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Content

/Akladné charakteristiky kozmickeho ziarenia a gama

zZiarenia

Propagdcia Castic od zdroja k Zemi

Detekéné techniky

Citizen Science projekty
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Victor Franz Hess 1ct0f Wikiedia
(* 24.6. 1883 - 1 17.12. 1964) |

Rakusky fyzik
1911 — nemohol by sa zdroj skér nachdadzaf na

oblohe?
Vyuzil pri tom svoje hobby

Vzduchoplavba

- Vrozdedzi rokov 1911 - 1913 realizoval sériu
10 vystupov fteplovzdusnym baldnom

-/ A
- 1912-7-7.8.1912
o =

- Predpokladal, ze gama [UCe vyhradne z
pody by mali byf Uplne absorbované vo
vyske 500 m
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- protony (Z =1)

- a Castice — jadrd hélia (Z = 2)

- lahkéjadra L-Li,Be, B (3 <7
)

- stredne fazké jadra M - C, N,
O, Fl6<Z<9)

- fazké jadrd H-Ne azK (10 <
7 <19)

- velmi fazké jadrd VH - Ca az
vyssie (20 < Z)

- Priblizne 90% tvoria protony, 9%
jadrda hélia, zbytok priblizne 1%
ostatné tazsie jadrd

(L.
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10°°

Flux larbitrary units)

Energetické spekirum

balloon / spacecraft
~———— measurements ——

-«—— air shower measurements

(Zavrtanik, 2010)

Bezovec 2020

- —
o =]
~N -

]I ll II l] I] T]’ TI I] l] ]I I[ II (I 1] 1[ I] I] ‘l 1]

Flux (m? sr GeV sec)”
3

—
o
IS

107

1.-2.10.2020

«+ O O & &

LEAP - satellite

Proton - satellite

Yakustk - ground array
Havorah Park - ground array
Akeno - ground array

AGASA - ground array

Fly's Eye - alr flucrescence
HiRes1 mano - air fluorescence
HiRes2 mono « air fluorescence

MiRes Stereo - air fluorescence

10° 10" 10" 10" 10" 10™ 10" 10™ 10" 10'"® 10" 10*
Energy (eV)

Auger - hybrid

: Knee
{1 panidelmz-year)

Zdroj.
hitps.//www.phy
sics.utah.edu/~
whanlon/spectr
um.html
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1eV=16.1001CV=16.10"1° J
100 eV =16 J

K porovnaniu — tfenisova lopficka m = 56 g s kinetickou energiou E= 16 J

1 =239 m.s"!
— 2 2E — e 7 UL
Br = o MUSEEE = 86,04 km. h™1

m
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Odkial sa takéto Castice beru pri najvyssich energiach?

7 GRB ? /
“|NeutrQn Stars

o
o

B=1
B.=1/300
white dwarfts

Active Galactic Nuclei ?

jets from radio
Interplanetary \ galaxies

Space
2 \ SNR \ Galactic

| Clusters
oo i =SS

Tkm 106km1A Tpc 1kpc TMpc

(Zavrtanik, 2010) Size
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Central
Galactic core (~0) Rodio region

E=10 000 PeV

B =rdd 1 uG K,
= ;O(uf/)c\;gujeane protény) W//ﬁ%ﬁmmiﬁ"ﬂmﬂ{?y' ' /////¢

r, = 108 000 pc

Viac ako rozmery
Galaxie - castica sa v
nej neUdril,!!! 30000 por s&c

(D. Ter Haar, 1965)
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Potreba modelovania interakcie ¢astic s mikrovinnym pozadim

T =27K Zdroj: Wikipedia
0~ 4
E=10"3 eV
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Procesy, s ktorymi treba pocitat

10

- Tvorba pdrov

2X+y— X +et +e

- Fotodezintegrdcia

- Foto-pidnovad produkcia

p—l—fy'—>p—|—7r0, 11—|—*y—>n—|—7r0

p—l—fy—>11—|—7r+, n+vy—p+m

- Straty energie z dévodu rozpinania vesmiru

(Aloisio et al., 2016)
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PR BT AWV SRRV e

pair prod
CcmMB

photodlsimogration?

& FWETIF ST - ;‘M

107 10"  10® 10® 107 Gl 10 : 19
EeV log,, I log E eV

loss processes on various photon b kgrounds (CMB, infrared, optical iltra-violet) are indicated. Center:

Energy loss lengthcGSx‘I‘ nmmmm zat tions of pair production
and photodisintegration on various backgrounds are indicAte nght nergy loss length for different nuclei as a

functlon.of energy.h Hz‘kéﬁ@tlﬁkb)l iﬁbed 6pa1 eg tMﬁé is indicated by a horizontal

dashed line. (Fron

Figure 2 - Left: EXNMOSINAMF @ rlerhlra@lenx @ taketoon ey

(Kuempel, 2014)
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Zdroj: NASA

THE ELECTIROMAGNETIC SPECTRUM

7

107 10/ 1! 1w 1wt 1wt 1wt 1wt 10

1

Wavelength 10°
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Common
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RALID WAVES

CAMMA RAYS

Sources 3 g . ,
M Radie  Miciowane R * E n.ul. Wt ive

Ceen Light Bl X-Ray

Hemerns
Peogle Machenes
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Energy of
one photon
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- Enegie od 100 keV az do raddovo 100 TeV
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Electromagnetic Shower

primary Y
>

>

lI

(Otero Santos, 2018)
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Detekcné techniky

