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Overview

•The local environment of the solar system

•Suprathermal energetic ions and neutral atoms in the inner 
and outer heliosphere

•CELIAS/HSTOF: an in-situ particle instrument onboard 
SOHO 

•Energetic neutral atoms observed in the inner heliosphere

•Thickness of the heliosheath

•Actual Voyager V1 data

•Within and beyond the heliopause: Comets and the 
heliosphere
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Frisch 1998

Map of the Local Interstellar Cloud



ICRC 2007

Solar  system regions

Local

“LISM”



Redfield 1998

Local environment in time frame 



Vahia  2004

History: Passages of solar system through ISM 
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Voyage to the edge of heliosphere ...

Decker 2005



j ∝ E -1.5 j ∝ E -1.5

Decker et al., 2005
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H+ Charge Exchange Cross Sections

In the energy region of interest - 
58 to 88 keV - the cross sections 
of protons with hydrogen and 
helium are very similar!

Gruntman 1997



Energetc neutal atoms (ENA) and the 
Heliosphere



Heliospheric Energetic 
Neutral  Atoms

Heliopause

Bow Shock (?)

  Anomalous
Cosmic Rays

- ACRs

Shock   Acceleration

Charge   Exchange

    Local 
Interstellar
  Medium

Filtering

Ionization

So
la

r  
  M

od
ul

at
io

n

 Modulated
     ACR

 Interstellar
Neutral Gas

Solar Neighborhood Recycling of Particles

Termination
     Shock

Local Interstellar
         Cloud

     Inner 
Heliosphere

Pick-up
  Ions

Hsieh 2002



•The local environment of the solar system

•Suprathermal energetic ions and neutral atoms in the inner 
and outer heliosphere

•CELIAS/HSTOF: an in-situ particle instrument 
onboard SOHO 

•Energetic neutral atoms observed in the inner heliosphere

•Thickness of the heliosheath

•Actual Voyager V1 data

•Within and beyond the heliopause: Comets and the 
heliosphere



View of heliospheric research about 250 years ago



SOHO/CELIAS/HSTOF instrumentation

Hovestadt et al 1995

Sun

FoV 37° 
+/- 2° in 
ecliptic 
plane

FOV +/- 17° out of ecliptic plane



Separation of ions and 
neutral particles with a
transmissionsfilter (E/q 
filter), 
triple coincidence 
measurement

+

-

+Schematic view

Observation of ENAs

Picture of CELIAS/HSTOF filter

CELIAS/HSTOF Transmission
from in-flight data

Essd

time-of-flight



Energetic Proton 
Quiet Time Fluxes

Richardson 1990



SOHO/CELIAS/HSTOF 
“Quiet time” energy spectra

ENH: 58 - 88 keV/n Hilchenbach 2000

 ENH and protons

protons

ENH



Quiet time
energetic neutral

hydrogen atom (EHA)
flux 1996-2001

not so quiet… (July 14, 2000)

SOHO 
LASCO 
C3



SOHO/CELIAS/HSTOF 
Observational field of view in the ecliptic plane

SOHO/CELIAS/HSTOF “field of view”
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HSTOF Position 
Single Rate

X-ray souces
(Rosat)
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Salzhausen Sep 16 2010 



Energetic Neutral 
Atom - ENA - fluxes
Projections of the 
neutral column density and 
plasma ion populations
along the line-of-sight

1) Jion(E) (observed by V1/ V2 in apex, but not in tail region of heliosphere)
2) JENA (e.g. SOHO at 1 AU)
3) JENA(E)  and Jion(E) flux measurement yields the neutral column densities along the field-of-view   
JENA,H(E) / (Jion(E) * σex)  =  NH

4) from the column density NH  and the ISM density nH, one can calculate the extension L of the 
source region NH / nH = L

NH

Jion

JENA

L

nH



Hilchenbach 1998

SOHO: First suprathermal neutral hydrogen 
(ENH) observations



A potential explanation of the SOHO 
ENH heliotail observations

Czechowski 1995, 1999

Grzedzielski 1993
Due to convection and diffusion, the ACR density and 
consequently the ENA flux along the line-of-sight could be 
increased.



ENH in the inner and outer heliosphere:
ENH sources and expected ENH flux and flux anistropy

Kota and Hsieh 1999, 2001Czechowski et al. 2001 (based on Kausch’s model)

ACRs CIRs

+

Anti-Apex or 
tail region

Apex region

LISM -
Helium 
Cone

ACR
density

SOHO flux
Hilchenbach et al. 2000

*



ENH and the Termination Shock

Czechowski 2005



adapted from Hilchenbach et al. 1999

Estimated proton flux of EHA origin  at 1 AU: ~ 10-4 (cm2.sec.sr.keV) -1
(Energy range: 58 to 88 keV)

Are EHAs a source of the quiet  time
energetic proton flux in the inner heliosphere ?

