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LectureLecture 2. COSMIC RAYS IN THE HELIOSPHERE2. COSMIC RAYS IN THE HELIOSPHERE

•• CR populationsCR populations

•• CR propagation CR propagation 

•• CR modulation (longCR modulation (long--, medium, medium-- and shortand short--term)term)

•• Solar CR eventsSolar CR events
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Solar

or Extra-galactic

Low enery GCR s

LOCAL INTERSTELLARLOCAL INTERSTELLAR
CR SPECTRUMCR SPECTRUM [LIS][LIS]
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COSMIC RAYS
In the

HELIOSPHERE

GALACTIC or
EXTRA-GALACTIC

POPULATION
[GCRs]

ANOMALOUS
POPULATION

[ACRs]

SOLAR PARTICLE 
POPULATION

[SCRs]

From energetic 
phenomena on

the SUN

From ionized neutral interstellar atoms by

- Photoionization induced by solar UV photons

- Charge exchange collisions with protons

IMF (frozen in solar wind) picks up and carries them  (PICKUP IONS)
SW TERMINATION SHOCK 

( acceleration up to tens of MeV/nucleon )
IN SITU MEASUREMENTS CONTRADICT ??? 

INNER HELIOSPHERE

OUTER HELIOSPHERE
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NASA
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Taken from Smart D.F. and Shea M.A. , Chapt.6 
in Handbook of Geophysics and the Space 
Environment, A.S. Jursa (ed.), AF Geophys. Lab., 
1985.

GloecklerGloeckler, 1979, 1979

SOLAR MAXIMUM

SOLAR MINIMUM

(5 TIMES)

overabundance
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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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The CR transport theory was described, for the first 
time in 1965, by E.N. Parker*. There are four involved 
phenomena related with the solar wind (SW) outflow:

• SW convected turbulence CR CONVECTIONCR CONVECTION

• SW expansion ADIABATIC DECELERATIONADIABATIC DECELERATION

• IMF turbulence CR DIFFUSIONCR DIFFUSION

• IMF gradient and curvature CR DRIFTCR DRIFT

*  E.N. Parker, Planet. Space Sci. Rev. 13, 9-49, 1965.

CR COLLISIONS WITH SOLAR WIND PARTICLES ARE COMPLETELY NEGLIGIBLCR COLLISIONS WITH SOLAR WIND PARTICLES ARE COMPLETELY NEGLIGIBLEE

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)
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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: 

convection

drift

diffusion

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]

Adiabatic loss

Diffusion tensorSolar wind speed

Parker’s equation (1) is usually solved by the 
numerically approach.



CR PROPAGATION                              CR PROPAGATION                              M. M. StoriniStorini / Trieste / Trieste -- 5 5 MayMay 20062006
Fisk in 1996** introduced a 
heliospheric MF model, which
includes a meridional field
component, absent in the 
Parker model.  

Relevant for the reorganization
of the heliospheric MF

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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OTHER TWO OTHER TWO ““INGREDIENTSINGREDIENTS”” FOR CR PROPAGATION STUDIES:FOR CR PROPAGATION STUDIES:

- Tilt angle of the current sheet and charged-particle propagation (drift effects) 

- Magnetic helicity [the measure of magnetic fieldline twisting, linking and 
kinging (also called writhing)] 

Gaziz, P.R., Rev. Geophys. 34 (3), 379-402, 1996.

Protons
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http://ulysses.sr.unh.edu/NeutronMonitor/neutron_mon.html
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MODULATION POTENTIAL or MODULATION STRENGTH (MODULATION POTENTIAL or MODULATION STRENGTH (ΦΦ))

The total amount of CR modulation observed in the heliosphere can 
be described by a single parameter (Φ), if in the phase-space an 
isotropic CR density distribution is assumed (Force-Field 
approximation).

Introduced Φ in the CR transport equation, it is possible to obtain an 
analytical solution in which Φ 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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SPECTRA PARAMETERIZATION
I.G. Usoskin, Heliospheric modulation of galactic cosmic rays

COST 724 – Trieste Meeting - 2004
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MAIN CR VARIABILITIESMAIN CR VARIABILITIES

ORIGINORIGIN

• 22-yr modulation HALE CYCLE (heliomagnetic field time history)

• 11-yr modulation SCHWABE CYCLE (solar activity)

•Forbush decrease TRANSIENT INT. PERTURBATION

• Regular decrease COROTATING STREAMS (27-day periodicity)

• Diurnal anisotropy CONVECTION + DIFFUSION (24-h periodicity)

• GLE event    RELATIVISTIC SOLAR PROTONS (sporadic)
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FD TYPES:                                 (ENCOUNTER)

1-STEP DECREASE (with a stream without MC)

2-STEP DECREASES (with a stream + MC)

DIURNAL WAVE

INAF/IFSI_UNIRomaTre collaboration at http://www.fis.uniroma3.it/~svirco/
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Azimuthal encounter: N-S CR anisotropy 
+ Diurnal wave

(see Storini M.: Galactic cosmic-ray 
modulation and solar-terrestrial relation-

ships, Il Nuovo Cimento, 13C, 103-124, 1990 
&14C, 211, 1991).

Richardson I.G. et al., JGR 101 (6), 13483-13496, 1996.
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CENTRAL MERIDIAN EMISSION              W90 EMISSION      

• Distinct increase in the counting 
rate related to solar activity.

• Particles with near solar wind 
energies to relativistic ones. 

• Catalogues of proton events 
generally concerns E > 1 MeV. 

RELATIVISTIC PROTONS

Antarctic Laboratory for
Cosmic Rays –

King George Island

SOLAR ENERGETIC PARTICLES
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From Aran et al.:
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Taken from Cliver E.W., AIP Conf. Proc. 516, 103-119, 2000.

PresentPresent scenario scenario 
more more complexcomplex::

AlsoAlso mixedmixed eventsevents!!!!!!
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Taken from Cohen C.M.S, Proc. 28th ICRC, 8, 113-133, 2004

McKibben et al., Space Sci. Rev. 97, 257, 2001
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ESP
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Solar particle FLUENCE derived from ice cores (see McCracken K.G. et al., 
JGR 106 (10), 21585-21598 & 21599-21609, 2001).



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

CRsCRs IN THE HELIOSPHEREIN THE HELIOSPHERE M. M. StoriniStorini / Trieste / Trieste -- 5 5 MayMay 20062006
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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).


