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• What is a gamma-ray burst?

• The development of our understanding of the 
phenomenon illustrated by important events 
(including very recent results on gravitational 
waves).

Johan Fynbo, Niels Bohr Institute



• Militærsatelliter

• Vela-satellitterne blev opsendt
for at tjekke Limited Test ban 
Treaty  (stop for atmosfæriske
A-bombe sprængninger –
underskrevet 7. oktober 1963)

• Første satellit-par blev
opsendt 10. oktober 1963

• Projektet fortsatte til 1972 
(Vela 6a og 6b). 

Vela-satellitterne (1964-1972)



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





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

They do not originate from the earth or the sun.





......



What causes GRBs

?
How find the answer?



How find the answer: launch a new 
satellite!

• 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).



CGRO



BATSE: Examples of GRBS







Distribution on the sky of 
persistent g-ray sources ®
Mainly in the Milky Way disk 
(or AGN)

¬ distribution of 
GRBs on the sky: 
Isotropic





BATSE: Extreme GRBs



Distribution on the sky of 
persistent g-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 g-rays. They do not originate from the earth 

or the sun.

• GRBs are isotropically distributed on the sky.



What can be inferred from the 
celestial distribution of GRBs?



Earth



Sun



Solar neighborhood



Milky Way



The local group



Virgo Supercluster



The observable Universe



Generel relativitet: 
Fundamentet for moderne kosmologi



The cosmological redshift

z=0.004

z=0.050

z=0.073

z=0.130

z=0.203

The redshift is a measure of how 
much the Universe has expanded 
between emission and 
observation of the light : 
(1+z) per dimension. 
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Redshift and time



Verdensbilleder



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.



How to find the answer:       
Launch a new satellite!
BeppoSax (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 g-rays. They do not originate from the earth 

or the sun.

• GRBs are isotropically distributed on the sky.

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







GRB980425: supernova

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

Galama et al. (1998)





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

or the sun.

• GRBs are isotropically distributed on the sky.

• GRBs originate from galaxies at “cosmological” distances. Very energetic explosions. 
Synchrotron radiation from relativistic electrons?

• Connection to supernovae?



CALET, Fermi/GBM, INTEGRAL og
Konus/WIND

Duration 460 s

z = 1.406

Isotropisk energy release: 4x1054 erg

CALET SGM High gain light curve

“precursor”

GRB160625B



Broadband Observations

Optical light curve is normalized to UVOT v-band
X-ray and γ-ray arbitrarily scaled
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“Naked Eye Burst” (GRB080319B)
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Conclusions
• Gamma-ray bursts are short intense bursts of g-rays. They do not originate from the earth 

or the sun.

• GRBs are isotropically distributed on the sky.

• GRBs originate from galaxies at “cosmological” distances. Very energetic explosions. 
Synchrotron radiation from relativistic electrons?

• Connection to supernovae?

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



Sketch model for GRBs



Likely “inner engines”



Other objects making jets





Independent	evidence	for		
colliding	compact	objects



Hulse-Taylor	system



















GW170817

• NS-NS merger in NGC4993 17. august

• https://telescoper.wordpress.com/2017/08/2
3/ligo-leaks-and-ngc-4993/



GW170817



GW170817



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

or the sun.

• GRBs are isotropically distributed on the sky.

• GRBs originate from galaxies at “cosmological” distances. Very energetic explosions. 
Synchrotron radiation from relativistic electrons?

• Connection to supernovae?

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

• (Some) short GRBs are caused by merging neutron 
stars  



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



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

or the sun.

• GRBs are isotropically distributed on the sky.

• GRBs originate from galaxies at “cosmological” distances. Very energetic explosions. 
Synchrotron radiation from relativistic electrons?

• Connection to supernovae?

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

• (Some) short GRBs are caused by merging neutron stars.    

• GRBs and supernovae type Ic firmly connected.



Latest GRB satellite:
Swift (2. november 2004)

-More detections (1 per weak)
-More precise positions
BAT: 1-3 arcmin / 100%
XRT: 2-6 arcsec / >90%
UVOT: <1 arcsec / 30% 
-More rapid (few sec after the 
bursts)



GRB060505: Can massive stars die without 
supernova-explosions? 



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

or the sun.

• GRBs are isotropically distributed on the sky.

• GRBs originate from galaxies at “cosmological” distances. Very energetic explosions. 
Synchrotron radiation from relativistic electrons?

• Connection to supernovae?

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

• (Some) short GRBs are caused by merging neutron stars.   

• GRBs and supernovae type Ic firmly connected.

• Not all long GRBs associated with SNe!?



What are we we doing now?

- We try to buld a statistical sample of GRBs to probe star formation and 
galaxies through out osmic history. Hard work, but very interesting...  



Metallicities (Examples from X-shooter GTO)
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GRB100219A, z=4.669

Z = 0.1 Zsun

D’Elia et al. (2010), Thöne et al. (2012); Sparre et al. in prep.; D’Elia et al., in prep; Savaglio et al (2012)
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GRB120327A, z=2.8142

Z = 0.1 Zsun
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QSO sightlines

GRB sightlines



Thanks for your attention... 

Astronomisk.dk


