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Outline of the Lectures 

 
•  GRB a puzzle being solved 

–  Brief GRB history 
•  Six GRB eras 

–  GRB observations 
•  The prompt 
•  The afterglow 

–  GRB theory 
•  The fireball model 
•  Search for Progenitors 

–  HE emission from GRBs 
•  Detectors for GRB 

–  BATSE 
–  BeppoSAX 
–  Swift 
–  Fermi GBM and LAT 
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Gamma-ray Bursts 



F.Longo     Gamma-ray Bursts – Laurea in Fisica   5 

University of Trieste and INFN  December 09, 2021 



�
 
 

           Seven eras 
1) “Dark” era (1973-1991): discovery 
    Klebesadel, Strong & Olson’s discovery (1973); 
2) BATSE era (1992-1996): spatial distribution 
    Meegan & Fishman’s discovery (1992), 
    detection rate: ~1 to 3 /day, ~3000 bursts; 
3) BeppoSAX era (1997-2000): afterglows 
    van Paradijs, Costa, Frail’s discoveries (1997); 
4) HETE-2 era (2001-2004): origin of long bursts 
    Observations on GRB030329/SN2003dh 
5) Swift era (2005-): very early afterglows, short- 
    GRB afterglow, GRB subclasses? GRB cosmology? 
6) Fermi era (2008-): High energy emission component, GW 

counterparts! – origin of short GRB  
7) VHE era (2019-): VHE emission component from GRB! 
 
 



•  GRBs = sudden and unpredictable bursts of hard X / soft 
gamma rays with huge intensity, typical durations of tens of 
seconds and coming from random directions in the sky 

•  discovered at the end of the ’60s by military satellites, first 
published on an astronomical journal (ApJ) in 1973 

•  during ’70s and ’80s several experiments onboard satellites, 
but poor improvements in understanding these phenomena 

The GRB phenomenon  
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The “dark” (?) era … 
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GRB history 

•  Discovery by Vela Satellites (1967 - 1973) 



First Detected Gamma-Ray Burst 



Models for Galactic GRBs 
•  Accretion                   

I) Binary Companion  
- no companion seen   
II) SN Fallback – Too 
long after explosion 

•  Magnetic Fields 
  ~1015 G Fields 

-�Magnetars� 



If normal GRBs are also neutron stars, GRBs should  
Also center around the Galactic Equator. 
 
This is a Prediction of the Galactic Models! 

Plane of the  
Milky Way 

Galaxy 





Models for Cosmological GRB 

•  Collapsing WDs 
•  Stars Accreting on 

AGN 
•  Black Hole Accretion 

Disks                                
I) Binary Mergers            
II) Collapsing Stars 



F.Longo     Gamma-ray Bursts – Laurea in Fisica   18 

University of Trieste and INFN  December 09, 2021 

The BATSE era 
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GRB History 
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CGRO-BATSE (1991-2000) 

CGRO/BATSE  (25 keV÷10 MeV) 
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The BATSE instrument 

!  NaI scintillators 
!  20 keV – 2 MeV 
!  FoV 4π 
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Gamma-Ray Bursts 

Temporal behaviour Spectral shape

Spatial distribution



•  most of the flux detected 
from 10-20 keV up to 1-2  
MeV  

•  measured rate (by an 
all-sky experiment on a 
LEO satellite): ~0.8 / day; 
estimated true rate ~2 / 
day 

•  fluences (= av.flux * 
duration) typically of ~10-7 
– 10-4 erg/cm2 

•  diverse and 
unclassifiable light curves 

The GRB phenomenon 



•  bimodal distribution of durations: short and long GRBs 

•  short GRBs tend to be spectrally harder than long 
GRBs 

short 

long 

The GRB phenomenon  
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GRB spectral info 
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The Interplanetary network 



The GRB coordinates network 
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No host problem 
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The great debate (1995) Flux:10-7 erg cm-2 s-1

Distance: 1 Gpc
Energy:1051 erg

Distance: 100 kpc
Energy: 1043 erg

Cosmological - Galactic? Need a new type of 
observation! 

