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AUGER

OBSERVATORY

Kosmickeé zareni |

(KZ)

> Uvod
> Objev
> Méfeni a detektory

> Konec energetickeho spektra
> Observator Pierra Augera

> a néco chutného na zaver

‘ 01/52 |

Radomir Smida, smida@fzu.cz




Spektrum KZ |
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> Koleno 3 * 10> eV
> Kotnik 4 * 10%eV

1012 1014

1018 1020

Ultra High Energy
Cosmic Rays
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AUG

OBSERVWVF

Objev |

> 1912 Viktor Hess
> Lety balonem (5,5 km)
> lonizace v atmosfére

> 1936 Nobelova cena

> 1925 R. Millikan
(““‘cosmic radiation”)

Radomir Smida, smida@fzu.cz




> 1938 Pierre Auger

> Koincidence signalu v
detektorech

> Rozsahlé sprsky Castic
> Sekundarni Castice

> Primarni Castice maji
energii energy ~ 10"° eV
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Atmosftericke sprsky
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Primary cosmic rays

> Prvni srazka 20 - 30 km
> Kaskady castic:

shower

AYE R ES Electromagneticka

Mont Blanc
(4807 m)

Hadronova
> Vznikaji miliardy ¢astic

> Na povrch dopadne jen
mala Cast
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Pozemni detektor |

LR > Detekuje pouze Celo sprsky

> Vodni Cerenkovské nebo
scintilatory

> Casovy sled signalu ->
smer priletu

> Hustota Castic ->
energie primarni ¢astice

> Pomér e*/ Mi -
typ pr1mémi castice
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OBSERVATORY., !
|

e

AN

Fly s Ewe with
achivyled phololubes

Fluorescence |

> Relonizace N, podel podel

drahy sprsky
> Vidi prubeh sprsky

> Casovy struktura signalu ->
smer priletu

> Intenzita a vzdalenost ->
energie primarni €.

> Profil sprsky ->
typ primarni Castice

Cerankoy Lanks
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™. Detektory KZ

AUGER

OBSERVATORY

Volcano Ranch

(1959-1963), 19 SC (8
km?)
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™. Detektory KZ
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PIERRE
AUCER Volcano
Ranch Havera Yakuts
(1959-1963) h Park k
SC (8 km?) 2 ¢ | (1968-1987) | - (1974 - ...)
| SC (18
km?)
AC (10
| km?)
Fly's AGASA
Eye (1984-2004)
(1981-1993) | HiRes SC (100 km?)
FD (1997-2006) ..
FD

Sugar
Auger - (1968-1979)
south SC (60
(2004 - ...) km’)

| hybrid (3000 x :
10/52 | km2) Radomir Smida, smida@fzu.cz
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. Fly's Eye & HiRes |

A B it ol

AUGER v 7
OBSERVATORY > Fluorescencnl deteCtOry

»E=3.2*10%eV (Listopad 1991)
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Agasa

>

4:
KL -

_». > Pole scintilatorti (100 km?)
" A > E=2.0* 10V (Prosinec 1993)
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m; 1+1 _/ g ¢
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] > HiRes:
konec spektra
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Reliktni zareni »

> 1964: reliktni zareni (2.7 K)

> 1966: Greisen, Zatsepin & Kuzmin & =
ztrata energie KZ diky interakci s reliktnim

zarenim
PtY,n— At > p+TU

n+ 1r
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> Pokles stfedni energie
se vzdalenosti od zdroje

(fluktuace energie)

PIERRE

st
% 1021 [ . r r
< | > Energeticke ztraty
o |
Q
5 > Nahodny proces
o
E 1020 |

5 s

19 e ] R Cl
10700 101 10° 103 104
Propagation Distance (Mpe)
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10-1 |

Probability

—

9
Ca
I

10~4

GZK mez |

1072

3x10% eV

1x10%° eV

= I I I I —
! 4310 €V
6x10'° eV
8x10° ev

100

Distance (Mpc)

20

> Pravdépodobnost
priletu Castice ze
vzdalenost1 vEtsi
nez na ose X

> Predpokladan¢
spektrum zdroje E*°

> P=10% pro

| 80 EeV, 100 Mpc
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Hillastuv graf |

PIERRE —
AUGER Magnetic F!?Id Strength

OBSERVATORY -

*
b

12

> LOkélni Zdroje 106G Neutron Stars
> 1zotropn€ E
4 )4 4 110G
rozmistene e,

SppsS

> Postupne urychlovani
(velikost objektu a
sila magnet. pole)

0%
L

6

1Ei G Interplanetary space ;:ac i T
> Top_down mOdely \L Galactic Halo = E\ e
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Rozmisténi hmoty

Matter distribution 7—21 Mpc. Exclusion zones; north array (black),south array (green)

AUGER

OBSERVATORY

(Galactic Latitude
o

Galactic Longitude
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_ Obloha v y
. Aktivni

SEI PPN c]  EGRET All-Sky Map Above 100 MeV
jadra

Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

2704 BATSE Ga Ray Bursts | &

yama zablesky

- T x
107 0 ’IL‘J :

Fluonce, 50-300keV (orgs cm®) ir Smida, smida@fzu.cz




- F1eid ‘Kaaio image of the
Galactic Center
Sgr D HII A=90cm

CEERFNAAQ5H > GalaktICké Centerum Sgr D SNR "\ . ik R R

SNR 0.9+0.1

> (alakticka rovina T

. Threads
7 -« New Feature:
The Cane
> Egret, Chandra ) ; "'*“Background Galaxy

% > Threads
“u

-

'

Integral, HESS, .... . e N e

Coherent
structure?

