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Discovery
Vela 5 a/b (launched in 1969) and Vela 6 a/b 
were each pairs on opposite sides of a 
circular orbit 250,000 kilometers in diameter. 
 Gamma-ray detector 60 cm3 of CsI.  Events 
could be timed to an accuracy ~ 0.2 s, 
sometimes as good as 0.05 s.

The direction angle to the event with respect 
to the line between a pair of satellites could 
thus be determined to about 1/5th of a radian 
based on the difference in trigger times for 
the two satellites.

In 1973, Klebesadel, Strong, and Olsen 
published a paper describing 16 cosmic 
gamma-ray bursts observed in 1969-72.



  

Discovery

1970 August 22 burst 
from Klebesadel et al. 
(1973).

Burst durations ranged 
from 0.1 s to 30 s.  

Burst fluences ranged 
from 10-5 erg cm-2 to 
2×10-3 erg cm-2.

Peak of spectrum above 
10 keV maybe up to 10 
MeV.



  

Interpretation of Early Bursts

Main question was Galactic or extra-Galactic.

Galactic: distance ~ 10 kpc, total energy ~ 1041 – 1043 erg

Extragalactic: distance ~ 10 Mpc, total energy ~ 1047 – 1049 erg



  

BATSE 
Bursts

BATSE operated for 9 
years and detected 2704 
bursts.

Huge variety of GRBs 
varying on time scales 
from 10-3 to 103 
seconds.

Bright bursts were 
localized to an accuracy 
of 2° dim ones to 10°.  
This prevented 
identifying X-ray or 
optical counterparts.



  

Isotropy

First 153 bursts: <cos θ> = -0.002 ± 0.006,  <sin2 b> = 0.310 ± 0.006

For isotropic: <cos θ> = 0.0, <sin2 b> = 0.333



  

Flux distribution
Cmax is burst maximum count 
rate, Cmin is trigger threshold.

V/Vmax = (Cmax/Cmin)-3/2

For homogeneous distribution, 
expect log(N>S) vs log(S) to 
follow  –3/2 power law and 
<V/Vmax> = 0.5 .

Find  <V/Vmax> = 0.35±0.02 and 
deviations from -3/2 power law.

Conclude GRBs are isotropic, 
but not homogeneous.



  

Long vs Short GRBs

Characterize burst durations by T50 and T90.  These are the 
minimum time intervals in which 50% or 90% of the burst 
fluence is contained.



  

BeppoSAX

Italian-Dutch X-ray 
astronomy satellite.

Launched 1996.

Carried several X-
ray instruments.

For GRBs, the critical instrument turned out to be the Wide Field 
Cameras: X-ray detectors sensitive over 2-30 keV with a field of 
view 20° × 20° source location accuracy of ~1'.



  

First BeppoSAX WFC Burst

WFC light curve (top), GRB monitor light curve (bottom), narrow 
field instrument image (right) from Costa et al. 1997.



  

First GRB Optical Counterpart

Found decaying optical source 
inside BeppoSAX NFI error circle.

Found to lie near a faint and distant 
galaxy.



  

GRB970508 – Absorption Lines: z=0.835
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Host Galaxy Detected for GRB970508



  

GRB Redshift

Redshifts either measured for host galaxy after burst, or from 
absorption lines in optical after glow of the burst itself.

Clearly most bursts are at cosmological distances.

In BeppoSAX era, all bursts with afterglows and optical 
counterparts were long bursts.



  

Holland  2001

Host 
Galaxies

Hosts have high star formation 
rates and are generally similar to 
other star-forming galaxies at 
these redshifts.



  

Location of GRB within Host



  

Distribution 
Follows 
Stellar
Distribution

The environments of 
GRBs show higher gas 
densities, higher 
metallicities, and 
higher dust content than 
random locations in 
host galaxies.

Suggests that GRBs 
occur in star forming 
regions.

Location of 
GRB within 

Host



  

GRB Locations

• GRB hosts are star-forming galaxies

• GRBs trace the stellar distribution (in distance 
from galaxy center)

• GRBs occur in dense environments (probably 
star forming regions)

• Suggests long GRBs are associated with star 
formation and occur promptly after star 
formation



  

Connection of GRBs to Supernovae

SN 1998bw was found in the 8’ error 
circle of GRB 980425 in observations 
made 2.5 days after the burst.

A slowly decaying X-ray source was 
subsequently found in the same galaxy 
(z = 0.0085) and identified with the 
GRB.

However, the GRB was very 
underluminous and the SN was very 
usual with parculiar line emission (no 
H, no He, no Si at 615 nm.  

Radio emission a few days after GRB 
indicated relativistic outflow with 
energy ~ 3×1050 erg.

Thought to be oddball GRB and SN.

Host galaxy of SN 1998bw



  

GRB030329 and SN 2003dh

Clear spectroscopic 
signature of a SN, broad 
emission lines, found after 
decay of afterglow of 
GRB030329.

“Smoking gun  linking ”
GRBs and SNe.



  

GRB - Supernova

Only a tiny fraction of SN are observed to be GRBs



  

Massive Star Collapse

• Massive star collapses, forming NS or BH
• Matter briefly forms accretion disk around compact object
• Accretion disk produces collimated relativistic outflow
• Beamed outflow makes GRB, supernova explosion accompanies



  

Short GRBs

Short GRBs associated with elliptical galaxies. left: GRB 050509B; z=0.226 (Gehrels et al. 
2005; Bloom et al. 2006a), the red and blue circles are BAT and XRT error boxes, 
respectively; Right: GRB 050724; z=0.257 (Barthelmy et al. 2005b; Berger et al. 2005a)



  

Host Galaxies of Short GRBs

GRB050509 GRB050724GRB050709

GRB050813 GRB050906

http://nedwww.ipac.caltech.edu/S2/980820s/s133/g133_150_005139.jpg


  

Properties of Short GRBs
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• Found in both elliptical and star forming galaxies
 

• No evidence for supernova emissions

• Offset from host galaxy



  

Mergers

Binaries must evolve 
before merger and binaries 
have non-zero speeds due 
to kicks in compact object 
formation.

Thus, GRBs can occur in 
outskirts of or even far 
from host galaxy.



  

High z GRBs

• Highest z from GRB is 8.26.

• GRB is briefly bright in 
optical/IR as well as gamma-rays 
due to afterglow.

• Can use spectroscopy of GRB to 
study properties of host galaxy and 
any intervening galaxies (like QSO 
absorption lines).



  

Next week

• No class on Monday, December 3

• Project final draft on December 5 (one week from Wednesday)

• Project presentations on December 5

– 1:30 pm Brorby and Griffiths

– 2:00 pm McCoy and Scheiner

– 2:30 pm Allured and Marlowe

– 3:00 pm De Pascuale and DeRoo 

– 3:30 pm Butterfield and Savage

– 4:00 pm Lodvici and Toomey 
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