GRB: where are they? 
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The BeppoSAX era 
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BeppoSAX (1995 - 2002 ) 
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BeppoSAX 



•  in 1997, thanks to 
BeppoSAX observations, 
discovery of fading X-ray, 
optical, radio emission 
following the GRB  

 

•  photons received during 
the classical GRB 
phenomenon are then 
called “prompt emission” 
and the subsequent fading 
emission is called “afterglow 
emission”    

prompt 

afterglow 

Adapted from Maiorano et al., 
A&A, 2005 

The GRB phenomenon  



GRB970228 – first good 
localization 
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BeppoSAX 

Kippen et al. (1998)



GRB970228 – Optical Counterpart 
Discovered (with corresponding optical 

localization!) 



GRB970508 – Absorption Lines: 
z=0.835 

Fe II 
Fe II 

Mg II 
Mg II  I 

Optical Emission 

Metzger et al. 1997 
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Afterglow Era 

Fruchter et al (1999)

Host Galaxies identification
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GRB Progenitors 

Short GRB 

Long GRB 

Afterglows in the BeppoSAX era 
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The fireball model 
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The Fireball �standard� model 

•  Relativistic motion of the emitting region 
•  Shock mechanism converts the kinetic energy of the shells into radiation. 
•  Baryon Loading problem 

Internal Shocks 
!  Source activity 
!  Synchrotron Emission 
!  Rapid time Variability 
!  Low conversion efficiency 

External Shock 
!  Synchrotron & SSC 
!  High conversion efficiency   
!  Not easy to justify the rapid variability 
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Towards the progenitors 



•  evidence of a GRB - SN connection: GRB980425 / SN1998bw 

"  GRB 980425, a normal GRB detected and localized by WFC and 
NFI, but in temporal/spatial coincidence with a type Ic SN at z = 
0.008 (chance prob. 0.0001) 

Unvealing the progenitors 
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Towards a solution? 

SN 1998bw - GRB 980425 
(Galama et al. 98)

GRB 980326 
(Bloom et al. 99)

SN evidence 
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Collapsar model 

•  Very massive star that collapses in a rapidly spinning BH.  
•  Identification with SN explosion. 

Woosley (1993)
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The Hete-2 era 
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Hete2 



•  further evidences of a GRB/SN connection: bumps in optical 
afterglow light curves and optical spectra resembling that of 
GRB980425 

 GRB 030329, Hjorth et al., 
Nature, 2003 

 GRB980326, Bloom et al., 
ApJ, 1999 

Unvealing the progenitors 
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The Swift era 



 

•  Swift: NASA mission dedicated to GRB 
studies launched 20 Nov. 2004 USA / Italy / 
UK consortium 

"  main goals:  afterglow onset, connection 
prompt-afterglow, substantially increase of 
conunterparts detection at all wavelengths 
(and thus of redshift estimates) 

"  payload: BAT (CZT+coded mask, 15-350 keV, wide FOV, 
arcmin ang. res.), XRT (X-ray optics, 0.3-10 keV, arcsec 
ang.res.), UVOT (sub-arcsec ang.res. mag 24 in 1000 s)  

"  spacecraft: automatic slew to target source in ~1 - 2  min.  

Adding pieces to the puzzle 
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Swift 

Fill the data gap! 

Swift’s purpose 
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The Swift instrumentation 

X-ray Telescope 

UV and Optical 
Telescope 

NASA 
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Observing Strategy 

BAT Burst Image 

T<10 sec 
θ < 4' 

!  BAT  triggers on GRB, calculates position to < 4 arcmin 

!  Spacecraft autonomously slews to GRB position in 20-70 s 

!  XRT determines position to < 5 arcseconds 

!  UVOT images field, transmits finding chart to ground 

BAT Error  
     Circle 

XRT Image 

T<100 sec 
θ < 5'' 

 

T<300 sec 

UVOT Image 



•  host galaxies long GRBs: blue, usually regular and high star forming, GRB 
located in  star forming regions 

