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Kosmické zareni

a
Astrocasticova fyzika




Objev kosmického zareni

- Zkoumani radioaktivity
(1896 H. Becquerel)

> T. Wulf: méreni v dolech,
na Eiffelove vezi (1909)

- Nadbytek I pro "pronikave” y zéfeni




Victor Hess (1912)

~ Rakousky fyzik
- Balonoveé lety
» z Usti nad Labem

> Radiace roste
s vyskou (4.8 km)

> Prichazi z kosmu

ionizace [ion / cm3/ s]

> Nobelova cena
VvV roce 1936
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Dukaz mimozemského
=71 puvodu ¢€astic . m

> Robert Millikan (1925)

> Detektory ponorené v jezere

> Ekvivalent nékolika atmosfeér

> "cosmic radiaton”
kosmické zareni (KZ)




Castice s elektrickym nabojem

> Carl Stormer (1930):
trajektorie nabitych castic
v geomagnetickém pol

> A. Compton (1933):
zavislost intenzity na zemepisné

N NS

Sifce (vzrust smérem k polum)

» Asymetrie v zem. délce: vice KZ priléta
ze zapadu (Castice jsou kladneé nabite)

> Nemifi ke svym zdrojum !



Pierre Auger (1939)

> Koincidenéni detekce
ve velké vzdalenosti

> detektor S = 1 dm?
> vzdalenost L = 200 m

>t L2/ S ~ 10 mil. ¢astic

Atmosférické sprsky zpusobuji ¢astice
s ohromnymi energiemi (milidony GeV)



Atmosféricke sprsky

~ Vysoceenergeticke
primarni castice

AWl - Srazky s molekulami

SN vzduchu

Mont Blanc
(4807 m)

> 10 Ccastic / 1 srazka

> Po 7 Interakcnich
délkach vznikne 10’
sekundarnich castic

g 1

This cosmic ray imagesis:amodified versioh ofar’ in;T pictu pm;iuced by CERN °,



Sekundarni castice

> 1. Interakce
(ve vysce 10 az 30 km)

/B 1) elektromagneticka
4@y komponenta (Cervena)
/MR elektrony, pozitrony, Y

2) hadrony (modré)
protony, neutrony, pionyi,...

3) pronikavé miony (zelena) a neutrina
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Meéreni kosmického zareni

1) prima (primarni castice)

, limitovano
> stratosféra (30 - 50 km) velikosti
> v kosmickém prostoru detektoru

2) neprima (atmosférické sprsky)

".m“...m.m,-.
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> Cerenkovovo zareni (V>cgy)

M. A. Yepenxos 1904-1990
S8 0000 a0

- sekundarni castice na povrchu (i pod

- fluorescence (deexitace N.)



Druzice a baléony

> primé meéreni
(energie, hmotnosti,
naboje)

> smer priletu

> 1zotopy

> anticastice (anti He?)

> druzice do 500 GeV

- stratosférické balony
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F (m?sr s GeV)'

Spektrum kosmického zareni

V4

.. LHC (7 TeV)

> modulace slunecni
cinnosti (E < 10 GeV)

. i

- strmy pokles toku

(N / dE) ~ E

> konst. spektralni
iIndex (o ~ 3)

T,ﬂ.y .. > konec spektra ?
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E (eV)

pfima  atmosfericke
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Cerenkovské teleskopy

> Elektromagnetické
sprsky vyvolané
gama casticemi

> Pouze 1z 1000 je vy

> 3. generace
(HESS, Magic,
Whipple,...)




HIGH ENERGY STEREOSCOPIC SYSTEM TELESCOPES IN NAMIBIA *
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Astronomie v TeV ~ FESEEE

> Neutralni vy ukazuji smérem ke zdroji

TeV skymap (2007)
* SNRs
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> 51 galaktickych zdroju




Pohyb nabitych Castic

> nabité castice (protony, atom. jadra)

- mezihvézdna a mezigalakticka
magneticka pole

- zakrivené trajektorie

> casticova astronomie > 50 EeV




John Linsley (1963)

EVIDENCE FOR A PRIMARY COSMIC-RAY PARTICLE WITH ENERGY 10 evT

John Linsley
Laboratory for Nuclear Science, Massachuseits Institute of Technology, Cambridge, Massachugetts
(Received 10 January 1963)

Analyvsis of a cosmic-ray air shower recorded
at the MIT Volcano Ranch station in February
1962 indicates that the total number of particles
in the shower (Serial No. 2-4834) was 5= 10%,
The total energy of the primary particle which
produced the shower was 1.0x10* V. The show-
er was about twice the size of the largest we had
reported previously (No. 1-15832, recorded in
March 1961).°

The existence of cosmic-ray particles having
such a great energy is of importance to astrophys-
ics because such particles (believed to be atomic
nuclei) have very great magnetic rigidity. It is
believed that the region in which such a particle
originates must be large enough and possess a
strong enough magnetie field so that RH = (1,/300)
*({E/Z), where R is the radius of the region (cm)
and H is the intensity of the magnetic field (gauss).
E is the total energy of the particle (eV) and Z is
its charge. Recent evidence favors the choice
Z =1 (proton primaries) for the region of highest
cosmic-ray energies.® For the present event one
obtains the condition RH = 2= 10", This condition
is not satisfied by our galaxy (for which RH =5
%10 halo included) or known objects within it,
such as supernovae.

