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A New View of 

     the Solar System 
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The Heliosphere in a Kitchen Sink 

Solar Wind 
Termination 

Shock 
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Shock at 94 AU 

8.7 billion miles 
December 16, 2004 

Decker et al. 2005 

Shock is source of 
low energy ions 

1% speed of light 
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V2 crossed termination shock at 83.7 AU  

Richardson et al. 2008 
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Opher et al. 2006 

Interstellar magnetic 
field presses inward in 
southern hemisphere 
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In 2010, the solar wind was no longer moving 
outward-  a quasi-stagnation region 
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Krimigis et al. 2011 



Stagnation Region 



Cosmic Rays from Nearby Supernovas Diffusing In 
(nuclei with >40% speed of light) 



McDonald et al. 2012 
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>70 MeV/nuc rate on V1 
>40% speed of light 

Rate increased 
9% per year 
over last 3 years 

Rate of  Cosmic Rays Diffusing in from Galaxy 
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Rate increased 
9% per year 
over last 3 years 
 
In May 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 



Energetic Ions from Termination Shock Leaking Out 
(nuclei with ~5%  speed of light) 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
No decrease in May 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
Slow decease in June 
 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
Slight recovery in July 
 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
Dropped by half; largest, 
fastest drop seen 
 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
Decrease lasted only 5 days 
 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
Deeper decrease lasted 7 
days 



May Jun Jul Aug 

Slower (>3% speed of light) 
ions from inside trying to 
escape out into interstellar 
space 
Decrease of 90% by end of 
August 



Jun Jul Aug Sep 

Voyager 1 in a 
new region for 
last 20 days; 
most slower ions 
from inside have 
escaped 
 

Voyager 1 now 
in a new region; 
 
slower ions from 
inside have 
escaped 
 



Cosmic rays from 
outside increased at 
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 
 
  



Entered quasi-stagnation region  Apr 2010 

Termination 
Shock 



Entered region connected to outside?  Aug 25, 2012 

Termination 
Shock 



Entered interstellar region outside?  Aug 25, 2012 

Termination 
Shock 



Spiral Magnetic Field 



Opher et al. 2006 

 

Spiral magnetic field 
from solar rotation is 

east-west 

 

Interstellar magnetic 
field is inclined about 
60° to the east-west 

direction 

 

 

     
 
 

Interstellar 
magnetic field  



Voyager 1 – 122 AU; 18 billion km   
 
Several more weeks 
before finish analysis 
of very weak magnetic 
field 

Voyager 2 – 100 AU; 15 billion km 



Voyager 1 – 122 AU; 18 billion km   

Power 
2020- 
First instrument off 
2025- 
Last instrument off 
 
 

Voyager 2 – 100 AU; 15 billion km 



The Journey Continues…  
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