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Sadrza;

e Sto su gama-zrake
e Kako detektiramo gama-zrake iz svemira

e Sto proutavamo gama-zrakama

Image credit: NASA/DOE/Fermi LAT Collaboration



Gama-zracCenje u astronomiji

Markarian 421
Spektralna distribucija energije

— T ] 1 [ T ] || I T ] 1 ] T I 1 I T I T [ T ‘ 1 [ T [ ] I T ] || I 1 I || I T I L=
0 — SMA : =
“-‘E —  m  VLBA core(BP143) : -
o — VLBA(BP143) : _
D 010 VLBA(BK150) :’ : #f =
.2. E B Metsahovi ' + E
— ® : ¥ (o =
> : L ol ®
('R L~ A Noto ' ‘-0 -
> — m VLBA_core(MOJAVE) {ﬁ o ’f ~
107 4 VLBA(MOJAVE) _
— A OVRO f =
= RATAN =
— A Medicina ® Swift/'UvoT ® MAGIC -
102 }= Vv Effelsberg ROVOR ® Fermi -
= NewMexicoSkies ® Swift/BAT =
- @ NITSuME ® RXTE/PCA .
B | GRT Swift/XRT

107 = y —=
= B GASP =
= L =
= (3 ®  WIRO 3
B y$ B OAGH - N
= vi : =

10-14 II Jl ll ll ll lJ ll ll ll 11 ll ll L[ ll ll lJ ll ll ll 1

10" 10" 10™ 10% 10'® 10% 107 10% 10%® 10%

S v [Hz]

Abdo et al. (2011), ApJ, 736, 131

' gama-zracenje (100 keV < 2,4 x 10" Hz)

Elektromagnetsko zraCenje energija iznad 100 keV
Bez obzira na izvor i proces u kojem nastaje



Prozirnost atmosfere

Atmospheric
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Atmosferski pljuskovi
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Electron Positron

LN
,. ../..I.L....l TINY

25.1 km asl

A

v

5 km

100 GeV y-ray

= em (£> 0.1 MeV)
= h(E>0.1 GeV)

— 1 (E > 0.1 GeV)
[\
)}
E
=
sea level || v

em (£ > 0.1 MeV)
| == h (E>0.1 GeV)
| — (> 0.1 GeV)

Dario Hrupec




)" 4

Cerenkovljevo zracCenje

Svjetlost koja se emitira kada nabijena Cestica

prolazi kroz dielektricno sredstvo
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https://docs.google.com/file/d/1bLwLorXbPUqN40EjnLZRn5zmkM-0ivF-/preview
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https://magic.mpp.mpg.de/
https://veritas.sao.arizona.edu/
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https://www.cta-observatory.org/
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https://www.cta-observatory.org/
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https://magic.mpp.mpg.de/
https://veritas.sao.arizona.edu/
http://english.ihep.cas.cn/lhaaso/
https://www.hawc-observatory.org/
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Cherenkov Telescope Array (CTA)

CTA for Educators

(www.cta-observatory.org)

This page provides educational materials
and tools to explore the highest-energy
Universe in the classroom or at home. Al
tools are adapted for different educational
levels, specified in each case as:
elementary, high school, university or “all
ages.” We'll continue to expand, so check
back regularly!



https://www.cta-observatory.org/outreach-education/cta-for-educators/
http://www.cta-observatory.org

{AWC — High-Altitude Water Cherenkov

Vodeni i hibridni detektori
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https://www.hawc-observatory.org/
http://english.ihep.cas.cn/lhaaso/
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Aktivne galakticke jezgre
Active galactic nuclei (AGN

Multiwavelength (MWL) astronomija

—_
o
o

—
e
S

10—11

10—12

10—13

10—14

Biermann et al. (2002)

Narrow emission
Line Region. ®
L ] o ©
L]
.
. .
e~ scattering ® J
Region e

.
® o.:_g -

Broad emission -3
Line Region

L L B L

T T T

"

/ Core Dominated
Lobe Dominated

| Radio Loud
/ Radio Loud
/ Quasar Quasar //
4 »~ 1 Broad Line
' Radio Galaxy
Quasar 1 |
L] Seyfert 1 | reddened Quasar 1
| Seyfert15
i 3
° e
-
L]
.
e [ 4
(%
%, .
. Narrow Line
' Radio Galaxy
@b Quasar 2
- Seyfert 2

