
















Parker’s view of the heliosphere in 1961 – from an analytic formulation.  
He came up with a scale of 45-90 AU from knowledge of the ram pressure 
at 1 AU and the estimated interstellar pressure of (1-4) x 10-12 erg/cm2.

• The solar wind flows supersonically and nearly radially from the Sun

• Thus, its large-scale structure is determined mainly by the initial and 
boundary conditions at the Sun. 

• The solar wind terminates at the termination shock – where 
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As the Sun moves through its 
local environment, it carves out 
a region –the heliosphere – that 
is analogous to astrospheres 
seen surrounding other stars



An instructive analog



Why we study the outer heliosphere

• The heliosphere represents the first of several boundaries 
shielding Earth from radiation coming outside our solar system –
it is important to understand how it does this (especially if we 
really want to send humans to Mars or the moon, or elsewhere)

• NASA has several missions aimed at understanding the 
heliosphere (Voyager, IBEX, ACE, Ulysses, etc.) with rich data sets 
open for interpretation.

• It is a important laboratory for studying the physics of multi-
component plasmas (interstellar neutral atoms, pickup ions, 
solar wind ions, cosmic rays), and particle acceleration.

• The source of many interesting and puzzling physics problems!
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Another model suggests it is “Croissant” chaped (Opher et al., Astrophys. J. 
Lett., 2015, and Opher et al., Astrophys. J., 2017)



How do we observe the Heliosphere?

• in situ observations made possible by the two Voyager spacecraft have 
been essential to our present understanding.   

• However, because of the turbulent, essentially unpredictable variations 
in the solar wind and large-scale structure at a given position and time, 
remote observations are also essential to provide a more-global view.     

– Cosmic rays (solar, galactic, anomalous). They provide us with 
valuable remote probes.

– Radio-wave emissions.

– Backscatter of photons from interstellar neutral atoms.

– Also interstellar neutral atoms (e.g. IBEX, Cassini/INCA, Stereo, 
SoHO, and others before) and pickup ions (e.g. Ulysses, ACE).

The interpretation of these remote probes relies on theory 
and modeling.



V1 crossing of the heliopause in 2012 
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Rate increased 
9% per year over 
last 3 years

In May 2012 the 
rate increased 5% 
in one week and 
9% in a month

Rate of  Cosmic Rays Diffusing in from Galaxy

>70 MeV/nuc rate on V1
>40% speed of light

Slide from E.C. Stone’s 
presentation at Voyager 
team meeting, Dec. 2012

GCRs (> 70 MeV ions)



Cosmic rays from 

outside increased at the 

same time as ions from 

inside escaped

Is Voyager 1 in  

interstellar space,

or is there a new region 

inside that is connected 

to interstellar space 

outside?

voyager.gsfc.nasa.gov

Slide from E.C. Stone’s 
presentation at Voyager 
team meeting, Dec. 2012
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ACRs 
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Slide from Len Burlaga’s presentation at Voyager 
team meeting, Dec. 2012
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The science of the heliosphere received some attention in the popular media

Ed Stone on the “Colbert report” 

http://www.cc.com/video-clips/g14s8s/the-colbert-report-ed-stone


