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THE MATTER OF THE PROBLEM

We will show that Solar Cosmic Rays (SCR), Solar Energetic
Particles (SEP), energetic particles generated in Heliosphere,
in magnetospheres of the Earth, Jupiter, Saturn and other
planets, in interplanetary space, and in atmospheres of stars
have the same nature as Galactic and Intergalactic CR: they
are all runaway particles from the Maxwell-Boltzmann
distribution of background plasma where they were
generated. Energy of these run-away particles is much
higher than average energy of background thermal particles.
We will show in our report that the energy of all these run-
away particles have the same general nature: it is always
transfer energy from the Macro-objects and Macro-
processes directly to charged particles, to Micro-objects.



THE MATTER OF THE PROBLEM

This transfer energy is formatted in dynamic plasma
with frozen in magnetic fields: really magnetic fields
‘glues’ thermal background particles in Macro-
objects and Macro-processes involved billions
thermal particles. Through magnetic fields runaway
particles can interact not only with thermal
background particles (and loose energy), but also
directly with Macro-objects and Macro-processes
with very high macro-energy (many order higher
than energy of run-away particles) with energy
increasing of runaway particles (CR, Astroparticles).



THE MATTER OF THE PROBLEM

We come to conclusion that the main cause of origin
of all types of Cosmic Rays in any objects and
processes in the Universe is the transform energy
from Macro-world directly to Micro-world through
frozen in magnetic fields in plasmas. Let us outline
that without frozen in magnetic fields run-away
particles cannot interact with whole macro objects
or macro-processes, but only with objects of Micro-
world (ions, electrons, atoms, molecules, and so on,
and mostly with loosing energy). At the stage when
in early Universe were formatted exited small
density plasmas objects with frozen in magnetic
fields, where formatted also Cosmic Rays of
different types. We consider also the problem of
formatting energy spectrum of different types of CR.



Internal and external CR; multiple origin of CR

It is natural to define cosmic rays (CR) as run-away
charged particles with energies at least several orders
of magnitude higher than the average energy of
thermal particles of background plasma. There is
internal CR, generated inside the background plasma
of object considered, and external CR generated in
other objects and propagated to the considered
object. There are CR of different origin: Extragalactic
or Metagalactic CR (ECR), Galactic CR (GCR), different
types of Stellar CR (StCR), Solar CR or Solar Energetic
Particles (SCR or SEP), Heliospheric CR (HCR),
Interplanetary CR (ICR), Magnetospheric CR (MCR).



Extragalactic or Metagalactic CR (ECR)

ECR of very high energy (up to 10%* eV or even
up to 10%% eV) are generated in radio-galaxies,
guasars and other powerful objects in the
Universe and come through intergalactic space
to our Galaxy, to the Heliosphere and into the
Earth’s atmosphere. Therefore, they are internal
for Metagalaxy and external relative to our
Galaxy and our Heliosphere.



Galactic CR (GCR)

GCR, with energy at least up to 101>-10%° eV
(may be up to 10!/ eV ), are generated mainly
by shock waves in supernova explosions and
supernova remnants, in magnetospheres of
pulsars and double %tars, reaccelerated by
shock waves in interstellar space and other
possible objects in the Galaxy. These CR are
internal relative to our Galaxy and external to
our Heliosphere and the Earth’s
magnetosphere.




Solar CR (SCR)

SCR, with energy up to 15-30 GeV, generated in the
solar corona in periods of powerful solar flares, are
internal CR for the Sun’s corona and external for
interplanetary space and the Earth’s magnetosphere.
SCR play important role in Heliosphere, and Earth’s
magnetosphere/atmosphere, but they role in general
balance of GCR in the Galaxy (together with other
stars) is expected negligible.



Different types of Stellar CR (StCR)

Stellar flares and shock waves in stellar winds
are powerful sources for generation StCR with
upper energy much bigger than Solar CR (may
be up to 10'%-10%2 eV). The role of StCR is
important in the region not far from the
corresponding star, but in general balance of
GCR in the Galaxy the summary role of all StCR
is expected negligible.



Heliospheric CR (HCR) and Interplanetary CR (ICR)

Heliospheric CR (HCR), with energy up to ~100 MeV, are
generated by the terminal shock at the boundary of the
Heliosphere (when they are discovered at about 1960s
they was called Anomaly CR or ACR). HCR are internal to
our Heliosphere and external to the Earth’s
magnetosphere.

