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Povzetek

. Deloi

. Odkritje

+ LasTnosti

- Izvor, nastanek, pospesevanje
- Moderni detektor i

. Zakljudek



Delci

Nabiti delci (ionizirana atomska jedra,
elektroni, pozitroni, anti—protoni, ..)

Me = 1,67%10°%7 kg

Hitrosti blizu ¢ @z

E=10"° — 10%° eV ®

ST

W g

Emax = 3%10%° eV = 50 J

- 150 km/h =» mv%/2 = 50 7



Kratka zgqodovina

. Odkritje: Victor Hess, 1912 (NN 193¢)

Chamber 1

wWulf—ov
elektrometer

lon pairs/(cm?3s)
lon pairs/(cm?s)

Chamber 2




Pomembni mejniki

e+: Carl Anderson (1932, NN 1934)
u=: Anderson & Neddermeyer (1936 - 1937)
Sekundarni KZ: Pierre Auger (1937)

Fermi: mehanizem pospesevanja na udarnih
valovih (1944)

Odkritje KZ 2 Ewnax = 3%102° eV (1991)
1995: Projekt Pierre Auger (SLO, UNI NG)



Klasitikacija KZ

Soncevi

— maksimum pri soncevih izbruhih, pri izmetu sonéeve mase
— fipiéne energije: E < 1 GeV

GalakTicni

— daleé od sondevega sistema, v nasi galaksiji

— zelo energetski

— potendni spekter, najveé med 100 MeV in 10 GeV, koleno: 10 eV

— vedino protoni (H jedra), okrog 10x He jedra (a), 1x Teijih jeder

Ekstragalaktiéni

— izvor izven nade Galaksije, vendar zelo majhen fluks
— UHECR (ultra visoko—energetski), do E = 10%2° eV



Spekter KZ
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Cosmic Ray Spectra of Various Experiments
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(Greisen ter Zatsepin & Kuzmin, 19s6)




Pospesevanje KZ

. Fermi—jevo pospedevanje 1 in 11 reda

— 1. pospedevanje na udarnih valovih (npr. v ostankih supernov)

dE/E = (4/3) V/c ~

V downstream
KL © e R
e f,-"' ) *—

V=-u; +u,




Crab Nebula
ROSAT HRI
0.1-2.0keV




Izvori KZ

Piervre Auger, 2001, KZ 2z E > 5,1%10" eV (érne elipse) na) bi prihajali iz
AGN (rdedi krizci so AGN do 15 Mpc, bel krizec je najblizji Cenfaurus A)




Pospesevanje KZ

«Za Sonce: |

— Soncevi izbruhi s

koronalnimi izmeti mase (CME)
— GLE: povisan fluks KZ Sonca

Spaceship Earth Observations of the Solar Minimum GLE

Recorded December 13, 2006 by Neutron Monitors
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Soncev izbruh (1012) SOHO CME (14947)
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Koronalni izmet mase (2012)

Magnetna sklopifev



Nalivi KZ (showers)

et — Pogitrrm

o . V afmosteri nastane

i — Muoew

G | ool aoda sekundarnih KZ

o, p — Disintegrativn prodect
nocleoms

Development of cosmic-ray air showers

’ 2 Primary particle
(e.g. ron nucleus)

first interaction

Energy feeds across from Small energy feadback
miclear fo eleciromagnetic from mweson to ppcleomic

inleractiong Compe =——— pion decays

PP pvo’fona Je mnogo manjsa pion-nucleus
interacti
od gostote atmosfere HEAERL s

second interaction

[C3 1999 K Bernlshe



Nalivi KZ (showers)

. Mehka komponenta (e-,e*, gama)

2 Tyda kOMPOV\eV\‘\'a h~35km ——— @P p=q0ev
(mioni, nevirini)

. Jedrska komponenta
(p,n)

Interaction Atmospher.

article | electromagn. strong weak | mass (MeV) lifetime | absorb.length

(g/em=)

Proton

N(e) = 18%
N(y) = 18%

N(p,n,m1)=03%  N(n)=1,7%

Electron X stable
Photon X stable




Detekcija KZ

. Pod Zemljo, na Zemlji, v zraku in v vesolju
roba sondevega sistema)

Measuring cosmic-ray and gamma-ray air showers

=1+——— First interaction (usually several 10 km high)

A : Air shower evolves (particles are created
’ = and most of them later stop or decay)
7 }‘I ’ K

hleasurement of

fluorescence light

Some of the particles
Ly’sE
Measurement of Cherenkov W ol (e wrwm (Fly’s Eye)

light with telescopes %

\

Mleasurement with scintillation counters

'

T\‘ / =x_ Measurement of low-energy muons
with scintillation or tracking detectors
hleasurement of particles
with tracking detectors
(with drift chambers or Measurement of high-energy
streamer or Gelger tubes) N nETeE deep underground

(T 199 K. Becnlshr



Na zemlji in pod zemljo
. Nevtronski monitorji: merjenje jedrske komponente

10 Ty Cosmic Ray Neutron Monitors, 1997
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Na zemlji in pod zemljo

. Cerenkovo sevanje: MAGIC, VERITAS, Pierre Auger

. Atmosterska fluorescenca: Fly's Eye, Pierre Auger

. Nevirini: IceCube

gt

Pierre Auger: Argenfina, 100 vodnih Tankov
preko 3000 km?, 4 fluorescentski feleskopi




od zemljo

1T

1) Pierre Auger
2) HiRes - Fly's Eye
3) MAGIC (17 m)
4) JceCube

IceTop
__—" 80 Stations, each with
2 lceTop Cherenkov detector tanks
2 optical sensors per tank
320 optical sensors

2010: 79 strings in operation
2011: Project completion, 86 strings

IceCube Arﬁy
/BS strings including 6 DeepCore strings
60 optical sensors on each string

5160 optical sensors

i AMANDA
I /

DeepCore
6 strings-spacing optimized for lower energies
360 optical sensors

! |Eiftel Tower
45 | 324 m
L

4)



V zraku in v vesolju

. Balonski eksperimenti

h = 40—170km

. Sateliti in instrumenti
na vesoljskih misijah:
- AMS—-o02
— Fermi
— Voyager 1 & 2
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DIRECTION OF FUGHT

ANTARCTICA




Zadn)i rezultati: Fermi (2013)

- Ostanki SN: gama #arki iz energetskinh protonov
Supernova W44 & IC 443 Neutral Pion Decay Spectral Fit

Image data from ESA Herschel and XMM-Newten
Image data Chandra X-ray, DSS Optical and VLA radio
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https://www.youtube,com/watch?v-C3aueicEocvl



https://www.youtube.com/watch?v=C3ue7cEocvI

ZanimivosTi:

- KZ imajo vpliv na elekfronske naprave, sploh v
vesolju in visoko v atmosferi

. KZ (relativistiéni elektroni) povzrodajo strele, saj
je prav energelski e~ polreben za zacetek procesa

.- Raziskave antimaterije in Temne snovi:
— iskanje neviralinov =z
detekcijo et 2 AMS—02

Aquilar et al, 2013

Positron fraction

« Senca Lune:

= 2 North

A FERMI
o PAMELA
AMS-01

" 0B - HEAT
o Q CAPCRt
’ TS593
Mionski detekfor

| Soudan 2

positron, electron energy [GeV]
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