SNR 0.9+0.1 ; 1E 1743.1-2843 X-ray Thread :
' ' i : g 1E 1740.7-2942

BN

SNR 359.1-00.5

Tornado (SNR?)
L]
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Magnetické pole |
|

> (alakticke ~ uG
> Extragalaktické ~nG 100 EeV

> Ohyb mén¢ nez 3°
pro 100 EeV proton
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Pred Augerem... |

> Nesouhlas energetickeho spektra
(FD a SD detektory)

> Absolutni kalibrace, vytéznost fluorescence
> GZK mez?

> Velmi maly pocet Castic (pouze 11 eventu
nad 10% eV)

> Anizotropie (Galakticke centrum, BL Lacs)

> Seskupovani KZ
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Auger
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TMOSPHERE
A

Hybridni detector |

> Hybridni: FD + SD

> SD neomezeny pozor. €as

| > FD 10% ¢asu SD (pouze
jasne a bezmésicne noci)

> Geometricka rekonstrukce

> SD kalibrace
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enclosure Solar panels
Battery box e —

s ors i
OBSERVATORY GPS antenna
Communications
antenna

3 photomultiplier /- Plastic tank
tubes looking into the = with 12 tons of
water collect light very pure water
left by the particles
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Schéma FD

AUGER
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Kalibrace SD
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Fluorescence |

> Molekuly atmostérickeho dusiku

> 300 - 400 nm

> Experiment Airfly a jine
> Absolutni vytéznost

> Z.avislost na teploté, tlaku, vlhkosti
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Kalibrace FD |

AUGER

OBSERVATORY

> Absolutni (minimalné dvakrat za rok)
> Relativni (b€hem méreni)

> Kontrola Casove zavislosti

> Citlivost fotonasobicu

> Odraznost zrcadel, ...
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> Lokalni model atmosfeéry

> Lasery (Lidars, Central Laser Facility)
> Nizkée vrstvy atmostery (HAM, APF)

> Cloud cameras, meteorological balloons

> FRAM

> Chyba v rekonstrukci energie ( < 5 %)

Atmosféra |

> Sledovani aktualniho stavu atmosféry

‘ 32/52 |
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Systematicke ¢
e y t t k hyby
E%%%Igl% Source AFEsp/Esp(%)
SR Absolute Fluorescence Yield 14
Pressure dependence of Fluorescence Spectrum 1
Humidity dependence of Fluorescence Spectrum 5
Temperature dependence of Fluorescence Spectrum 5
FD absolute calibration 11
Time dependence of FD calibration 10
FD wavelength dependence response 3
Rayleigh atmosphere 1
Wavelength dependence of aerosol scattering 1
Aerosol phase function 1
FD reconstruction method 10
Invisible energy 4
TOTAL SYST. 24
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| SDP Id 850019 Run 469 Event 197 Eye Id: 4 |
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Stereo hybnd
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Vysledk |

AUGER

OBSERVATORY

> Predbézne vysledky!
> International Cosmic Ray Conference,

Mexico 2007
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AUGER

OBSERVATORY
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Anizotropie |

AUGER

OBSERVATORY

> Velkoskalova anizotropie

> Seskupovani eventl

> Spojitost s pozicemi pozorovanych
astronomickych objektu

> 74adny signal nebyl dosud pozorovan

> Potfebujeme vice namerenych dat
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Galaktické centrum |

< p<
e | <E<10EeV
AUGER search window size Figha f Thamy

extended 10° (TH) 1463/1365 = 1.07 4 0.04(stat) £ 0.01(syst)

20°{1'H) 5559/5407 = 1.03 + 0.02(stat) + 0.01(syst)
point-like  0.8° (G) 16.9/17.0 =0.95 £ 0.17(stat) £ 0.01(syst)

Coverage Significance (1.59)
B o 70

l > 8.5 kpc

~w > GC pozorovatelné

{ D.

=

> 7Z4adny pozitivni
signal (nepotvrzeny
vysledky z experim.
Agasa a Sugar)

-1

=

-2,

b=

-3.0

Significance (3.

ignificance (13.3%)
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PIERRE.
[ -3
ég =10
| -
Vg
7,
~ 10%

GLUE'04 (e, T) FORTE'04 (e, u, 1)

S ANITA-lite (e,p, t)
- AMANDA (e, i, 1)
- RICE'05 (e, p, 1)
- Baikal (e, u, 1)
- Auger (1)
AMANDA ()
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> Uspésny provoz od roku 2004
> Nyni: 4 FD, 1200 SD

> Projekty detektoru KZ nizSich energii

> Severni Cast observatore (?)
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Vystavba FRAMu
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Doprava
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Fauna - krasna
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Fauna - chutna
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