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Pierre Auger Observatory m

studying the universe’s highest energy particles

Fluorescent®i detektory kosmickéeho zareni
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* Nejvetsi experimenty soucasné casticoveé fyziky

» Stopy Ceskych fyzikl v téchto experimentech



Vyzkum vysokoenergetickych castic
CERN, Pierre Auger Observatory, CTA, FAST
Laserové technologie

Mechanické a tribologické zkousky tenkych vrstev a povrchu




o I= 6,5km d=6,5¢cm objev
vzdalenost tenisovy micek

E| micku od drahy V znazorriuje jadro
elektronu atomu



118 znamych prvkd, z nichZ 94 se prirozené vyskytuje na Zemi
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74% Dark Energy



Horcik
2,4% Nikl
1,9% Sira
0,05% Titan






o

0 Neutron Y Gama zafeni

O Proton

Jaderne stépeni =M




vznik Vesmiru
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neutron

model, nema volné kandidaty na ¢astice temné
hmoty, plné nevysvétluje gravitaci
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Co se v CERNu studuje?

» Jaké jsou sily v pfirodé?
» Kolik mame rodin ¢astic?
* Pro€ tady jsme?

* Pro€ je Vesmir z hmoty a ne z antihmoty?
* Co je to temna hmota a temna energie?
» Jsou dalsi sily €i ¢astice v pfirodé?

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years







motove spektrometry

Kosmické sondy - primarni kosmické zareni — prvotni
informace, lze i nizsi energie, nelze velmi vysoké E < 102 MeV
(mala plocha detektorti)

Balonové experimenty — primarni a sekundarni zareni (zavisi podle vysky letu

Pozemni detektory — sekundarni sprsky — mozno pokryt velmi velké
plochy (km?) = detekce ¢astic s velmi vysokou energii nelze studovat
nizsi energie (nerozvine se dostatecna sprska)




Primarni kosmické
zareni

&2H+n® - *H
Eosmogenni radionuklidy

Atmosféera

sprika sekundarniho
. kosmickeého zafeni

pt et y
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urychlovanim mizeme ziskat i ¢astice s velmi vysokou energii

Enrico Fermi
V tomto pripadé apriori izotropni
a homogenni rozlozeni

Mozna koncentrace do roviny galaxie
(vyskyt ionizovanych oblaku

Galaxie v Andromedé
(snimek J. Ware)

edna z mlhovin v souhvézdi Carina (snimek Hubblova dalekohledu)




koule, asymetricky kolapsarovy model), vytrysky hmoty —

vysokoenergetickych castic Pohlceni neutronové hvézdy

cernou dirou

Srazky neutronovych hvézd ve dvojhvézdach
Zhrouceni neutronové hvézdy do cerné diry

Nestabilni jevy pfi akreci materialu na kompaktni objekty

Aktivni jadra galaxii -
vytrysky

Vybuch supernovy
Srazky galaxii

Moznost ohrozeni Zeme
Velké mnozstvi mionu

Vznik radioaktivnich prvkl — velmi vysoka radioaktivita
atmosféry

Energetické procesy exotickych castic ??

Kolapsarovy model vzniku
zablesku gama



dopadajici na Zemi ze viech
smeéru

Energie az stomilionkrat vyss

v pozemskych urychlovacich

Vyzkum kosmického zareni na
nasem uzemi ma stoletou tradici
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Teleskop pro pozorovani
Cerenkovova zafeni
(Telescope Arrey)

Sprska zasahne detektory Ize

Detekce fluorescencniho svétla (HiRes) urcit smér a profil
(Haverah Park experiment WWW)




Zareni gama zachovava smeér a
doprovazi také vysokoenergetické

procesy
Spojeni detekce kosmického zareni a

Druzice HEAO 3 hlidani jadernych vybuchti - druzice

1.5 = 108 km
to Earth 1.5210%m
to 2un

ADVANCED CoMPOSITION EXPLORER -

Umisténi druzice ACE do libracniho bodu L1 Druzice ACE studuje slozeni castic kosmického zareni jak
slunecniho tak i galaktického ptivodu




PIERRE
AUGER

OBSERVATORY

!

: .
PBoe P8 o NARA pred A

‘ L PR SRR "‘-

-7,

Ay -3 = .
.;/‘?5”“ . - PR s g ey AV B
ANy~ v 34T A iQs .

e

r{a“vw@v.“ Q, 3‘..-.. .". “?' N

~

."\,v X
S NI e L

At 7 -

» P
Sl ¥ "‘,IU. B ﬂ hﬁ

, B

» . : 3 - |u’ v 3
\ﬂp " e 2 : 4
T R

- e
e Y A

,-"-"\l r\

Mendoza Argentma ;’ ' g

"'«s- N

“&!"\’:"" i \"F,t""" lax » «’*( : )--e . i,’.

ﬁiﬂ"’ < w‘l «:-arr & 'S 5;-.-&:‘3'%::;:




PIERRE
AUGER

OBSERVATORY

. Odkud prichazeji?

. Co jsou to za Castice?

- Kolik jich vlastné pfiléta a jakou maji energii?
. Jak se urychluji?

. Jak se Sifi vesmirem?

... jak to, Ze vubec existu;ji?