Interplanetary CR (ICR) also with energy up to ~100
MeV are generated by CME (Coronal Mass Ejections)
and by powerful interplanetary shock waves from solar
flares and CME. They are internal to our Heliosphere
and external to the Earth’s magnetosphere.



Magnetospheric CR (MCR)

MCR, with energy up to 10 -20 MeV are generated in
magnetospheres of Jupiter and Saturn, and up to 1-2
MeV in the magnetosphere of the Earth. MCR are
generated inside the magnetospheres of all rotating
magnetized planets interacted with solar or stellar
winds. MCR are internal CR in the corresponding
magnetosphere and external relative to Heliosphere
and Stellar-spheres.



Two maxima in particle energy distribution in
maghnetized space plasma

Let us consider the particle energy distribution in any
magnetized dynamic space plasma. We can see that there
are always two maxima in this distribution, with a great
difference in average energles (many orders of
magnitude). Dyl Epi= Epexpl—Ep kT

i T™ i
— ]
rn

I::E }'I_;_I" = IJ _'."'-..-! =1=10) el BEE_I._E;;_.:IE:

LY

'::Ea }GCR =107 eV Neep =10 10 oy =3

{Eﬁ }ECR Nerp = { }1 g NI EHT ‘){5,. =1leV.cm

-
-l



Two maxima in particle energy distribution in
magnetized space plasma
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Comparison of macroscopic and
microscopic energies

* magnetic cloud (or shock wave connected with
this cloud) in the interplanetary space
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Formation of CR spectrum and upper energy limit

The thermodynamic equilibrium between macroscopic
magnetized plasma motion and CR charged particles can not be
reached, since the energy increase is hardly limited and the

formation of the energy spectrum is determined by the following
three important factors :

1. The rate of energy increase during the acceleration process
(as determined by the details of the acceleration mechanisms

2. The energy loss of accelerating particles by ionization and
nuclear interactions (important for small and middle energy),
on interactions with the magnetic field (synchrotron
radiation; important for electrons), interactions with photons
(especially with relict photons at 2.7 P&, important for high
energy particles with £ > 1013-10%° eV).



Formation of CR spectrum and upper energy limit

3. Particle escape from the acceleration region: for the energy interval
in which the escape probability is proportional to the time of a
particle’s acceleration and does not depend on the energy of partlcles
the power index y is constant (for galactic CR, the range is1p!? —19%7 &1y

. When the probability of escape starts to increase with increasing
particle energy, the power index y starts to increase with increasing Z:.
This gives a gradual upper cut off for the energy spectrum: for galactic
CR generated in supernova remnants it is expected to be about 10716
eV and for solar CR generated in solar flare events it was observed from
100 MeV up to about 20-30 GeV (in different cases) and for stellar CR
generated in much greater stellar flare events upper energy limit
expected to be several order higher. For interplanetary CR generated by
terminal shock wave and interplanetary shock waves the observations
give a cut off energy of about 10—100 MeV, for magnetospheric CR
generated in planetary magnetospheres direct measurements gave for
upper energy limit from 1-2 MeV for the Earth and up to 10-20 MeV for
Jupiter and Saturn.



Comment to the Fermi (1949) acceleration mechanism
(AEE), =22wfc?  ve=(viu)f2i

dEfdt =|AE| vy +(AE) v_ =0oF 55=2u:1,-],.'f_,;£3

Dorman, 1983: see in Dorman, M2006, Section 4.3



Single interaction of charged particles with
shock wave: drift acceleration
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Single interaction of charged particles
with shock wave: drift acceleration

If the shock wave propagated in plasma with charged
particles frozen in magnetic fields near the shock front, there
will be drift along the electric field and acceleration (drift
acceleration). This mechanism was supposed by Dorman and
Freidman (1959) for explaining the effect of galactic CR pre-
increase before the start of big magnetic storms with sudden
commencement (caused by interplanetary shock waves from
the Sun). In this case u,H, = u,H, and E, =E,; the increasing
energy E of accelerating particle will be AE =ZeE,L = ZeE,L,
where Ze is the charge of accelerated particle. Later this
mechanism was developed in detail by Shabansky (196,
1966), Schatzman (1963), Alekseev and Kropotkin (1970),
Alekseev et al. (1970), Vasilyev at al. (1978).



