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The recent in situ and remote observations from the Voyager Interstellar Mission 
(VIM), the Interstellar Boundary Explorer (IBEX), and the Ion and Neutral Camera 
(INCA) on Cassini have revealed the interaction of the heliosphere with the very 
local interstellar medium (VLISM) to be much more complex than described by our 
present-day concepts. These discoveries call for a major revision of the strategy 
for the Interstellar Probe, a mission to explore the interstellar medium surrounding 
the Solar System. Voyager 1 and Voyager 2 continue to reveal unanticipated flow 
patterns and significant fluxes of energetic particles in the heliosheath (beyond 
the solar wind termination shock) while pointing to a more remote location for the 
modulation region and source of the anomalous cosmic rays (ACRs). Remarkably, 
over the past year Voyager 1 has been reporting near-zero plasma flows (tens of 
kilometers per second) beyond 115 AU. 

One implication of this flow stagnation is that Voyager is already in a “transition layer” 
that could lead to the interstellar plasma. Consequently, an Interstellar Probe Mission 
may “punch out” into the deflected interstellar plasma flow at a much smaller distance 
than previous models had predicted. Global imaging observations by IBEX and INCA of 
energetic neutral atoms (ENAs) originating from the interaction region(s) of the solar wind 
and the VLISM show unexpected structure and possible time dependence on a variety 

M. Gruntman1; R. L. McNutt2; S. M. Krimigis2,4; E. C. Roelof2; R. F. Wimmer-Schweingruber3; R. E. Gold2

of scales. In addition to the general “glow” of the sky in ENAs, IBEX revealed a relatively 
narrow “ribbon” of enhanced atomic hydrogen emission from ~200 eV to ~6 keV. The 
neutrals from both the glow and ribbon are also characterized by nonthermal distribution 
functions. In addition, INCA sees a “belt” of emission in ENAs, broader than the ribbon 
and tilted significantly away from it, at even higher energies (tens of kiloelectron volts). 
This evidence supports the idea that the bulk of the energy density in the heliosheath 
plasma resides in a nonthermal component that extends to very high energies. We have 
never sampled such a huge and dynamic plasma regime that is dominated by nonthermal 
pressure, but this regime must be representative of the astrospheres of stars similar to our 
Sun. 

These new quantitative and qualitative implications for the overall heliospheric structure 
already call for a new generation of measurements to understand the global nature of our 
Sun’s interaction with the local galactic environment. An interstellar probe with modern 
instruments and measurement requirements better defined by these recent observations 
will certainly advance our understanding of the heliospheric interaction and the VLISM. 
New launch vehicles in the evolving fleet, including the Atlas V, Delta IV and Falcon Heavy, 
offer new capabilities that can enable such a mission with an acceptable development and 
launch cost.
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