. malé zakfiveni v kosmickych mag.
polich — sméry pfiletu ukazuji ke zdroji

. pfi cesté z hlubin vesmiru Castice
ztraceji energii ve srazkach s reliktnim
zarenim (tzv. mez GZK)

. hezname mechanizmus, ktery by
produkoval takto vysokeé energie v
blizkych zdrojich (do 70 Mpc)

V Uvahu prichazeji exotické scénare,
jako rozpady dosud neznamych Castic
nebo pozulstatkd velkého tfesku, apod.







OBSERVATORY

fluorescence excitovanych molekul

+

- na zem dopadajici sekundarni ¢astice
,,atmosférické sprsky*

sprska ve svém sprska dopadajici na
maximu obsahuje zem pokryva plochu
miliardy c¢astic desitek ¢tverecnich

kilometru

Primary Cosmic Rays
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OBSERVATORY

—— Secondary particle
—— Cerenkov radiation







® 1500 m array
® 750 m array
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Figure 3: Map showing the fluxes of particles in Galactic coordinates. Sky map in Galactic co-
ordinates showing the cosmic-ray flux for E > 8 EeV smoothed with a 45° top-hat function. The
Galactic center is at the origin. The cross indicates the measured dipole direction; the contours
denote the 68% and 95% confidence-level regions. The dipole in the 2MRS galaxy distribution is
indicated. Arrows show the deflections expected for a particular model of the Galactic magnetic
field [8] on particles with E/Z = 5EeV or 2EeV.
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Cervené hvézditky — aktivni galakticka jadra do vzdalenosti 75 Mpc (megaparsek)
— to odpovida nasemu oCekavani o limitu GZK



Ceska stopa




OBSERVATORY

= 960 zrcadlovych segmentu
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Monitorovani
pod atmosféry

OBSERVATORY

e SO L5

Primeér 1000 mm;

f'=1100 mm
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Nova observator pro zkoumani
kosmického zareni

CTA (Cherenkov Telescope Array )




Urychleni v gigantickych razovych vinac BO rozpac
strun nebo castic temné hmoty nebo velmi tézkych
neznamych castic.

CILE: porozumét mechanismdm urychlovani kosmickych
castic a jejich vlivu na vesmir; hledani temné hmoty;
kosmologie; teoreticka fyzika

https://youtu.be/ioDGTpwGLWE



(.
ction Principle of IACTs

ARRAY

Better background rejection
Better angular resolution
Better energy resolution

1. A gamma-ray interacts about ~20km
in the atmosphere generating an
electromagnetic shower

2. The Cherenkov pulse lasts few

nanoseconds and generates a light
pool of ~ 120 m

3. Light is collected by a

reflector and focused on a
camera







cta

cherenkov telescope array

YV V V

2 sites
3 telescope size classes |
~120 telescopes total

. SST(®4m)
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cta

cherenkov telescope array
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‘ cherenkov telescope array

pouziti

lenost,

vetsi p
SPISKY — SPISKY ZdCryceny v
soucasnych observatori




Cld

cherenkov telescope array

Mirror M2 Mast and Truss Structure MTS

Mirror M1
4 Dish M1

Bottom MTS dish
v
/

Elevation
Structure

Fork

_Counterweight

Azimuth
Structure

2% bt




Multi-messenger observations of GW170817 o

V002 [J10: ApJL 848 (2017) L12] TOP10

BREAKTHROUGH

August 17, 2017, 12:41:04 UTC: LIGO-Virgo GW detection

neutron star masses: 0.86 My and 2.26 Mg

luminosity distance, host galaxy: 40 &8 Mpc, NGC4993

‘‘‘‘‘‘‘‘‘‘‘
INTEGRAL

observed in -ray, X-ray, UV, optical, IR, Radio i
500 | Neutrinos from GW170817: Antares, lceCube, Auger
0 LIGO - Virgo V002 [J13: ApJL 850 (2017) L35]
L
5200 Search time windows: 4500 s, 14 days following GW170817
2100

Energy range of Auger: E, > 107 eV

Zenith angle of optical counterpart within £500 s: (90.4°;93.3°), Earth-skimming

Search results: no candidates in both time windows

LIGO, Virgo

y-ray ? o
Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind 75

1

— . IceCube up-going
TceCube down-go

— GW (90% CL)
+ NGC 4993
¥ neutrino candidate (IceCube)
¢ neutrino candidate (ANTARES)
| === === IceCube horizon
~ = ANTARES horizon
[ ] Auger FoV (Earth-skimming)

[ ] Auger FoV (down-going)

NN




A co Olomouc?




Spolecna laborator optiky je soucasti

kolaborace CTA
> Spoluprace na polském designu SST 1M — zrcadlovych segmentu

Mirror dish
4m diameter
18 Facets

® Davies-Cotton De5|g n Fully Digital Camera

1296 pixels
90 cm

e Lightweight ~ 8.6t

e | ow Cost

e Easy Installation

e Fully digital readout

¢ Innovative SiPM based camera

e Fasy maintenance

5.6 m focal length
f/D=1.4
Fov 9.1°




Spot diameter (D80):15.6502 mm




Reflectivity

Mirror DOJLO_13732, measurement 2F
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< cherenkov telescope array




Reflectivity

Mirror DOJLO_13732, measurement 2F

Wavelength [nm]

Reflectivity




! October 31 pointing
calibration
September drive
alignment model

SST-1M tracking Crab
October 31, 2017 for 80 minutes '

TeV sky image
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Pierre Auger Observatory m

studying the universe’s highest energy particles

cherenkov telescope array
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Email: miroslav.pech@upol.cz
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