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Cosmic radiation

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

• Sources;

• Transport and acceleration processes



Energy spectrum
of cosmic rays

during solar minimum

Galactic and extragalactic
cosmic rays (H)
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Energy spectrum of cosmic rays

Practically the
same slope over 

the wide energy range

~2,7 - ~3,1

3 PeV The knee



Energy spectrum of cosmic rays
in the PeV energy range was

discovered by G.ChristiansenG.Christiansen(MSU)(MSU)
inin 1958

3×10 15 эВ

«The knee»
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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;

Energy boundary between different 
acceleration 

processes of CR in the Universe ?



Where is a Pevatron?



1934

Supernova’s observation



Supernova SN 1987 ~ 1051эрг
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The first-order Fermi acceleration and
diffusive propogation implies:

maximum energy for typical supernova
parameters is about

Emax=BLZ=3*1014 eVZ.

Aditional sources or acceleration
mechanisms are needed to reach

>10 16 eV?

Acceleration limit for cosmic ray
in supernova remnants

Test for models of
acceleration by

supernova shocks.

Theory

«The knee» (3.1015eV)



«Proton»
experiment:

1968

Just only «direct»measurements outside
the atmosphere can provide information on energy

spectra and composition of particles

Cosmic rays below «the knee»

Active Calorimeter
SINP/MSU



«Proton»
experiment:

1968

Just only «direct»measurements outside
the atmosphere can provide information on energy

spectra and composition of particles

Cosmic rays below «the knee»

Active Calorimeter
SINP/MSU

N.L. Grigorov



The recent direct experiments:

From all particle energy spectra to 
mass composition & energy spectra
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ATIC ( 2000 - 2004)

Lousiana State Univ.,
Maryland State Univ.,

MSFC,
Moscow State Univ., 

etc



LDBF over the Antarctica region
2004

TRACER

TRD
Univ. of Chicago





Above the knee

Extensive  Air Showers 
Technics
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Mean logarithmic mass vs 
energy 

electrons, muons, hadrons
at ground level

!?

CORSIKA/QGSJET interpretation



«The «knee» holds the key to
understanding origin of

galactic
cosmic rays»

-emphasized as early as 1959 by B. Peters

The knee



“The knee”
summary

Difficulties in using «direct» techniques in the TeV-PeV
energy range primarly associated with the enormous
dimensions of the required 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

-more weight,
-more cost



AMS 2

ACCESS

ISS as a potential career for a future 
cosmic ray experiments



AMS 02

Calorimeter

TRD

Superconducting 
magnet

p- e+

Tracker



AMS 02 is planing to launch in 2008
p- e+

Primary goals:

-cosmic rays < 10 14eV
-dark matter,
-antimatter,
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«The ankle»

Supernova 1987

Ударная волна
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The ankleThe ankle

Where is a Zevatron?
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GZK-effect

For protons:
р + γ(2,7K )→ N + π
Cross-section of interaction is 
σ=10-28 cm2

Interaction free path L=1/ σ ρph 
=70 Mpc
Emax=5.1019 эВ; dmax>50 
Мпк,

For nuclei :
A + γ(2,7K)→(A-1) + n

Emax=1020 эВ и dmax>100 
Мпк

One should not 
expect any UHECR

sources at
dmax>100Мпк
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«The ankle» in details

Experimental data
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Possible sources: Zevatrons -
the objects with the relativistic shocks.

Релятивистский джет

Аккреционный диск
Черная дыра

AGN

Лацертиды?



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

The alternative sources of UHECR are the 
massive     particles (M~1024 eV) – relics of the 
Big Bang

Galaxy

Extragalaxy



Low statistics – big speculations
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Auger (Argentina) Auger (Argentina) –– 3000 km3000 km22



Auger spectrum 

29th ICRC Pune

Paul Sommers (this conference)

Needs cautions on energy scale, 
but the spectrum is consistent 
with the cutoff 

GZK strikes back!



Future Outlook

• Auger: 7 x AGASA by 30th ICRC

How to enlarge geometric factor?
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Cherenkov’s
radioemission

Interection point

Primary particle Satellite





Can the Earth be a source of cosmic rays???
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“Universitetskii – Tatiana”
Febrauary, 2005

Экватор

UV- flashes ~10’s msec



“Universitetskii – Tatiana”
Febrauary, 2005

Экватор

UV- flashes ~10’s msec



Wilson’s experiments with electroscope

-existance of additional  current;

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

The first indication on the near-earth origin 
of  cosmic rays

It was in 1900 !



Ударная волна

Межпланетное
магнитное поле

Магнитосфера
Земли

Солнечные
космические лучи



Energy spectrа
of cosmic rays

during solar minimum

Solar wind (H)

Solar 
energetic 
particles

Galactic and extragalactic
cosmic rays (H)
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Radiation storms,

Intensification of solar activity



Solar Minimum Explodes



The probability of event 
like Oct.,28, 2003 level 

is ~2%!

From Nymmik’s SINP/MSU SEP model:
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SEP modelling



Solar energetic particles



Transmission function during quiet/stormy
magnetosphere

Effective rigidity of penetrating particles decreases
during magnetic storm periods

Λb



October- November Radiation Storm
ISS dosimetry

ISS/SRC,R16
data, 

SINP, IMBP



October- November Radiation Storm
ISS dosimetry

ISS/SRC,R16
data, 

SINP, IMBP
R16

DB-8
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Academician
Sergey Vernov
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J.Van Allen





Радиационные пояса Земли



Внешний пояс
(электроны)

Внутренний пояс
(электроны)

~7Rз
Протоны Электроны
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Солнечный ветер

Ударная волна

Магнитопауза

Магнитный хвост

Источник РП – солнечная плазма



Радиационные пояса Земли

Солнечное
вещество

Солнечное
вещество

Земное
вещество



Energy spectra of 
cosmic rays & RB

Solar wind (H)

Solar 
energetic 
particles

Galactic and extragalactic
cosmic rays (H)
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Радиационное окружение
Земли

10 22 дж

~10 45 дж

10 25 дж



pacecraft

penetrating radiation

electronics box

Спутник
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СКЛ
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Радиационный эффект
вспышки типа августа

1972 ~4 Зв

~0,35 Зв

~4 Зв
~0,01 Зв

http://www.spaceflight.nasa.gov/gallery/images/mars/lunarbases/html/s86_27256.html


Galactic cosmic rays

Earth’s Radiation Environment
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Apollo –11 Нил Армстронг

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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Аномалии

Протоны СКЛ
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Южно- Атлантическая
аномалия
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Свободный радикал
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Поглощённая доза 0,5 Зв

Повреждённые клетки

Электроны Альфа – частицы,
тяжёлые ядра



Солнечные
нейтроны

Локальные
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Нейтроны
альбедо

Протоны ГКЛ



Спасибо за внимание





Магнитное поле Земли



28o inclination



51,2o inclination
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Южно-Атлантическая Аномалия



SINP MSU: Experiments in Space

Measurements of:

•hot plasma,
•medium and high energy
electrons, protons & doses.

Molniya 3K

Express
Coronas F

ISS

Meteor-3



Skobeltsyn Institute of 
Nuclear Physics of 

Lomonosov Moscow State 
University

Space activity 
since 1957
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There are no obvious astronomical objects
to accelerate UHECR



Galactic cosmic rays

Solar energetic particles

Secondary (albedo) radiaiton

Radiation belts

Earth’s radiation environment
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