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Hilchenbach et al. 1998 

SOHO: First ENA Observations 
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Maximal ENA intensity from the heliotail direction but deviation in direction 
caused by the asymmetric shape of the heliosphere due to the interstellar 
magnetic field. 
(«The Physics of the heliospheric boundaries», Scientific Report SR-005, 
ESA/ISSI, 2006) 
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Krimigis et al. (2009, 2010) 

McComas et al. (2009) 

Parker, 1961 
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ENAs from Heliotail Direction -  
Another Potential Source? 

Kota 2001 
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ENH Fluxes and a  
Time-Dependent Heliosphere  

Hilchenbach 2005 

Assumption: No diffusion, only convection and no loss processes ... 
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ENA as a Source of the 
"Quiet-Time" Ion Populations  

Hilchenbach 1999 
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Krimigis et al. (2009) 

Wurz et al. (2008) 

(Roelof, priv.) 

McComas et al. (2009) 

(Gruntman, 1997) 

this work 
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Proton impact ionization and solar UV ionization 
are not sufficient to explain He+/He++ ratios 

-> electron impact ionization 
EPHIN data 
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Stochastic
acceleration
in the region
downstream
of the shock
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Wave Activity near Interplanetary Traveling Shocks:
Excitation of Alfven and Ion Whistler Waves

ACE News #91 - Aug 30
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Cascading time scale of
solar wind turbulence

Diffusion term Kolmogorov-type Iroshnikov-Kraichnan-type
in wave kin. eq. (Zhou & Matthaeus, 1990)
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McKenzie &
Westphal
(1969)

Vainio &
Schlickeiser
(1999)

Alfven wave transmission
through shocks



Evolution of mean free path with heliocentric distance

Data from Stone et al. (2005)



Voyager 2 observations and interpretations

Richardson et al. (2008):
Shock mediation by non-thermal ions

Burlaga et al. (2008)

Alexsashov et al. (2004)

Baumjohann & Treumann (2008)



Slow down of upstream SW due to ACR pressure

Alexsashov et al. (2004)
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Burlaga et
al. (2008)



Voyager 2 LECP 
observations

Decker et al. (2008)

- Spectral index ≈ -1.25
would correspond to
shock compression ratio 
of about 3;
observed in plasma:
≈ 1,5 – 2.5

Ubiquitous suprathermal
tails ≈ -1.5
(Gloecker, Fisk et al.)

- Flux comparable to V1



Source of ACRS:
Locations of more
parallel TS?

McComas & Schwadron (2005)

Kallenbach et al. (2008)

Decker et al. (2004)



Stochastic acceleration in the outer heliosphere





Conclusions
Clear indications for:
- Shock mediation by non-thermal ions (TSPs/ACRs)
- Major fraction of heliosheath pressure by TSPs/ACRs
- Shock reformation
- TSPs/ACRs are the source of ENAs at 1 AU

Unresolved issues (?):
- Relative importance of shock vs. stochastic acceleration
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