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Cosmic radiation

 Since 1912.....
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The basic problems
of cosmic radiation study:

 Sources;

 Transport and acceleration processes
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Energy spectrum of cosmic rays
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ﬂﬂq:.n COSMIC RAY FLUXES

~2,7 - ~3,1
Practically the
same slope over

the wide energy range

The knee
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Energy spectrum of cosmic rays
in the PeV energy range was
discovered by G.Christiansen(MSU)
in 1958
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Mystery of the knee
MSU, 1958

- Energy boundary between space (or balloons
technics and onground measurement;

- Energy upper limit of existing colliders;

108 107
Energy per nucleus (eV)

Energy boundary between different
acceleration
processes of CR in the Universe ?



Where is a Pevatron?
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Acceleration limit for cosmic ray

In supernova remnants
«The knee» (3:101%eV)

The first-order Fermi acceleration and
diffusive propogation implies: ]
maximum energy for typical supernova 1 ALL PARTICLE SPECTRUM
|
:

parameters is about
Emax=BLZ=3*1014eVZ.

Aditional sources or acceleration
mechanisms are needed to reach
>10 16 eV?

o

Test for models of
acceleration by
supernova shocks.

101 103 101 107 101

Energy (eV/nucleus)




Cosmic rays below «the knee»

Just only «direct»measurements outside
the atmosphere can provide information on energy
spectra and composition of particles

PROTON GYRORADIUS (B~3uG)
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Cosmic rays below «the knee»

Just only «direct»measurements outside
the atmosphere can provide information on energy
spectra and composition of particles

N.L. Grigorov

~ «Proton»

experiment:

Active Calorimeter
SINP/MSU

eEE 1968




The recent direct experiments:

From all particle energy spectra to
mass composition & energy spectra
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Evidence -for SN
acceleration
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ATIC (2000 - 2004)

Silicon Matrix

Hodoscopes

Electronics
Bays

ANTARCTICA

DIRECTION OF FLIGHT

Carbon

BGO Calorimeter

Lousiana State Univ.,
Maryland State Univ.,
MSFC,
Moscow State Univ.,
etc
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LDBF over the Antarctica region

2004

TRACER

— scintillator
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Above the knee

Extensive Air Showers
Technics
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Mean logarithmic mass <In A>

Mean logarithmic mass <In A>
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The knee

Ig(X(E)-E2%) [cu"-c"“vcp“‘-aB""]

]

«The «knee» holds the key to
understanding origin of
galactic
cosmic rays»

-emphasized as early as 1959 by B. Peters




"The knee”
summary

Difficulties in using «direct» techniques in the TeV-PeV
energy range primarly associated with the enormous
dimensions of the reguired satellite instruments, and,

on the other hand,

insufficient knowledge of particle interaction
processes at such high energies, makes it currently
impossible to establish the origin of cosmic rays in this
very important energy range.



The future of direct measurements

Future instrument’s needs:
-larger geometric factor
-more precize mass and energy spectra

5 B
-more weight,
-more cost



ISS as a potential career for a future
cosmic ray experiments

Calorimeter
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to launch in 2008

IS planing
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«The ankle»
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The ankle

Where is a Zevatron?



Energy flux

GZK- effect
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GZK-effect

For protons:
p+vy(2,7K)> N+

Cross-section of interaction is
0=10-28 cm?2

Interaction free path L=1/ o pph
=70 Mpc

Emax=5.101° aB; dmax>50
MnK,

For nuclei :
A+y(2,7K)—>(A-1) + n [N AR IS0
Emax=102° 3B 1 dmax>100 sources at
Mnk d._..>100Mnk

One should not







«The ankle» in details

Experimental data



AGASA, 2001
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Possible sources: Zevatrons -
the objects with the relativistic shocks
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The alternative sources of UHECR are the
massive particles (M~1024 eV) — relics of the
Big Bang

Dark Matter: The UHECR protons (or gamma quanta)
are products of their decay.

Extragalaxy




Low statistics — big speculations
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Future Outlook

Auger: 7 x AGASA by 30" ICRC

How to enlarge geometric factor?
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Secondary electrons
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Can the Earth be a source of cosmic rays???




Sprites, elves and other devils (TLE)
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[TEPBBII

UV- flash 10 | yHHBEPCH'Ir{EATyc%l{}i
- flashes ~10’s msec ' .
s OBPASOBATE/BHBII
oY \ | CIIYTHHE

)

USRS

“Universitetskii — Tatiana”
Febrauary, 2005



UV- flashes ~10’s msec
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The first indication on the near-earth origin
of cosmic rays

-existance of additional current

-high energy particles accelerated in electric fields
of thunderstorm’s clouds

It was in 1900 !
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Solar Minimum Explodes
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SEP modelling

From Nymmik's SINP/MSU SEP model:

Probability
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like Oct.,28, 2003 level
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Solar energetic particles




Transmission function during quiet/stormy
magnetosphere

Effective rigidity of penetrating particles decreases
during maghetic storm periods

400
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data,
SINP. IMBP



October- November Radiation Storm
ISS dosimetry
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lonization current

Tonization of the air
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Altitude,m



Academician
. Sergey Vernov
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J.Van Allen
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Pa LMOHHbIE nosica 3eMnu



BHyTpeHHUN nosic
(anekTpoHbI)

BHeLWHUN nosc
(anekTpoHbI)



UcTouHuk PI1 — KocMuyeckue nyum

MarHuTHble cunoBblie JIMHUN

MecTto 3axBara

MecTto
B3anMogencTBus
MpPOoTOHLI™ (2)

KOCMUYECKNX Nnyyeun



UcTouyHuk PI1 — noHocgepHana nnasma
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PaanaumMoOHHbIe Nosca 3eMnun
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http://www.spaceflight.nasa.gov/gallery/images/mars/lunarbases/html/s86_27256.html

Earth's Radiation Environment

_R1 < R2 < R3
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http://www.hq.nasa.gov/office/pao/History/ap11ann/kippsphotos/6642.jpg
http://www.hq.nasa.gov/office/pao/History/ap11ann/kippsphotos/5528.jpg
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51,2° inclination

Daily "MIR" Orbits: h=400km, inclination = 51 deg
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SINP MSU: Experiments in Space

Molniya 3K

Measurements of:

*hot plasma,

medium and high energy
electrons, protons & doses.
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Space activity
since 1957
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Earth's radiation environment
Galactic cosmic rays
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