebula

IRC+10216
Carbon rich star at 91 km/s
Molecular wind and turbulence

BZ Camelopardalis
Binary white dwarf and main sequence
125 km/s