10-2

10-3

10-4



H+ and He+ Charge Exchange Cross Sections
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0° 360°180°

SOHO/CELIAS: Averaged neutral energetic hydrogen (ENH) and 
helium (ENHe) fluxes (time interval 1996-2006 *)

ENH

ENHe

0° 360°180°

tail

nose

tail

nose

*further onwards, the tail and apex directions are not scanned anymore by SOHO/CELIAS field-of view due to a SOHO 
onboard antenna motor failure in 2003.



ENH and ENHe 
energy spectra:
FOV direction 

APEX

TAIL

Hilchenbach 2011, Czechowski 2012



Anomalous Cosmic Ray Helium Ions as Source 
of ENHe in the Outer Heliosphere

Czechowski 2004



ENH and ENHe Fluxes 1996-2005 

Hilchenbach 2006

Fluxes from apex direction of heliosphere

ENH

ENHe



ENH and ENHe Fluxes 1996-2005 in the apex-
sector of the heliosphere 

Hilchenbach
2006

ENH

ENHe

nose



ENH and ENHe Fluxes 1996-2005 in the apex-
sector of the heliosphere 

Hilchenbach 2006

ENH

ENHe

same position as 
"ribbon" in IBEX 
observations at 
lower energies 



ENH Fluxes and a 
Time-Dependent Heliosphere 

Hilchenbach 2005

Assumptions: No diffusion, only convection and no loss processes ...

Time variations of the ENA fluxes should show up more pronounced in the 
energy region < 10 keV.
Furthermore, the model parameters applied in these calculations led to an 
increased ENA flux from the apex region. Scherer 2005
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Energetic ions of the Heliosheath

Decker 2005

Decker 2009



1996-1997 1998-2003

Thickness of the heliosheath in apex 
direction (SOHO/CELIAS/HSTOF and Voyager 1)

Czechowski 2006

->Average thickness of heliosheath L (nH about 0.1 cm-3):  about 
75 AU -> in apex direction (“nose”) about 30 AU....



Thickness of the Heliosheath

Czechowski 2008

Estimate of L based on SOHO/CELIAS/STOF ENH, ENHe and VOYAGER 1 LECP  data 
NH = (0.63 +/- 0.19) x 1014 cm−2 
corresponding to a thickness of the heliosheath 
L = 42 +/- 12 AU with nH = 0.1 cm−3.



How SOHO/HSTOF data fit into the global 
picture of neutral and charged particle 

observations 
(IBEX, CASSINI-INCA, SOHO-CELIAS-HSOTF, VOYAGER-LECP)



Thickness of the Heliosheath

Hsieh 2010



Thickness of the Lobes of the Heliosheath

Czechowski 2012



Conclusion

ENH and ENHe fluxes from apex direction 
observed by SOHO/HSTOF are consistent with 
a heliosheath thickness of 25 +/- 8 AU 
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Shigeo Fukuda:

Projection of a piano ... 



... and the full view



Voyager 1 and  Voyager2 

Gurnett et al 2013



Voyager 1 at 121.94 AU (archive data...): 
Has Voyager 1 crossed into the heliopause?

Decker 2012

Voyager Data 
Archive Sep 2012



Krimigis et al 2013 Burlaga et al 2013

Suprathermal energetic 
particles declined, 

galactic cosmic rays - 
GCRs -increased and 

magnetic field 
increased, but still 

aligned along Parker's 
spiral.



Gurnett et al 2013

Plasma density increased - Voyager 1 crossed 
the heliopause into the interstellar plasma on or 

about August 25, 2012.
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Bad Honnef, 15. Januar 2010



Rosetta lander Philae 
Nov 2014



Müller
2006

Heliospheric gas 
and plasma
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Selected samples
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Weathering and matter

STICKING AND 
BACKSCATTERING
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Ziegler 2011
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Implantation depth

depth of interaction region < visible light 
wavelength
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Ancient time of comet assembly.....



Example: Si isotopes

Can we explore the "ancient" weathering - 
before the cometary dust grains were shielded 

within the nucleus from the solar wind and 
heliospheric environment 

with the SIMS Instrument COSIMA onbard 
Rosetta?

115In projectiles ... cometary grain 
sputtering from 2014 onward


