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Image credit: NASA/DOE/Fermi LAT Collaboration

Sadržaj

● Što su gama-zrake

● Kako detektiramo gama-zrake iz svemira

● Što proučavamo gama-zrakama
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Gama-zračenje u astronomiji

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

Markarian 421
Spektralna distribucija energije
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Prozirnost atmosfere
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Atmosferski pljuskovi

Dario Hrupec
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Čerenkovljevo zračenje

Svjetlost koja se emitira kada nabijena čestica 
prolazi kroz dielektrično sredstvo 
brzinom većom od brzine svjetlosti u tom sredstvu
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https://docs.google.com/file/d/1bLwLorXbPUqN40EjnLZRn5zmkM-0ivF-/preview
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Detekcija
gama-zraka
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Detektori gama-zraka
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Detektori gama-zraka
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https://fermi.gsfc.nasa.gov/


Detektori gama-zraka
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https://fermi.gsfc.nasa.gov/
https://www.mpi-hd.mpg.de/hfm/HESS/
https://magic.mpp.mpg.de/
https://veritas.sao.arizona.edu/


Detektori gama-zraka
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https://fermi.gsfc.nasa.gov/
https://www.cta-observatory.org/
https://www.mpi-hd.mpg.de/hfm/HESS/
https://magic.mpp.mpg.de/
https://veritas.sao.arizona.edu/


Detektori gama-zraka
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https://fermi.gsfc.nasa.gov/
https://www.cta-observatory.org/
https://www.mpi-hd.mpg.de/hfm/HESS/
https://magic.mpp.mpg.de/
https://veritas.sao.arizona.edu/
http://english.ihep.cas.cn/lhaaso/
https://www.hawc-observatory.org/


Large Area Telescope (LAT)

Gamma-ray Burst Monitor (GBM)

Satelit Fermi
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Cherenkov Telescope Array (CTA)

Karsten Berger

LST-1
MAGIC II MAGIC I

Gabriel Pérez Diaz

MAGIC II
MAGIC I

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


HAWC – High-Altitude Water Cherenkov

https://www.hawc-observatory.org/

Vodeni i hibridni detektori

http://english.ihep.cas.cn/lhaaso/

LHAASO – Large High Altitude Air Shower Observatory

17

1,4 PeV = 1,4 × 1015 ev 
Cao et al. (2021) Nature, 594, 33

https://www.hawc-observatory.org/
http://english.ihep.cas.cn/lhaaso/


Gama-astronomija

Usporedba osjetljivosti
detektora gama-zraka

Suradnja opservatorija gama-zraka
Maglica Rakovica (Crab Nebula)

Acciari et al. (2020), A&A, 635, A158
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Abdo et al. (2011), ApJ, 736, 131

Biermann et al. (2002)

Multiwavelength (MWL) astronomija

Aktivne galaktičke jezgre
Active galactic nuclei (AGN)
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Provale gama-zračenja 
Gamma-ray bursts (GRB)

Credit: NASA/ Goddard Space Flight Center
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Aleksić et al. (2015), JHEA, 5-6, 30-38

Wikipedia: Torres997

Ostaci supernova

Maglica Rakovica
(Crab  Nebula)
● Najvažniji objekt za razvoj 

gama-astronomije
● Standardna svijeća u 

gama-astronomiji
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Ansoldi et al. (2016), A&A, 585, A133

Pulsari

22



Katalog TeV izvora
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http://tevcat2.uchicago.edu/


TXS 0506+056 (blazar)

Aartsen et al. (2018), Science, 361, 1378

Prvo opažanje pojačanog toka gama-zračenja
u koincidenciji s emisijom neutrina

Multimessenger astronomija
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Spajanje neutronskih zvijezda
Prvo opažanje gravitacijskih valova
u koincidenciji s provalom gama-zračenja

Abbott et al. (2017) ApJL, 848, L13

GW170817 & GRB 170817A

https://ui.adsabs.harvard.edu/abs/2018Sci...361.1378I/abstract


Tamna materija

Ahnen et al. (2016), JCAP, 02, 039
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Axioni i axionske čestice

Ajello et al. (2016), PRL, 116, 161101

Batković et al. (2021), Universe, 7(6), 185
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Kvantna gravitacija
http://universe-review.ca/R01-07-quantumfoam.htm
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Gama-astronomija – zaključak

● Elektromagnetsko zračenje najviših energija
● Značajan udio snage zračenja iz astronomskih objekata
● Nosi važnu informaciju o procesima u raznim vrstama astronomskih 

objekata
● Alternativni pristup 

fundamentalnim 
istraživanjima

Astročestična 
fizika

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

