
GRB Lecture I!
Darach Watson!

Dark Cosmology Centre 

•  Historical Context!
•  What do we know about Gamma-Ray Bursts? !
•  How do we know it? — Major Milestones!

•  Next Lecture: GRBs as tools!



GRB science is young 

•  First detection reported in 1973 

•  Rapid rise of  
publication rate 
of GRB papers 

Year 

QSO-titled papers 
GRB-titled papers 



Vela-satellites (1964-1972) 
•  The Vela-satellittes were 

launched to monitor 
complience with the Limited 
Nuclear Test Ban Treaty  
(designed to detect 
atmospheric nuclear 
explosions)!

•  First satellite pair launched in  
October 1963.!

•  The project continued till 
1972 (Vela 6a and 6b). !



Historical Context 
•  Famous commencement 

address By JFK at American 
University 1963 paved the way 
for the Treaty: 

 “Our problems are manmade--
therefore, they can be solved by 
man. And man can be as big as 
he wants.” 

•   Limited Nuclear Test Ban 
Treaty 1963 

•   Vela Satellites 

•  Discovery of GRBs 



Early Theory 

•  Stirling Colgate suggested searching the 
Vela data for signs of gamma rays emitted 
during the initial stages of a supernova 

•  Colgate was more correct than we knew, 
suggesting as early as 1959 that SNe could 
produce bursts of gamma-rays  



Major Observations in GRBs 
•  1973 — Discovery 
•  1984, 1993 — Two Classes (long & short) 
•  1992 — Isotropic & non-Euclidean distributions 
•  1997 — Afterglows of long GRBs 
•  1997 — Redshift of long GRBs 
•  1998, 2003 — SN-GRB connection 
•  2005 — Afterglows of short GRBs 
•  2006 — SN-less GRBs 
•  2009 — z > 7 GRB 



GRB670702: The first known burst!
gamma-ray burst = burst of γ-rays 





Conclusions 
•  Gamma-ray bursts are short intense bursts of γ-rays. 

They do not originate from the earth or the sun.!
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...... 



What causes GRBs!

?!
How find the answer? 



CGRO 
BATSE 



BATSE — A minor part of CGRO 
•  CGRO (Compton Gamma Ray 

Observatory)!
•  The satellite was launched in 

1991 and deorbited into the 
Atlantic in June 2000.!

•  The main purpose of BATSE 
(Burst and Transient Source 
Experiment was to study 
GRBs.!

•  BATSE triggered on 2704 
GRBs during its nine years of 
operation (ca. 1 per day).!





BATSE: Extreme GRBs 





BATSE: Examples of GRB lightcurves 





Distribution on the sky of 
persistent γ-ray sources        →
Mainly in the Milky Way disk 
(or AGN)!

←  distribution of 
GRBs on the sky: 
Isotropic!



Conclusions 
•  Gamma-ray bursts are short intense bursts of γ-rays. They do not originate from the 

earth or the sun.!

•  GRBs are highly-relativistic phenomena!

•  GRBs are isotropically distributed on the sky and are 
non-Euclidean.!

•  They come in at least two flavours (long and short)!



What can be inferred from the 
celestial distribution of GRBs? 



The Great Debate 1995 !
http://antwrp.gsfc.nasa.gov/diamond_jubilee/debate95.html 

•  Bohdan Paczyński!
•  Extragalactic !
   Explosions in remote galaxies.!

Tests: precise positions !
             Andromeda galaxy 

•  Donald Q. Lamb!
•  Galactic (Milky Way)!
   Neutron stars ejected from 

the disk with large velocities 
and hence distributed in an 
extended halo.!
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The BeppoSax Years: 1996–2002 



GRB970228: breakthrough 
February 28.123620 



GRB970228: X-ray afterglow 



GRB970228: optical afterglow 



Lightcurve for the optical afterglow of GRB970228: powerlaw 



Host galaxy (z=0.695, d=4.2 Gpc) 

          ↓ !
 COSMOLOGICAL! 



Conclusions 
•  Gamma-ray bursts are short intense bursts of γ-rays. They do not originate from the 

earth or the sun.!

