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The (HE) gamma-ray sky
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VELA 
(1969 – 1979)
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VELA 
(1969 – 1979)

GRB 670702
Klebsadel et al.1973



THE «DARK» ERA 
(1973–1991)

• The discovery paper (Klebsadel et al. 1973)
• 16 GRBs observed between 1969 and 1972

• VELA Energy range of 0.2–1.5 MeV

• Time durations ranged from <1 s to ~30 s

• Some light curves with no structure and others with clearly resolved peaks, as observed in 
the first GRB

• The VELA satellites were not able to give a GRB spectrum

• Between July 1969 – April 1979:
• Four VELA satellites (5A & 5B, 6A & 6B) recorded 73 GRBs

• Detection of bursts of gamma-rays soon confirmed by other satellites 
(IMP-6 and Russian Konus) 
• New space missions were dedicated to gamma-ray and X-ray observations

• For the 20 years following the publication of the GRB discovery, a few hundreds of brief 
gamma-ray flashes were observed, 
• Only roughly localized, vanished too soon, leaving no traces
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• Interpretation:

• In one famous review article at the 1975 Texas Symposium on Relativistic 
Astrophysics, more than 100 different possible theoretical models of GRB were 
listed

• Possible GRB origin from Galactic neutron stars 
• On the basis of the low-energy absorption features, explained as cyclotron 

resonance lines (indicating strong magnetic fields), seen by Ginga satellites, and of 
high-energy emission features, interpreted as the 511 keV annihilation line 
originating near the surface of a solar-mass neutron star

• All experimental results collected in the 1980s were not sufficiently conclusive 

• It was not possible to detect any counterpart of the GRB phenomenon at any 
wavelength, due to the large error boxes of the positions given by the 
gamma-ray instruments

• GRBs acquired a special “aura”, mainly due to their mysterious nature 
which persisted for decades
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THE «DARK» ERA 
(1973–1991)
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Compton Gamma Ray Observatory 
(1991 – 2000)



Credit: NASA

Astronaut Jay Apt 

1991
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Astronaut Jerry Ross

1991



The Success of  Gamma-ray Astronomy
(1980–2000)

11
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THE BATSE ERA (and milestones) .
(1992 – 1996)



The Fourth BATSE Gamma-Ray Burst Catalog – Paciesas+1999



Identification of  Two Classes of  Gamma-Ray Bursts – Kouveliotou+1993 



BATSE Observations of  Gamma-Ray Burst Spectra. I. Spectral Diversity – Band+1993 



Detection of  a γ-ray burst of  very long duration and very high energy – Hurley+1994 

GRB 940217



THE AFTERGLOW ERA
(1997–2007)
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GRB 970228

Costa et al. 1997
28 Feb 1997 3 Mar 1997

Credit: BeppoSAX Team



Discovery of  an X-ray afterglow associated with the γ-ray burst of  28 February 1997 – Costa+1997

GRB 970508

A 450 Day Light Curve of  the Radio Afterglow of  

GRB 970508: Fireball Calorimetry – Frail+2000



A hypernova model for the supernova associated with the γ-ray burst of  25 April 1998 – Iwamoto+1998

The Host Galaxy of  GRB 970508 – Bloom+1998



THE AFTERGLOW ERA
(1997–2007)
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Success of the Swift mission
Since November 2004, the 

Neil Gehrels Swift Observatory

is contributing to key results in 
the GRB field, especially in the 

study of the afterglow emission

Swift was specifically designed to 

study GRBs and their afterglows in 

multiple wavebands: 

MULTI-WAVELENGTH MISSION



Credit: L. Amati



Tutti a caccia di GRB!!!

GCN

Gamma-ray
transient

Optical, IR, radio, neutrino telescopesGW Interferometers, Cherenkov telescopes

Gamma, X, UV
satellites

Gamma-Ray Burst Coordinates Network
(since 1997)
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Large Area Telescope (LAT)
Pair conversion telescope 
20 MeV → 300 GeV

Gamma-ray Burst Monitor (GBM)
14 Plastic scintillator detectors

8 keV – 40 MeV

International and 

interagency collaboration 

between NASA and DOE 

in the US and agencies in 

France, Germany, Italy, 

Japan and Sweden

Launched 2008

The Fermi mission
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Von Kienlin+2020



Von Kienlin+2020

Histogrammed
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incorporating

uncertainties!
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169 long

17 short

Credit: NASA/DOE/Fermi LAT Collaboration

Fermi-LAT 10 yrs GRB catalog



169 long

17 short

Credit: NASA/DOE/Fermi LAT Collaboration

GRB 080916C (long) GRB 090510 (short)

Science 
Vol 323 

Issue 5922

2009

Nature

Vol 462 

331-334

2009

Fermi-LAT 10 yrs GRB catalog



Preece+2014, Ackermann+2014 Science

95 
GeV

Fermi-LAT Observations of  the Gamma-Ray Burst GRB 130427A – Ackermann+2014

2014
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Credit: NASA GSFC & Caltech/MIT/LIGO Lab

https://www.youtube.com/watch?v=-Yt5EmEgz2w

BREAKTHROUGH #1: GRB+GW DETECTION (2017)



Credit: M. Branchesi



Multi-messenger Observations of  a Binary Neutron Star Merger – Abbott+2017





https://observing.docs.ligo.org/plan/

BNS range for each observing run

15 June 2022 update



Credit: M. Branchesi

Almost all detected short GRB will have a GW counterpart

Depending on the satellites, we will have
tens to hunreds of detections per year



BREAKTHROUGH #2: GRB DETECTIONS @VHE

• Announcements on 20 Nov. 2019

1.H.E.S.S. observation of GRB 180720B

2.MAGIC observation of GRB 190114C

• Announcement on 4 June 2021

3. H.E.S.S. observation of GRB 190829A
©CRR UTokyo/Naho Wakabayashi

Abdalla+2021

z = 0.653

z = 0.4245

z = 0.0785
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Revealing x-ray and gamma ray temporal and spectral similarities 
in the GRB 190829A afterglow – H.E.S.S. Collaboration 2021

Observation of  inverse Compton emission from 
a long γ-ray burst – MAGIC Collaboration 2019

GRB 190114C



Credit: NASA/Goddard Space Flight Center

GRB “PILLARS OF KNWOLEDGE”

1. GRBs are cosmological

2. GRBs have large bulk Lorentz factors

3. Prompt and afterglow emission phases

4. Long and short GRBs

5. Supernova connection

6. Common behaviors
and trends
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Going for Multi-Wavelength is always the key!
Now also Multi-Messenger! 

Synergy between instruments (and community!) is crucial



There is still a lot of discovery potential in the GRB field!

• keV/MeV energy range: Fundamental triggering and monitoring range for 

multiwavelength and multimessenger follow-up campaigns! 

Looking forward to many exciting new missions coming online soon!

• GeV/TeV energy range: The fun has just began!

Looking forward to CTA boosting VHE GRB detection rate in 

both prompt and afterglow emission phases

Conclusions



August 27, 1947 – June 12, 2022 October 31, 1978 – July 6, 2022

Williams Paciesas Magnus Axelsson



Thank you!