•  host galaxies of short GRBs: elliptical, irregular galaxies, away from star 
forming region 

Unvealing the short GRB progenitors 

GRB 050509b 

Short Long 
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High redshift GRB 
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GRB & Cosmology 



F.Longo     Gamma-ray Bursts – Laurea in Fisica    72 

University of Trieste and INFN  December 09, 2021 

The connection with GWs 
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GRBs and Gravitational Waves 
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GRBs and Gravitational Waves 
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GRB and GWs 
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High Energy Emission from GRB 
“The AGILE/Fermi era” 
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The Compton Gamma Ray Observatory 

EGRET 
- 1991-2000 
-  30 MeV - 30 GeV 
-  AGN, GRB, Unidentified Sources, Diffuse Bkg  
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GRB delayed emission 

Hurley et al. 1994 
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AGILE and GRBs 
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AGILE instrument 
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GRB 080514B 
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Fermi and GRBs 
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•  Two instruments: 

–  LAT:  
•  high energy (20 MeV –  >300 GeV) 

–  GBM:  
•  low energy (8 keV – 40 MeV) 

•  Huge field of view 
–  LAT: 20% of the sky at any instant; in sky survey mode, expose all 

parts of sky for ~30 minutes every 3 hours.  GBM: whole unocculted 
sky at any time. 

•   Huge energy range, including largely unexplored band 10 GeV - 
100 GeV 

•   Large leap in all key capabilities.  Great discovery potential. 

Large Area Telescope (LAT) 

Gamma-ray Burst Monitor (GBM) 

Fermi Key Features  

Spacecraft Partner: 
General Dynamics 
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The Observatory 

GBM 
BGO 

Detector 

GBM  
NaI 

Detector 

LAT 
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GRB080916C - Multiple detector light curve 

 First 3 light curves are 
background subtracted 

 
•  The LAT can be used as a 

counter to maximize the rate 
and to study time structures 
above tens of MeV 

–  The first low-energy peak is not 
observed at LAT energies 

 
•  Spectroscopy needs LAT event 

selection (>100 MeV)‏ 
–  5 intervals for time-resolved 

spectral analysis: 
0 – 3.6 – 7.7 – 16 – 55 – 100 s  

–  14 events above 1 GeV 
 

8 keV – 260 keV 

260 keV – 5 MeV 

LAT raw 

LAT > 100 MeV 

LAT > 1 GeV 

T0 
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GRB 130427A 
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GRB 130427A 
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Very High Energy  
emission from GRBs 

“status and prospects” 
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IACT & EAS experiments 

    •  Cherenkov experiments 
consist of almost-optical 
telescopes devoted to detect 
Cherenkov light. 

    •  EAS (Extensive Air Shower) 
experiments are huge arrays 
or carpets of particle 
detectors. 

    •  Cherenkov experiments have 
lower energy thresholds, but 
also a lower duty-cycle as well 
as a smaller field of view.  
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MAGIC telescopes  
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GRBs 

Albert et al 2006, ApJ 641, L9 



F.Longo     Gamma-ray Bursts – Laurea in Fisica    115 

University of Trieste and INFN  December 09, 2021 

MAGIC detection !!!! 
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MAGIC detection !!!! 

https://doi.org/10.1038/s41586-019-1750-x 
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MAGIC detection !!!! 

https://doi.org/10.1038/s41586-019-1754-6 
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MAGIC detection !!!! 

https://doi.org/10.1038/s41586-019-1754-6 
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MAGIC detection !!!! 

Zhang B., Nature News & Views (20/11/2019) 
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Conclusions 
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GRB implications 

Stellar Evolution 

Cosmic �texture� 

Intergalactic medium 

Primordial Star formation 
Special relativity 

Particle acceleration 

Radiative processes BH accretion physics 

Magneto-hydrodynamics 

Biological extinctions GRB 

Nuclear Physics 

Supernova physics 

Strong General Relativity 

Gravitational waves 