The technique we use has been described else-
where.! An array of scintillation detectors is
used to find the direction (from pulse times) and
slze (from pulse amplitudes) of shower events
which satisfy a triggering requirement. In the
present case, the direction of the shower was
nearly vertical {zenith angle 10:5%). The values
of shower density registered at the various points
of the array are shown in Fig. 1. It can be ver-
ified by close inspection of the figure that the
core of the shower must have struck near the
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point marked “A,” assuming only (1) that shower
particles are distributed symmetrically about an
axis (the “core”), and (2) that the density of par-
ticles decreases monotonically with increasing
The observed densities

distance from the axis.
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FIG. 1. Plan of the Voleano Ranch array in February

1962. The circles represent 3.3-m? scintillation de-
tectors, The numbers near the circles are the shower
densities (particles/m?% registered in this event, No.
2-4834, Point “A" is the estimated location of the
shower core. The circular eontours about that point
aid in verifying the core location by inspection,




Nepiimé dukazy zdroju

- brzdné a synchrotronové zareni
~ Interakce s okolni hmotou

- zdroje radiového a gama zareni

Expandujici slupky
po vybusich supernov
(10% energie do KZ)

Ne nad 1 EeV !




Urychlovani

> magneticka rekonekce v plazme
(uvolneni kinetické energie prepojenim
magnetickych silocCar)
v magnetosféra Zeme
» Slunce

v magnetary
v laboratore

> urychlovani v elektrickych polich

> Fermiho urychlovani (1. a . typu)



Fermiho mechanismus
urychlovani

Rt o N "
[ e s
e 3
b | - s
[ i’i . x|
[ b
) e
I
" & ...
5 g
I‘J
bl + '
I r,

3 ¥

'.)- o

ey
}/‘l Ky
E
Fermi |

- E. Fermi (1949): urychlovani
nabitych castic v pohybujicich se
mezihvezdnych zmagnetizovanych
oblacich (rychlost ~ desitky km/s)

> malo Ucinny mechanismus

- urychlovani v razovych vinach
(tisice km/s, napf. supernovy)




Fermiho urychlovani l. typu

- Mnohonasobny prechod pres
razovou vinu

Shock

> Lorentzova transformace
» Zisk energie pfi kazdém pruchodu

> Mocninné spektrum ~ E@, a > 2
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log(Magnetic field, gauss)
|

Zdroje nejvyssich energii

E__~ ZBL (Fermi) > EmaX - L X B

> Relativhé malo
kandidatu

» Stovky EeV jsou
hranici mozného

- Energetické
ztraty (ve zdrojl
a béhem Sireni)




GZK mez

- Reliktni zareni (1965)
> Greisen, Zatsepin & Kuzmin (1966)

- Ztraty energie |
prl interakcich
S reliktnimi

fotony (2.7 K)

> Projevuje se
prOE>4O EeV S 200
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Vzdalenost zdroju

> do 100 I\/Ipc Pro nejvyssi energie

5000 GZK cutoff -

—
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Mean Energy (EeV)

10 100 1000

1 Propagation distance (Mpc)




Experimenty

Experiment Operation Latitude Longitude Altitude Depth  Area Detection Events

[m] [gem™] [km?| = 40 EeV
Volcano Ranch  1959-63  35°09° N 106747 W 1770 843 & SC 8
SUGAR 1968-79 30°32" 8 149°43' E 250 1015 G0 qC 30
Haverah Park 1968-87  53°58' N 138 W 200 1016 12 WC 26
Yalkutsk 1974- 61°36° N 120°24" E 105 1020 18,10 E‘.E!f.-'ﬁ(il ]
Fly's Eye 1981-93 40" N 113° W 869 F =1
HiRes 1997-06 40.3°N  1125°W 869 F (27)
AGASA 1990-04  35°47' N 138°30° E 900 920 100 SC 72

Auger S 2004- 3572005 6U°20° E 1400 870 3000 F/WC
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Smery priletu

Equatorial coordinates N

(Dalibor Nosek)

E > 40 EeV
Blue ... AGASA (58), Black ... SUGAR (80), Red ... Volcano Ranch (8),
Green ... Haverah Park (26), Magenta ... Yakutsk (9)
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Spektrum
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Chemické slozeni

800 ++ : T Neii
jistoty

interakcnich
ol I modelu

Depth of maximum (g/cm?)

600 —

17 18 19 20
log1o E (eV)
HiRes Collaboration, Astrophys.J. 622 (2005) 910-926, astro-ph /0407622




Hypotézy o puvodu extrémeé
energetickych Castic

- Nadbytek Castic nad GZK mezi:

a) urychlovani v astronomickych
objektech (magnetary, AGN, GRB)

b) rozpady superhmotnych cCastic
(relikty z Velkeho tresku, topologickée
defekty, temna hmota, SUSY, ...)

