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 1s a huge region in the Galaxy dominated by the solar
wind, rarefied plasma that 1s continuously emitted by the Sun and
expands till its pressure 1s 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 1s 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 1s 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 1s also given concerning education and research on the
heliosphere and more generally Space Physics in Greece.
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F1c. 1. A possible disposition of a solar magnetic field inside the
cavity in the galactic field. The arrows represent the solar corpus-
cular radiation.

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
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Figure 1. The configuration of the heliosphere shown schematically.
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E rmination shock

Intarstellar
winds

Voyager 1 exited the —+!
from the Sun,

35 Au

Krimigis SM, Deckex RB, Hill ME, Armstrong TP, Gloeckler G,
Hamilton DC, LanzerottcLJ, Roelof EC., Nature, 426, 45-8, 2003
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Infrared Image Artist's Concept MASA/JPL-Caltech / T. Pyle (SSC)
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The Sun’s Heliosphere & Heliopause

Credlt& Copyrlght P. C Frlsclr(U Chlcago) et al. U Indlanal
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solar activity changes the heliosphere,
the heliosphere modulates cosmic rays
cosmic rays "seed" clouds and affect rainfall ?
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solar activity changes the heliosphere,
the heliosphere modulates cosmic rays
cosmic rays "seed" clouds and affect rainfall ?
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solar activity changes the heliosphere,
the heliosphere modulates cosmic rays
cosmic rays "seed" clouds and affect rainfall ?

s E. Palle Bago and C. J. Butler
T The influence of cosmic rays on
terrestrial clouds and global
warming

Astronomy & Geophysics, August
2000, 41, 18-22.
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Figure 1.3 Dial plots of solar wind speed with co-temporal coronal images two vears prior to solar mimimum (Or-
bit 1) and at solar maximum (Orbit 2). Time runs clockwise from 3 o clock. along with heliographic latitude. The
solar wind speed scales are 300 km/s (1000 km/s) on the mnner (outer) dashed circle. The 6.2 vear orbits start in

1992 and 1998. The gaps at the north and south poles reflect the maximum Ulysses latitude of 80.2°. The final U-

IT data point 15 from December 2002,




Solar wind velocity in 3D for several Carrington rotations
near solar maximum (1990)
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Study of the solar Slow Sonic,
Alfven and Fast Magnetosonic
transition surfaces, using data from
Ulysses
and spacecrafts at 1AU (OMNI)

Valadis Katsikas, George Exarhos
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Ulysses mission

Ulysses
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— Itis the first time that
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Deflection of the Interstellar
ATy

R el :
%u;:::ﬁ::ﬁ Lallement, R., et al., Science,
SR 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 1s 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

1 pc

compass.




the shape of the heliosphere and the interstellar magnetic field orlentatlon
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heliosphere and heliopause Ulysses data
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~=="=* -THE LOCATION OF THE HELIOSPHERIC TERMINATION
s SHOCK

i S 2.1. Analysis

From Rankine-Hugoniot shock jump conditions for a
strong oblique termination shock, we get (Barnes 1998)

U, sin f=u, sin o (1)
solar wind flow
g o u, cos f = y_lu CoS 0 (2)
: - S ]} _l_ 1 1
_ (1t
ps = pl(,y — 1) (3)

Heliospheric
Termination Shock

F1G. 1.—Solar wind passing through an oblique termination shock 2 2 2
Ps = P1 ff"q( ) cos™ a, (4)



solar wind flow

Heliospheric
Termination Shock

F1G. 1.—Solar wind passing through an oblique termination shock



Then equation (4), with the help of equations (2) and (5),
becomes

, 27+ 1) cos® f

(v — 1) [4y/(y — 1)*] cos® p+ 1~

The pressure distribution p, on the termination shock is
obtained applying the Bernoulli equation for the flow
between the termination shock and the heliopause,
assuming that the flow is incompressible (see § 1):

2psus T ps me um +pm . (7)

Substituting p, from equation (3) and u, from equation (5)
and then solving for p,, we take

B 1 .2 1 [(y+1
ps_pm 2pcao 00 2p1]}_1

Uy
" M/ — 1)Joos? f+1°

Ds = P1 M1 (6)




The solar wind density p, upstream of the termination
shock varies with radial distance r like

py = pﬂ(ﬁ) , )
rS

e\ _ 2o+ D + [/ — D1

ry 29Dy + 3P US)




f?::}- We express the velocity potential of the flow after the terminatior
shock in the form (Fahr et al. 1993; Nerney & Suess 1995)

where P are the associated Legendre polynomials
® =) (A1 + B, ") cos mpPJ(cos 0)
Im

B , 1 .
(I)=Aﬂ+?”—|—r(Acos¢s1n9+Bcosﬁ)-|—r—2(l“cosqbsm9+AcosH)

d® B, 2 _

U = — I — (A cos 0 sin 6 + B cos 0) + r(l“cosqb51n9+ﬂcosﬂ)
1 00 1 :
u9=——@=—Acosgb0039+Bsm9—§(l“cosgbcosB—AsmH]

1 00
Uy = — 0 =Asin ¢ + Sm('b

rsin 0 d¢ P



The boundary conditions that we use are the following:

1. u(r - )= —u_z;

2.1{0 =1/2, ¢ =0) =10 = 7/2, ¢ =m);
3. ur=ry, 0=0=0;

4. ulr=r{0=0)] = — DIy + Du,.

From condition 2 we find that A =0and I' =0 .

From condition 1 B=u_.

From condition 3 we have B, =|B— 35— [r(0 =0)
(0 = 0)_



A o {y — DAy + Dy + uy,}ré(0 = 0) — uZ rf(0 = 0)
2{[1/r(0 = 0)] — [1/r(8 = 0)]} |

the only unknown parameters are
the termination shock radius
and the heliopause radius r, 1,

rs (O) can be determined from:

(r_) _poly + D + [y — 1)
29(Poy + 2P U3) |

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

r-(0)- r.(0)=37.6 AU .

0



CR modulation

J = J,exp(—yugyB”)

J(, J) = (J(i — 1, 7) exp(—ymmBg_Lj))
+J—1,7— l)exp(VZMSng_Lj_l))



