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Gamma-ray bursts: An accidental discovery in 1969

OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN
Ray W. KrEBEsADEL, JAN B. StrRONG, AND Roy A. OLsoN

University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Reccived 1973 Marchk 16; revised 1973 April 2
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https://commons.wikimedia.org/wiki/File:Vela_5B_in_Orbit.gif
https://articles.adsabs.harvard.edu//full/1973ApJ...182L..85K/L000087.000.html

How do we observe GRBs?

Satellites with large fields of view
detect the bright flash of gamma rays
(“prompt emission”)
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https://fermi.gsfc.nasa.gov/inc/img/spacecraft.jpg

What kinds of information do we get?

NASA/ESA/JHU/R.Sankrit & W.Blair

ikimedia Commons

;&E\ NASA/Goddard Space Flight Center
4000 4500 Wavele:g?:(,&) 5500 6000
distances energetics accompanying phenomena
(redshifts) (energy spectrum)
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https://iopscience.iop.org/article/10.1088/0004-637X/720/1/862
https://commons.wikimedia.org/wiki/File:Redshift.svg

Two types of gamma-ray bursts

140
120
short GRBs 100 , ;:; ST long GRBs
[ | :
: e GRB 210711 |
80 ': 16} trig #512 l
-— ! 1af :
C . 125— . I
8 60 E. 1: KW : | ' -20 time (sec) E;O
o : 6.3:(\1\/\’,\/‘\/\J time(WS | /
- I
| |
ReBiirin6altech-JPL 40 | - AN~ ' R R L
. ] # B ;
20 F \ 3
; - P&
' ' AN
0} .\\'\\\\\\\\\\ R e -
0.01 0.1 1 10 100 1000
Observed Duration: Tgq [S]
\]
QQQ Sylvia J. Zhu | Gamma-ray bursts | Seminar, Jagiellonian University, 26 Jan 2022


https://www.sciencemag.org/news/2018/03/neutron-star-mergers-may-create-much-universe-s-gold
https://commons.wikimedia.org/wiki/File:Keplers_supernova.jpg
https://commons.wikimedia.org/wiki/File:GRB_BATSE_12lightcurves.png
https://commons.wikimedia.org/wiki/File:GRB_BATSE_12lightcurves.png
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s a wide variety of behavior
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https://commons.wikimedia.org/wiki/File:GRB_BATSE_12lightcurves.png

{ux

seconds — minutes

“prompt emission”

>




mildly relativistic ejecta

hours — months

.

4

e | _ “afterglow”

>

nonthermal spectra ™8 | Time_

v

accelerated charged particles




13

How do we know what we know?

Start with a simple model

“‘

/N

O

Take observations Compare Update model
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Afterglow photon emission mechanisms
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Afterglow photon emission mechanisms
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Afterglow photon emission mechanisms

1TeV

km

differential
energy flux

~ how much total
energy is released
at these photon

ﬂ Hinton JA, Hofmann W. 2009.
Annu. Rev. Astron. Astrophys. 47:523—-65
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https://commons.wikimedia.org/wiki/File:Nasa_swift_satellite.jpg
https://commons.wikimedia.org/wiki/File:Fermi_Gamma-ray_Space_Telescope_spacecraft_model.png
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High Energy Stereoscopic System (H.E.S.S.)
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https://commons.wikimedia.org/wiki/File:H.E.S.S._II_Telescope_Array.jpg
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High Energy Stereoscopic System (H.E.S.S.)

3/5 of the H.E.S.S. telescopes, Helmholtz Alliance for Astroparticle Physics

- ’
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3° field of view at 50 GeV
can slew 100°/min
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https://www.nasa.gov/feature/goddard/2017/gamma-ray-telescopes-reveal-a-high-energy-trap-in-our-galaxys-center
https://www.sense-pro.org/portraits/experiments/magic
https://astronomy.com/news/2019/07/the-truth-is-out-there-using-veritas-to-search-for-et
https://www.youtube.com/watch?v=Raxj02-c7QY
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Why is it particularly difficult to detect very-high-energy photons?

Extragalactic Background light absorption
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Finally we detected GRBs at Very High Energies!! (>100GeV)

2 e
|

'GRB 190114C

Article | Published: 20 November 2019 Article | Published: 20 November 2019

A very-high-energy component deep in Teraelectronvolt emission from the y-ray
the y-ray burst afterglow burst GRB 190114C
H. Abdalla, R. Adam, [...] O. J. Roberts MAGIC Collaboration
Nature 575, 464-467(2019) | Cite this article Nature 575, 455-458(2019) | Cite this article
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REPORT

Revealing x-ray and gamma ray temporal and spectral
similarities in the GRB 190829A afterglow

H.E.S.S. Collaboration™", H. Abdalla’, F. Aharonian?3, F. Ait Benkhali®, E. 0. Angiiner®, C. Arcaro®, C. Armand’, T. Armstro...
+ See all authors and affiliations

Science 04 Jun 2021:
Vol. 372, Issue 6546, pp. 1081-1085
DOI: 10.1126/science.abe8560
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A timeline of events

credit: Edna Ruiz-Velasco
Very-High Energy H.ESS.
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Gamma Fermi-GBM, Konus-Wind

. .

X-Ray Swift-XRT, Swift-BAT

T | I I l

) GROND, UKIRT, TNG, LJMU, LCO, GTC, GROWTH,
Optical, NIR, UV Liverpool, VLT/X-shooter, NOT, MUSE, UVOT...

mi.r . T T 1]

Radio ATCA, NOEMA, MeerKAT, uGMRT

. IT.

1 day 2 days 3 days 4 days 5 days
Time after trigger

Burst time: 2019-08-29 19:56:45 UT
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GRB 190829A was very close
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GRB 190829A was detected by H.E.S.S. over three nights

credit: Edna Ruiz-Velasco
Very-High Energy H.ESS.
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From measurement to intrinsic spectrum
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Combining multiwavelength information
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Where do the VHE photons come from?

differential
energy flux

~ how much total
energy is released
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energies
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Where do the VHE photons come from?
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Where do the VHE photons come from?
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E*dN/dE (ergs ' cm™?)
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1 Synchrotron + SSC:
easier to motivate
but poor fit to data

Synchrotron w/o max photon energy:
much better fit to data (>50 improvement)
but more difficult to explain

. *More precisely: The data is good enough that
13 we can/must now include more complexity in
the models
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How do we know what we know?

1 1 T
T GRB 190829A 1

O
?
Start with a simple model Take observations Compare Update model
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Thanks!
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