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The optical sky in Namibia
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The optical sky in Namibia

    + some Very High Energy gamma-ray sources

(c) F. Acero, H. Gast, H.E.S.S. Collaboration
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Gamma-ray bursts: An accidental discovery in 1969

Wikimedia Commons

Klebesedal, Strong, & Olson (1973)
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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


Sylvia J. Zhu | Gamma-ray bursts | Seminar, Jagiellonian University, 26 Jan 2022

How do we observe GRBs?
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Satellites with large fields of view

detect the bright flash of gamma rays

(“prompt emission”)

NASA

https://fermi.gsfc.nasa.gov/inc/img/spacecraft.jpg
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What kinds of information do we get?
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distances

(redshifts)

energetics

(energy spectrum)

accompanying phenomena

Rau et al. 2010

Wikimedia Commons

NASA/Goddard Space Flight Center

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

https://iopscience.iop.org/article/10.1088/0004-637X/720/1/862
https://commons.wikimedia.org/wiki/File:Redshift.svg
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Two types of gamma-ray bursts

R. Hurt / Caltech-JPL Wikimedia Commons

Wikimedia Commons

Wikimedia Commons

Original figure from Shahmoradi and Nemiroff, 2015

short GRBs long GRBs

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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9

“prompt emission”

seconds — minutes

“afterglow”

hours — months
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• relativistic beaming
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1010

“prompt emission”

seconds — minutes

a wide variety of behavior

Wikimedia Commons

nonthermal spectra

accelerated charged particles

✓

https://commons.wikimedia.org/wiki/File:GRB_BATSE_12lightcurves.png
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• relativistic beaming
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1111

“prompt emission”

seconds — minutes

ultra-relativistic ejecta
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• relativistic beaming
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1212

“afterglow”

hours — months

nonthermal spectra

accelerated charged particles

✓

mildly relativistic ejecta
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How do we know what we know?
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Start with a simple model Take observations Compare Update model
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Afterglow photon emission mechanisms

photon energy

synchrotron

radio     -     optical     -     X rays     -     MeV     -     GeV     -     TeV gamma rays

differential 
energy flux


~ how much total 
energy is released 
at these photon 
energies

assumes a ‘one-zone’ scenario
Bacc = Brad
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Afterglow photon emission mechanisms

photon energy

synchrotron

synchrotron 
self-Compton?


hadronic cascades?

radio     -     optical     -     X rays     -     MeV     -     GeV     -     TeV gamma rays

differential 
energy flux


~ how much total 
energy is released 
at these photon 
energies
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Afterglow photon emission mechanisms

photon energy

synchrotron ?

radio     -     optical     -     X rays     -     MeV     -     GeV     -     TeV gamma rays

differential 
energy flux


~ how much total 
energy is released 
at these photon 
energies
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Afterglow photon emission mechanisms

photon energy

synchrotron ?

Fermi

Swift

Imaging Atmospheric

Cherenkov Telescopes

radio     -     optical     -     X rays     -     MeV     -     GeV     -     TeV gamma rays

differential 
energy flux


~ how much total 
energy is released 
at these photon 
energies

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.)

Wikimedia Commons 

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.)

MAGIC

VERITAS

H.E.S.S.


28m + four 12m

>50 GeV

3° field of view at 50 GeV

can slew 100°/min

H.E.S.S., MPIK/Christian Foehr

Derek Strom, Giovanni Ceribella and the MAGIC Collaboration

VERITAS Collaboration

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

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?
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z = 0

at the source

z = 0.1

460 Mpc

1.5 billion light years

z = 1

6.7 Gpc

22 billion light years

z = 0.01

z = 0.03

z = 0.1z = 0.2

z = 0.3z = 0.5

z = 1

Extragalactic Background light absorption
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Finally we detected GRBs at Very High Energies!!

GRB 180720B GRB 190114C

(> 100 GeV)
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The most spectacular VHE GRB so far: GRB 190829A
22

The most spectacular GRB so far: GRB 190829A
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A timeline of events
credit: Edna Ruiz-Velasco

, UV
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GRB 190829A was very close

, UV

credit: Edna Ruiz-Velasco

z = 0.0785
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GRB 190829A was detected by H.E.S.S. over three nights

, UV

T0 + 4 hrs T0 + 27 hrs T0 + 51 hrs

credit: Edna Ruiz-Velasco
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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?

photon energy

synchrotron
synchrotron 
self-Compton?


radio     -     optical     -     X rays     -     MeV     -     GeV     -     TeV gamma rays

differential 
energy flux


~ how much total 
energy is released 
at these photon 
energies
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Where do the VHE photons come from?
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Where do the VHE photons come from?

10
1
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3
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5
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T0 + [4.3, 7.9] hrs

T0 + [27.2, 31.9] hrs

GRB 190829A

Synch
IC
SSC
SSC w/o cutoff limit

Synchrotron + SSC:

easier to motivate

but poor fit to data


Synchrotron w/o max photon energy:

much better fit to data (>5σ improvement)

but more difficult to explain

*More precisely: The data is good enough that 
we can/must now include more complexity in 
the models



Sylvia J. Zhu | Gamma-ray bursts | Seminar, Jagiellonian University, 26 Jan 2022

How do we know what we know?
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?

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

32


