
The heliosphere is a huge region in the Galaxy produced by the 
interaction of the solar wind with the interstellar medium, low density 
hydrogen and helium gas that permeates the local interstellar medium.
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The heliosphere is a huge region in the Galaxy dominated by the solar 
wind, rarefied plasma that is continuously emitted by the Sun and 
expands till its pressure is balanced by the pressure of the interstellar 
medium that surrounds all stars. 

The heliosphere changes continuously from the variations of velocity, 
density, magnetic field and structure of the solar wind. 

The heliosphere is the large scale environment of humans, and as such it 
greatly affects our lives on Earth (even more in space), mainly through 
the modulation of cosmic rays. 

A brief presentation of the heliosphere is given, fast and slow streams in 
the heliosphere are described, the heliospheric current sheet, the 
termination shock, the heliosheath and the heliopause are presented 
and 

its influence to the galactic cosmic rays and energetic particles. 
A quick reference is also given concerning education and research on the 

heliosphere and more generally Space Physics in Greece.



The first suggestions concerning the existence and nature of the heliosphere were made 
in 1955 by Leverett Davis in connection with the origin and propagation of cosmic rays



Axford, W. I., The interaction of the solar wind with the interstellar medium, Solar Wind, NASA SP-308 (C. 
P. Sonett, P. J. Coleman, Jr., and J. M. Wilcox, eds.), pp 609-657, NASA, Washington D.C., 1972. 

and Axford, Space Science Reviews 78: 9-14, 1996.
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Voyager 1 exited the solar wind at a distance of approximately 85 Au 
from the Sun,

Krimigis SM, Decker RB, Hill ME, Armstrong TP, Gloeckler G, 
Hamilton DC, Lanzerotti LJ, Roelof EC., Nature, 426, 45-8, 2003







The Sun's Heliosphere & Heliopause 
Credit & Copyright: P. C. Frisch (U. Chicago) et al., U. Indiana



Possible extend, radius of Termination Shock
based on the LISM magnetic field and desnity
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Gary Zank 



Pogorelov and Zank (2004), 
Ratckiewicz et al (2002) 
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star L.L. Orionis colliding 
with the Orion Nebula flow. 
The Hubble Heritage Team 
(STScI/AURA)



solar activity changes the heliosphere, 
the heliosphere modulates cosmic rays
cosmic rays "seed" clouds and affect rainfall ?

Svensmark and 
Friis-Christensen, 1997. 



solar activity changes the heliosphere, 
the heliosphere modulates cosmic rays
cosmic rays "seed" clouds and affect rainfall ?

Marsh & Svensmark, 2000



solar activity changes the heliosphere, 
the heliosphere modulates cosmic rays
cosmic rays "seed" clouds and affect rainfall ?

E. Palle Bago and C. J. Butler
The influence of cosmic rays on 
terrestrial clouds and global 
warming
Astronomy & Geophysics, August 
2000, 41, 18-22. 





1990 near solar maximum              1987near solar minimum 



Solar wind velocity in 3D for several Carrington rotations 
near solar maximum (1990)



1994 near 
solar minimum 



Study of the solar Slow Sonic, 
Alfvén and Fast Magnetosonic

transition surfaces, using data from 
Ulysses 

and spacecrafts at 1AU (OMNI)
Valadis Katsikas, George Exarhos
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Ulysses mission

Orbit:
– It is the first time that 

a mission study the 
heliosphere in 3D

– observing the 
interplanetary medium 
off the ecliptic, 

– above the poles of the 
Sun.



the shape of the heliosphere the shape of the heliosphere 
using using Ulysses Ulysses measurementsmeasurements

George George ExarhosExarhos, E. , E. PaourisPaouris, A. , A. NikolopoulouNikolopoulou



Deflection of the Interstellar 
Medium
Lallement, R., et al., Science, 
307, 1449, 2005
Doppler shifts of the interstellar 
hydrogen resonance glow to show 
the direction of the neutral 
hydrogen flow as it enters the inner 
heliosphere. 
The neutral hydrogen flow is found 
to be deflected relative to the 
helium flow by 4 degrees. Due to 
the direction of the interstellar 
magnetic field. In this case, the 
helium flow vector and the 
hydrogen flow vector constrain the 
direction of the magnetic field and 
act as an interstellar magnetic 
compass.



the shape of the heliosphere anthe shape of the heliosphere andd the interstellar magnetic fiethe interstellar magnetic fielld orientationd orientation
AngelikiAngeliki NikolopoulouNikolopoulou, 2000, 2000



the shape of the heliosphere using the shape of the heliosphere using Ulysses Ulysses measurementsmeasurements
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the shape of the heliosphere using the shape of the heliosphere using Ulysses Ulysses measurementsmeasurements
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Time variations of the Heliosphere, estimations of the heliospheTime variations of the Heliosphere, estimations of the heliospheric termination velocity (OMNI data). ric termination velocity (OMNI data). 

Generation of 
turbulence 

at the 
termination shock

and 
Cosmic Ray 
acceleration



time variations of the Heliosphere: temperature, density, magnettime variations of the Heliosphere: temperature, density, magnetic filed, velocity of the termination shock and radius (OMNI datic filed, velocity of the termination shock and radius (OMNI data)a)
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Heliospheric
termination
shock

Spherical 
magnetic 
sector

Magnetic heliosphere model (time variable)
homocentric spherical shells with 
constant magnetic field measured by s/c
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COSMIC-RAY MODEL                                  ULYSSES COSMIC-RAY 
MEASUREMENTS

POLAR DIAGRAM                                    (320-2100 MeV )     POLAR DIAGRAM
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STEREO/WAVES, 
WIND & ARTEMIS 



Interstellar Boundary Explorer (IBEX), 

David J. McComas, Principal 
investigator





National and Kapodistrian 
University of Athens

Space Physics course since 
1972

~20 PhD 
50 MSc theses 
300 PSc theses

during the last 30 years

Space Physics grour
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appendix











We express the velocity potential of the flow after the termination
shock in the form (Fahr et al. 1993; Nerney & Suess 1995)

where P are the associated Legendre polynomials





the only unknown parameters are 
the termination shock radius 
and the heliopause radius rs rh

rs (0) can be determined from:

rh(0) can be determined from the one-dimensional model by 
Khabibrakhmanov et al. 1996)

rh(0)- rs(0)=37.6 AU .



CR modulation


