


Kozmik 1sinlarin kaynagi:

Cosmic rays are charced energetic, I.e. very high speed, particles
originating from deep space objects such as supernova explosions, active
galactic nuclei.

[cerikleri;

90% protons,

9% helium nuclei (a particles),
1% electrons

Ve ¢ok az miktarda da diger atomlarin
cekirdekleri, C, O, Fe, Ni, LI, Be, gibi.

Adlandirmadaki “is1m” kelimesi yanlis kullanilmistir. Aslinda bunlar ¢ok
yiiksek hizlara ivmelendirilmis yUKIU parcaciklardir. .

Dolayisiyla, Giines’in, Yer’in hatta Samanyolu’nun manyetik alan
cizgileri, bunlarin orijinal yollarindan sapmalarina neden olur.



The cosmic rays can be divided into two sub-groups: Primary and
secondary CRs.

Secondary CRs are the product of primary CRs’ interaction with
Interstellar matter .

Observations of CRs: When CRs enter Earth atmosphere, they strongly
Interact with the nuclei of atmospheric molecules, mainly O and N.

This interaction, called as atmospheric particle shower or air shower,
results in pions, kaons and muons.

End product of muons is radiation which can be recorded by
stereographic dedectors located on Earth surface.

Top of the atmosphere - |
P | Proton collides with an
~ | atmosphere molecule,



Cosmic rays were discovered in 1912 by Victor Hess, when he observed
an electroscope’s charge launched in a balloon.

This discovery brought him the Nobel Prize in 1936.

Spectral profile of CRs : =
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Cosmic Ray Energy Spectrum
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Cosmic Ray Energy Spectrum

GZK (Greisen—Zatsepin—Kuzmin) cutoff: Cosmic rays with energies
over the threshold energy of 6x10%° eV would interact with cosmic
microwave background photons to produce pions.
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Cosmic rays with energies above 10'# eV are studied with large "air
shower" arrays of detectors distributed over many square kilometers.

The number of particles in air showers:
100 events per m? per year for energies >10%° eV

1 event per km? per century for energies beyond 10%° eV!




Few selected CR dedectors/observatories : Super-K Neutrino dedector

Neutrinos as the result of cosmic ray interactions can be detected by
large area detectors placed in underground mines or under water.
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Few selected CR dedectors/observatories : Pierre Auger Observatory

primary
particle

(http://www.auger.org)

Pierre Auger Observatory:
10 eV <E < 10%21** gV

600 water Cherenkov detectors
.5 km spacing on 3000 km?
FD stations with 24 telescopes

*Electronic

1 collision > ~ 1011 7, '
Schmidt telescope

secondary particles!
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Few selected CR dedectors/observatories : AMANDA |1
Constructed into the Antarctic ice! (http://amanda.uci.edu)

An international collaboration involving institutions from the US,
Germany, Sweden, Belgium, and Venezuela.
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Measuring cosmic-ray and gamma-ray air showers

{ <+——— First interaction (usually several 10 ki high)

Air shower evolves (particles are created

= and most of them later stop or decay)

Measurement of

fluorescence light
Some of the particles (Fly’s Eye)

Mheasurement of Cherenkov ~<—— reach the ground
light with telescopes %
hleasurement with scintillation counters _)J
| | —— | —— J
? / = Mleasurement of low-energy muons
with scintillation or tracking detectors
kleasurement of particles
with tracking detectors
{with drift chambers or Measurement of high-energy
streamer or Geiger tubes) N deep underground
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Hava Dusu Cherenkov Teleskop Diziler1

Particle

Detection of
high-energy
gamma rays

using Cherenkov
telescopes




Elde edilen goriintiilerden parcacigin tiirii tahmin edilebilir.




Few selected CR dedectors/observatories : SLAC, Stanford Linear
Accelerator Center

When a proton ( ) hits the air in the Earth's upper
atmosphere, it produces many particles.

Most of these decay or are absorbed in the atmosphere.

One of these particles, muons (red), has long lifetime
(2.2 x 107 s) to reach the Earth's surface.

A muon dedector =2
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ANTARES (telescope)

Akdenizin 2.5 km altina, deniz dibine yerlestirilmistir. 350 m uzunlugundaki12
ayr1 hattin her birinin iizerinde, 75 adet optik tiip bulunur.



1.2 TeV’luk bir miion’nun Antares’ten gecisi.




OPERA (Oscillation Project with Emulsion-tRacking Apparatus)
Deneyi

Miion noétrinolarinin salinimi sonucunda olusan tau notrinolarini
gozlemek 1¢in gelistirilmis bir dedektordiir. Italya Gran Sasso da
yerin altina kurulmustur.

Dedektorde, kursun plakalarla birbirlerinden ayrilis olan niikleer
emulsiyonlar ile tau notrinolar1 yakalanmaya ¢alisilmaktadir.

31 mayis 2010 da OPERA arastirmacilari, bir miion notrinosu
demetinin icerisinde ilk defa bir TAU NOTRINOSU gozlediler!

Eylil 2011 de 1siktan (20/1 milyon kadar) hizli hareket eden
miion notrinolar1 gozledirler! Ancak daha sonra bunun bir 6lgim
hatasindan kaynaklandigi aciklanda.




OPERA deney diizenegi

CERN de uretilen mion notrinosu demeti, 730 km
uzakliktaki OPERA deneyine yonlendirilir.

http://operaweb.Ings.infn.it/?lang=en



Why are CRs so important ?

LHC (CERN, the world's largest particle physics laboratory) :
protons at an energy of 7 TeV/particle!

Tevatron (at the Fermi National Accelerator Laboratory in lllinois) :
1 TeV!

Whereas, CRs can extend up to 10%° eV!

The more energy you reach, the more numbers of subatomic
UNKNOWN particles you can discover!



Few references :
http://laspace.lsu.edu/ISCRA/ISCRA2004/
http://www.auger.org/
http://www.slac.stanford.edu/
http://amanda.uci.edu/

http://www-akeno.icrr.u-tokyo.ac.jJp/AGASA/
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