- Priame - UCinné pre nizsie energie, detektory na
satelitoch (Fermi)

- Nepriome - detekcia sekunddrnych castic v sprskach
- Imaging Atmospheric Cherenkov
Telescopes (IACT) - MAGIC, Veritas,
H.E.S.S., CTA

- Extensive Air Showers (EAS) - HAWC, PAO

(Degrange et al., 2015)

= | Sk et .
“ e Zdrojs https://www.hawc-
- R .. Observatory.org/
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Energy range | 20 MeV—-200GeV 100 GeV-50TeV | 400 GeV—-100TeV
Energy res. 5-10 % 15-20 % ~ 50%
Duty cyele 80 % 15 % > 90%

FoV 4w /5 5 deg x 5 deg A7 /6
PSF (deg) 0.1 0.07 0.5
Sensitivity 1% Crab (1GeV) | 1% Crab (0.5TeV) | 0.5 Crab (5TeV)

Table 1. A comparison of the characteristics of Fermi, the IACTs and of the Extensive Air Showers (EAS) particle detector
arrays. Sensitivity computed over one vear for Fermi and the EAS. and over 50h for the [ACTs.
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Pierre Auger

Observatory

Najvacsie svetové observatorium
pre studium tzv. UHECRs
Medzindrodnd spolupraca 18
krajin

Situované v Argentine

Stddium sprsok kozmického
ziarenia

UrCovanie energii, zlozenia a smer
prichodu vysokoenergetickych
castic

Dokoncenie v roku 2008
1.-2.10.2020 Mgr. Patrik Cechvala



- Sirka 35,0°-35,3° S

- Dizka 69,0° - 69,4° W

- Strednd nadmorskd vyska
1400 m

- Medzi 1340 m—-1610m

-

Location of Pierre Auger Observatory in
Bezovec 2020 Argentina.

Zdroj: Wikipedia
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Argentina

Australia

Brasil

Colombia*

Czech Republic Kﬁ
France . J

Germany
Italy

Mexico
Netherlands
Poland
Portugal
Romania
Slovenia
Spain

USA

_ . \ Pierre Auger
*associated

Observatory

B Full members
Associate members

Zdroj. https://www.auger.org/index.php/about-
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Diplomova praca

Sources, mass composition and energy
specirum of ulira-high energy cosmic rays

Author: Mgr. Patrik Cechvalo
Supervisor: Ing. Jakub Vicha, PhD.°
Consultant: RNDr. Petr Travnicek, PhD. °

° Institute of Physics, Czech Academy of
Sciences
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MAGIC Telescopes

Major Atmospheric Gamma Imaging
Cherenkov Telescopes

24

Zdroj:
hitp://www.magic.iac.
Kandrske ostrovy es/

- 17 mreflektory
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MAGIC telescopes

Major Atmospheric Gamma Imaging

Cherenkov Telescopes

Citlivost — 50 GeV - 30 TeV

Rogue de Los Muchachos Observatory, La
Palma

17 m priemer

Kamera — 1039 fotondsobicov (PMTs)

FoV - 3.5°

Bezovec 2020
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Foto: Daniel Lopez, IAC
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Project - Study of the gamma source 2FHL J1839.5-0705 using

archival data taken by MAGIC telescopes
Supervisor — Alicia Lopez Oramas (IAC)

- |dea projektu — spracovanie archivnych dat

Unidentified Fermi Source (UFO) in an active
galactic region

Diploma thesis
Author: Jorge Otero Santos

Supervisor: Alicia Lopez Oramas
Ramon Garcia Lopez
2018
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Analyza a prvotné vysledky

LE 27

TS value map

- Study of the source in 3 energy intervals Preliminary

- Low energy - LE, E > 100 GeV
- Fullrange - FR, E > 250 GeV
- High energy - HE, E > 1 TeV

SNR G24.7+0.6
2FHL J1839.5-0705
JOS LE hotspot
HESS J1837-069
O Wobble 0
Wobble 180
PSF Wobble 90
Wobble 270

- Generation of the skymap — Caspar routine

- TS value — corresponds to Li & Ma (1983)

significance given by formula

_ ) . 1NTO.H_. 1 + T iNrnf f
r = V2{ Noplog | (74 1) (o) | 4 Nogtog [ (1) (ot —
g f { on Ob [(T —|— ) (J\'I on + j\'ll Of f ) ] —|— ) ff Ub [ ( T ) (AN'I on + iN'I‘ Off
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Cherenkov Telescope Array

cherenkov telescope array

- Small - Sized Telescope (SST) — 70 teleskopov so 4 m piemerom zrkadla
- Medium - Sized Telescope (MST) — 40 teleskopov s 12 m priemerom
zrkadla

- Large - Sized Telescope (LST) — 8 teleskopov s 23 m priemerom zrkadla
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norther
southe

Zdroj: https://www.cta-observatory.org/
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Ako sa mozu zapojit do vyskumu

laici?
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Figure 3: Left: Example of an image of an electromagnetic shower, with a compact and elliptical
shape. Center: Example of an image formed by a hadronic shower, broader than the ~-
ray cascade. Ruight: Characteristic ring shape image of a muon detection. Credit: MAGIC
Collaboration.

(Otero Santos, 2018)
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