•  GRBs are highly-relativistic phenomena!
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•  Long GRBs originate from galaxies at “cosmological” 
distances. Extremely energetic explosions. Synchrotron 
radiation from highly relativistic electrons?!



Jets in GRBs 

•  GRBs are ultra-relativistic 
•  Bursts must be relativistically beamed 
•  Equivalent isotropic energy release in 

Gamma-rays can be as high as 1054 ergs, 
so total energy release likely much lower 

•  Collapsar model suggests collimation  
jets 

•  Many astrophysical sources have jets 



Likely “inner engines” 



Sketch model for GRBs 



Other objects that produce jets 





Eiso = 4.5x1054 erg!

More than rest-energy of the sun!!

Collimation solves the energy problem, but 
at the expense of increasing the rate by 
factor ∼100-500!!
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GRB980425: supernova!

z=0.0085 (nearby!). No optical !
afterglow!, but a bright SN Ib/c!
SN1998bw – SN of the century!!

Galama et al. (1998) 
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GRB030329:!
 Final proof of GRB/SN link 

HETE-2!
High Energy Transient Explorer !
(Launched Oct. 2000)!



GRB 030329 optical afterglow and SN!

 Redshift: z=0.1685 (0.810 Gpc).!

 Afterglow: very bright X-ray/optical/radio!



Very similar to SN1998bw:!
- broad lines →  large !
Expansion velocity !
- type Ic (no H or He abs.)!
- very bright!
- “Hypernova”!

→  Progenitor Wolf Rayet !
     star (“envelope !
     stripped”). !

SN 2003dh/GRB030329 
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The Swift Era (November 2004 — ) 

-  Detections (1 per week)!
-  More precise positions!
 BAT: 1-3 arcmin / 100%!
 XRT: 2-6 arcsec / >90%!
 UVOT: <1 arcsec / 30% !
-  More rapid (few sec after the 
bursts)!
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Short vs. Long GRBs 



First Optical Afterglow 

•  Optical afterglow 
•  Near a z = 0.16 galaxy 
•  No associated SN 
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GRB060505: Can massive stars die without 
supernova-explosions?  
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GRBs reach into Reionisation 

GRB Redshift Record Holders 

•  z = 6.3 (GRB 050904) 
•  z = 6.7 (GRB 080913) 
•  z = 8.3 (GRB 090423) 

Most distant galaxy, z = 6.96 



GRB050904 

z=6.30, 860 Mio yr after BB 



Lyman-alfa skoven 

•  Lyman-alfa absorption: 
en foton med 
bølgelængde 1216Å 
exiterer en elektron fra 
grundtilstanden til første 
exiterede niveau i brint.!

•  Dette er den stærkeste 
overgang i brint, og brint 
er langt det hyppigste 
grundstof i universet.  



Lyman-alfa skoven 

•  Alle brintskyer mellem en 
fjern kvasar og jorden giver 
anledning til en 
absorptionslinie. !

•  En sky ved rødforskydning z 
absorbere ved (1+z)*1216Å.!

•  Da z<z(kvasar) ligger alle 
disse absorptionslinier på den 
blå side af kvasarens Lyman-
alfa emissionslinie.!



z(em) = 3.63 



z(em) = 5.745 





z(em) = 6.28 



GRB050904: det fjernest glimt 

z=6.30, 860 Mio år efter BB, >12 Mia år “tilbageblik”  





Conclusions 
•  Gamma-ray bursts are short intense bursts of γ-rays. They do not originate from the 

earth or the sun.!

•  GRBs are highly-relativistic phenomena!

•  GRBs are isotropically distributed on the sky and are non-Euclidean.!

•  They come in at least two flavours (long and short)!

•  Long GRBs originate from galaxies at “cosmological” distances. Extremely energetic 
explosions. Synchrotron radiation from highly relativistic electrons? !

•  Collimation: opening angles few degrees. There are many more GRBs than those we see. !

•  Long GRBs connected to supernovae! (type Ic)!

•  Not all GRBs associated with observable SNe!

•  GRBs can be seen to the greatest distances!