— SMA
— ®m VLBA_core(BP143)
— VLBA(BP143)
- VLBA(BK150) J'
E B Metsahovi
— ]
- A Noto A ;
— ®m VLBA_core(MOJAVE) ;"1:’“ -
= VLBA(MOJAVE)
— A OVRO
— RATAN
— A Medicina ® Swift/UvoT ® MAGIC
- Effelsberg ROVOR ® Fermi
= NewMexicoSkies . Swift/BAT
~ | BITSuME ® RXTE/PCA
L! GRT Swift/XRT
% A*- B GASP
— i WIRO
— -
B N LAGH Abdo et al. (2011), ApJ, 736, 131
[ I IS SR TN I TN SR SRS SN SR B N T B B B B
1010 1012 1014 1016 1018 1020 1022 1024 1026




2704 BATSE Gamma-Ray Bursts

Provale gama-zracCenja
Gamma-ray bursts (GRB)
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Ostaci supernova
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Katalog TeV izvora
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. Name RA & Dec Type Tags Distance Catalog
GRB 1807208 00 02 06.87 -025505.2 XGal.GRB JGRB 7=0.654 Default Catalog
l. CTAl 000626 +7259010 Gal. SNRPWN 14kpc Default Catalog
® SHBL J001355.9-185406 0013520 -185329 XGal AGN BlzrBLLa... z=0.095 Default Catalog
”. ;ﬂ O Tycho 0025216 +6407 48 Gal,SNR Shell 35kpe Default Catalog
o0 ®e) ) ‘. » ’, KUV 00311-1938 003336 192100 XGal AGN,Blzr,BLLa. Default Catalog
I- 1ES 0033+595 0035168 45947 24.0 XGal AGN,BlzrBLLa... z=0.467 Default Catalog
NGC 253 00473254 2517254 XGalBrst 2500.0 kpc Default Catalog
GRB 201216C 01052888 +16 30 58.0 XGal.GRB IGRB z11 Newly Announced
® S20109+22 0112058 4224439 XGal. AGN,BlzrBLLa Default Catalog
RGB J0136+391 0136325 +3906 00 XGal AGN,Blzr BLLa. Newly Announced
RGB J0152+017 0152335 +0146 40.3 XGal AGN,BlzrBLLa... z=0.08 Default Catalog
3cs8 020531 +64 5100 Gal,SNR PWN 20kpe Default Catalog
TXS 0210+515 0214179 +514452 XGal AGN BlzrBLLa... z=0.049 Default Catalog
Source Name: PSR B1706-44 S30218+35 0221055 +3556 14 XGal AGN,BIzrFSRQ  z=0.954 Default Catalog
Source Type:  Gal | PSR 3C 66A 0222416 +4302355 XGal AGNBlzrBLLa... 2=0.34 Default Catalog
Distance: 2.3 kpe MAGIC J0223+403 022312 +43 00 42 UNID Defautt Catalog
GLON: 33.1117
1ES 0229+200 0232532 4201621 XGal AGN,BlzrBLLa... z=0.1396 Default Catalog
GLAT: 28.1868
1RXS J023832.6-311658 0238325 311658 XGal AGN,BlzrBLLa... z=0.232 Newly Announced
LS 1+61303 024034 +611525 GalBIN 20kpe Default Catalog
GRB 190829A 02581051 -0857 28.1 XGal.GRB IGRB 20,0785 Default Catalog
PKS 0301-243 03032349 -24 07 35.86 XGal AGN,BlzrBLLa... z=0.2657 Default Catalog
IC 310 0316430 +411929 XGal AGN 2=0.0189 Default Catalog
RBS 0413 031947 +184542 XGal AGNBlzrBLLa... z=0.19 Defautt Catalog
Sources Listed: 251

2014-2022 © Scott Wakely and Deirdre Horan
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http://tevcat2.uchicago.edu/

Multimessenger astronomija

TXS 0506+056 (blazar)

Prvo opazanje pojaCanog toka gama-zraCenja
u koincidenciji s emisijom neutrina
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GW170817 & GRB 170817A

Spajanje neutronskih zvijezda
Prvo opazanje gravitacijskih valova
u koincidenciji s provalom gama-zracCenja
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https://ui.adsabs.harvard.edu/abs/2018Sci...361.1378I/abstract
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Ahnen et al. (2016), JCAP, 02, 039

Tamna materija
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Kvantna gravitacija

http://universe-review.ca/R01-07-quantumfoam.htm




Gama-astronomija — zakljucak

e Elektromagnetsko zraCenje najvisih energija

e /Znacajan udio snhage zracCenja iz astronomskih objekata

e Nosi vaznu informaciju o procesima u raznim vrstama astronomskih
objekata

e Alternativni pristup
fundamentalnim
istrazivanjima

Astrocesticna
fizika

youtu.be/DCMaN2Ec-jo



http://www.youtube.com/watch?v=DCMaN2Ec-jo
https://youtu.be/DCMaN2Ec-jo