C) naruseni teorie relativity



Situace pred AUGERem

AGASA HiIRes

Type of detectors scintillators fluorescence
Super GZK events yes yes
GZK cutoff observed no yes
Large scale isotropy yes yes
Small scale isotropy no yes

Change of composition 3 EeV 1 EeV
Observation of photons no no




Motivace pro novou
observator

> existence GZK meze

> anizotropie

- sighal z centra Galaxie

- korelace s extragalaktickymi objekty
- slozeni kosmického zareni

> podil fotonu




Observator Pierra Augera

B Auger Collaboration

B associated members




Jizni observator
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Hybridni detektor

tleskqp

cni

fluorescen




Vvhody hybridniho
detektoru

Typ Hybridni pouze SD pouze FD

detektoru mono
(stereo detekce

vidi malo spréek)

Uhlove ~0.2° ~1-2° ~3.5°
rozliseni
modelové nezavisla predpoklady (E, A,
Apertura (uréena z geometrie)  SPektrélniindex).
a modelové zavisla
. nezavisi na zavisi na nezavisi na
Energle chem. slozeni chem. slozeni chem. slozeni

ani modelech a modelech ani modelech

SD povrchovy, FD fluorescencni



Povrchovy detektor

> sit’ povrchovych detektoru

> vodni Cerenkovovy ="

B detector with the largest signal

., shower front

> meri bez preruseni

- cas priletu a velikost
signalu na zemi

+
-
*
*
5 4

e
e

> rekonstrukce
energie zavisi na interakcnich
modelech (velké nepresnosti)



Povrchovy detektor

> p I O C h a. 1 O m 2 Communications antenr:H_H ‘

GPS antenna

Electronics box i

Tyvek \
bag =7 .

- vySka 1.2 m N\ NS
> Cerenkovovo — N T
zareni ve vode

Batteries Polyethylene tank

FIG. 2: A schematic view of the Cherenkov water tanks, with the
components indicated in the figure.

> vzdalenost 1.5 km

Va4

- hexagonalni mri




Fluorescencni detektor

~ fluorescence N, (300 - 400 nm)
337 nm

> "kalibracni" méreni

intensity [arbitrary units|
w

- vidi rozvoj sprsky

(véetné maxima) M

400 420
avelength [nm]

- obtizné stanoveni expozice
> nutno sledovat aktualni stav atmosféry

> pouze jasné a bezmesicné nocl
(asi 14% pozorovaciho casu SD)



Fluorescencni teleskopy

> sféricka zrcadla
(polomer 3.4 m)

> FOV 30° x 30°

Figures.upper;iewuramsmunn. | > apertura 1.7 m
> Johnsonuv U filtr e

> slozena zrcadla

> 440 fotonasobicu
v kamere




Sledovani atmosfery
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Profiles of atmospheric depth of the Malargﬂe Fig. 8. Result of a typical continuous lidar scan. Shown is the intensity of backscat-

tered light as a function of height and horizontal distance to the lidar station at

MOIIThly Models in difference to the US-StdA. (0,0). A cloud layer around 3.5km height is clearly visible in this scan.

> FD kalibruje SD !
> Chyba az 10% pro rekonstrukci sprsek

> Pravidelna mereni teploty, vihkosti,
tlaku a aerosolu



Teleskop FRAM

> Zavislost extinkéniho
koeficientu na vinovée
délce

» Cassegrain (20 cm)

> ohnisko 297 cm

> fotometr Optec SSP5-A
- Johnsonovy filtry + dalsi
> 2 CCD kamery

- opticky protejsek
GRB060117 (124 s
po druzici SWIFT )
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Galaktické centrum

Map of CR overdensity significances near the GC region on top-hat windows of 5 radius.
The GC location s indicated with a cross, lying along the galactic plane (solid ling).

Also the regions where the AGASA experiment found their largest excess as well as

the region of the SUGAR excess are indicated.

Prozatim zadny nadbytek Castic



Spektrum
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Fotonovy limit
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Chemické
emické slozeni
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Anizotropie

> Anizotropie sméru pfiletu
kosmického zareni s energii
nad 57 EeV

- Prokazana "a priori" testem
na hladine spolehlivosti 99%

- Nadbytek v okoli poloh blizkych AGN
(do 75 Mpc) z katalogu Veron-Cetty

DOUCICLILC

» 20 z 27 Castic dopadlo blize nez 3.1°
. NP
(t]. do 21% casti oblohy)



Pohled na oblohu
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Jak spravne
interpretovat vysledek

Core of Galaxy NGC 426l

> Neni to dukaz, ze
zdroji jsou AGN !l

- | kdyz jejich akcie
vyrazne stouply

- Podobné rozlozeni ve vesmiru maji
také jiné astronomicke objekty

> Nutno namérit vice dat na AUGERuU