Multiple interactions of charged particles with a
shock wave: regular or diffusive acceleration;
application to CR generation in Supernova remnants
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developed by Krymsky (1977), Axford et al. (1977), Bell
(1978a,b), and Blandford and Ostriker (1978)
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1. Heobxoaumblie ycnosus

Mpeanonoxum, 4to Hawa LUuBunnsauma cymena mnsbexkartb
CaMOYHUNUYTOXKEHUA N3-33 BO3SMOXKHbIX TEPMOAAEPHDbIX BOMH.
B aTOM cnyyae MmOXKHO OXMUAaTb Yepe3 HeCKOJZIbKO COTeH net
peweHua npobnembl ynpaBaaemoro TepmMo-A4epPHOro
CMHTE3a W CO3AaHMA MOLUHbIX MOHHbIX ABUratenem AnA
KOCMUUYECKMUX Kopabneu ¢ penatuBUCTCKMMMU CKOPOCTAMM,
CPaBHUMbIMM C TEMMU, KOTOpble HabnloaaloTcA Y NPOTOHOB
K/N1. Tormpa TO, 4YTO Mbl paccmaTpuMBaem cenyac Kak
MbIC/IeHHble nyTewecTBMA MOTYT CTaTb PeaZibHbIMMU.



2. Mpumepbl NPOTOHOB C Pa3HbIMU 3HErMAMM

* Mbl paccmaTpuBaem pasHble 3HepPruu NPOTOHOB, HO
ocobeHHO BNneyaTAAaoLWUM ABAAECTCA C/y4al CambIX
BbICOKMX 3HEprui: NnpoToH c 3Hepruein 10° 3B. B
3TOM C/ly4ae OH nepeceyet Hawy ANAKTUKY
(pasmepom OKono cTa TbiCAY CBETOBbIX JIET) BCEro 3a
5 MUHYT cBOEMN }KU3HU. [TpK 3TOM OH YBNAUT
daHTaCTUUECKYIO KapTUHY: Ha BCTpeuy byayT netetb
3B€34bl U N/1AaHETbl CO CKOPOCTbIO 621IN3KOM K
CKOPOCTU CBETAa, CU/IbHO CXaTble B HanpaB/eHUU
AsuxeHa (B 101° pa3) u HeM3meHHbIe B nonepeyHbIX
HanpaBaeHuax (Hanpumep ana ConHua 10 cm m
OKO/J10 MUNIINOHA KM; ANA 3eMn COOTBETCTBEHHO
1mMmm 1 17 TbicaY Km).



3. MpoToH c aHeprueit 101° 3B B
[anakTKe n Bo BceneHHoM

* MpoToH c s3Heprueir 101° 3B nepeceyeT Hawly
FanaKTUKyY pazmepom okono 10° cBeToBbIX NeT
Bcero 3a 5 MUHYT cBoe u3sum (A =10"1°x 10°
cseToBbIX 1eT = 10~ roga = 300 c). 3a oauH roa
cBOEU }XU3HU TaKOU NPOTOH npeoaoneeT NnyTb B
10 6MNANOHOB CBETOBbIX JIET: 3TO O3HAYAET, YTO
OH MOXeT 3a HECKO/IbKO /1eT CBOEeU KU3HU
npnbansnTbcA K rpaHmnue BceneHHOU U U3yUUTL
cuTyauuio B paHHen BceneHHOM BCKOpe nocne
bur baHra.



4. Moryt N1 MbICNeHHble
NoJsieTbl CTaTb peasibHbIMU ?

fl He Aymalo, YTO ONUCAHHbIA BapuaHT ¢ npotoHom 10%°
3B moxeT ObiTb peann3oBaH Aaxe B 6auKauwwue
MWUAIMOHbI J1eT, HO BapMaHTbl C KOCMUYECKUMMU
Kopabnamun, Kotopble COOTBETCTBYIOT 3HEpruam
npotoHoB KJ1 ¢ sHepruamu 2, 10 n 100 6unauoHos 3B
(cxkatne B HanpaBneHun aBuxKeHua B 2, 10 n 100 pas)
BNOJIHE peasbHbl B 6aAuMXawue TbicAauunetua. B
AOKNage Mbl paccCMaTpuBaemM TaKXe BO3MOXHOCTU
YVCKOPEHUA U paAMaLUOHHYIO OMNaCHOCTb ANA
PENATUBUCTCKUX KOCMUYECKUX Kopabnen co
CKOPOCTAMM, COOTBETCTBYIOLMUX Pa3/IMYHbIM 3HEPruam
npoTtoHoB K/1.



*60OJ1IbLLUOE CNACUBO
3A BHUMARHMUE
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