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Lecture 2. COSMIC RAYS IN THE HELIOSPHERE

* CR populations
* CR propagation
 CR modulation (long-, medium- and short-term)

e Solar CR events
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- Charge exchange collisions with protons
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Energy spectra from several
moderate-size SCR events
compared with the galactic CR
spectrum.

(Fitchel and McDonald, Ann. Rev.

Astron. Astrophys. 5, 351, 1967)
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SPACE SCIENCES SERIES OF 1S§S1

Cosmic Rays The CR transport theory was described, for the first
R time in 1965, by E.N. Parker*. There are four involved

R. von Steiger and K.-P. Wenzel (Eds.)

phenomena related with the solar wind (SW) outflow:
« SW convected turbulence #

« SW expansion #

* IMF turbulence #

 IMF gradient and curvature #

CR COLLISIONS WITH SOLAR WIND PARTICLES ARE COMPLETELY NEGLIGIBLE

Note that SW is either expanding (outward solar flows) or compressing
(at shock structures). Therefore, IMF irregularities are moving apart or
closer together # CRs undergo adiabatic cooling or heating.

(local deceleration or acceleration)

* E.N. Parker, Planet. Space Sci. Rev. 13, 9-49, 1965.
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Assuming f(r, R, t) as the CR distribution function (with r: position,
R: particle rigidity and t: time) the transport equation is:

ﬂfm

Py convecti?n _. . )
& = |Vt |- Tf + V- (K V)
driftd... ... : (1)
Solar wind speed i ll""\— .V of + () . Diffusion tensor
3 IIn R~~~

Fa)

Additional internal sources

-.__The different elements of the diffusion
tensor with respect the Parker spiral.

[taken from Heber, B., IJMPA 20 (29),
6621-6632, 2005]

Parker’s equation (1) is usually solved by the
X numerically approach.
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Fisk in 1996** introduced a
heliospheric MF model, which
includes a meridional field
component, absent in the

1
=

Parker model. @

Relevant for the reorganization
of the heliospheric MF

Wh flekd Bre maflon

But difficult to handle
in numerical models

** L.A. Fisk, JGR 101 (7), 15547-15553, 1996.
* E.N. Parker, Planet. Space Sci. Rev. 13, 9-49, 1965.
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- Tilt angle of the current sheet and charged-particle propagation (drift effects)
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Gaziz, P.R., Rev. Geophys. 34 (3), 379-402, 1996.

- Magnetic helicity [the measure of magnetic fieldline twisting, linking and
kinging (also called writhing)]
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The total amount of CR modulation observed in the heliosphere can

be described by a single parameter (®), if in the phase-space an
isotropic CR density distribution is assumed (Force-Field
approximation).

Introduced @ in the CR transport equation, it is possible to obtain an
analytical solution in which @ is the variable parameter. Such solution
needs the knowledge of the LIS spectrum.

# It can be derived also from direct measurements (no assumption for
LIS is needed)

# It gives better results in the inner heliosphere than in the outer one,
where numerical solutions of the CR transport equation work better

# EXAMPLE
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= _eaving physical interpretation aside, the force-field formalism provides a very good approximation of
the shape of the differential CR energy spectrum, for both p and «, in a wide range of parameters.
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ORIGIN

« 22-yr modulation HALE CYCLE (heliomagnetic field time history)
* 11-yr modulation SCHWABE CYCLE (solar activity)

‘Forbush decrease TRANSIENT INT. PERTURBATION

* Regular decrease LLULJCOROTATING STREAMS (27-day periodicity)
 Diurnal anisotropy CONVECTION + DIFFUSION (24-h periodicity)
* GLE event RELATIVISTIC SOLAR PROTONS (sporadic)
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CR MODULATION
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* Distinct increase in the counting
rate related to solar activity.

* Particles with near solar wind
energies to relativistic ones.

pressure corrected data (%)

« Catalogues of proton events
generally concerns E > 1 MeV.
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From Aran et al.:

ESA/ESTEC Contract 14088/99/NL/MM (TOS-EES)
(the final report can be downloaded from the web of the group:
httpfiwww . am.ub_es/~blai)

DGU/MECD Spain
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PROPERTIES OF IMPULSIVE AND GRADUAL EVENTS
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Taken from Cliver E.W., AIP Conf. Proc. 516, 103-119, 2000.
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Typical flux profiles of SEP events generated from different
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solar longitudes relative to the cbserver
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ESA/ESTEC Contract 14098/9%/NL/IMM (TOS-EES)
(the final report can be downloaded from the web of the group:
http-ffwww.am_ub.esi~blai)

DGU/MECD Spain
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In summary
POPULATIONS
Galactic CRs
Anomalous CRs
Solar CRs,
but also:

 pick-up ions
« energetic storm particles (ESP)

* diffuse upstream ions (bow shocks of planets
and comets)

« corotating ions
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CONCLUSION

These lectures intend to give only the background
knowledge of the field, with special attention on topics
related to Space Weather. No completeness should be

expected due to the few hours allowed.

Students are encouraged to read the Proceedings of the
International Cosmic Ray Conferences (specially the volume
INVITED, RAPPORTEUR, AND HIGHLIGHT PAPERS,
29 meetings from 1947).



