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Boston Skyline at Night from www.globeimages.net



Boston Skyline at Night on July 4th.  Photo from www.bostonteapartyship.com



Magellan (Chile)

MMT (Arizona)

VLA (NM)



Overview

• Types of Explosive Events
– Supernovae
– Gamma Ray Bursts
– Tidal disruption of stars by really big black holes

• Methods of Detection
• What is known / open questions



The Dynamic Sky….
              



Chaco Canyon, NM
SN 1054



Crab nebula, SN 1054
Image courtesy of NASA









A. Riou











Supernova GRB





Signed in Moscow by the Soviet Union, the United States and the United Kingdom:

… to prohibit, prevent, and not to carry out any nuclear weapon test:

(a) in the atmosphere; beyond its limits, including outer space; or under water …

Limited Nuclear Test Ban Treaty (1963)



The Vela Satellites (1963-1970)

Velar [vay-lar’]:  
To watch; to guard









The First Gamma-Ray Burst





Theories (1973-1993)

135 theories, less than 100 GRBs!

Short duration & high energy:
- New type of supernova? 

- Giant stellar flares? 

- Matter/anti-matter annihilation? 

- Meteor/comet impacts on compact objects?

- Neutron stars?  Colliding, merging, 
collapsing? 

- Black holes?  Colliding, merging, evaporating?

- ... interstellar warfare?
Uncertainty in distance by a 

~1012



Compton γ-Ray Observatory (1993)
Result 1:
GRBs uniformly distributed on the 
sky

BATSE

COBE



Compton γ-Ray Observatory (1993)

Result 2:
Two types of GRBs:  long and short

BATSE



Prompt Emission vs. Afterglow

Afterglow

GRB



The Discovery of Afterglows

• Soft X-ray response 
• 100× more accurate than CGRO 
• Delivery time of ~hours

BeppoSAX (April 30, 1996)

February 28, 1997



Optical Afterglows



Redshift:  A Distance Indicator

z = (λobs−λem)/λem          cz = H0×d

Low velocity (nearby)

High velocity (far away)

At rest



The Swift Satellite

• Event rate ~100/yr
• Positions ~1-5″
• Alerts within ~60 sec
• Lifetime ~2015

UV/Optical 
Telescope

Burst Alert  
Telescope

X-Ray 
Telescope

November 20, 2004





GRB Redshifts:  Cosmological Origin

z = 0.835
      7 Gly

z = 4.0514     12.1 Gly

•GRBs are cosmological
•The energy release is ~1054 erg  = 

rest-mass of a solar-mass object



GRBs as Cosmological Tools Cosmic ReionizationGRBs as Probes of First Galaxies

z ≈ 8.26 (625 Myr)

z ≈ 9.4 (525 Myr)

GRBs can be used as “flashlights” to probe 
the composition of high redshift galaxies



z = 8.2 ⇒ 630 Myr after the Big Bang 
4.6% of the current age of the Universe



2.  Association with core-collapse supernovae

Long GRBs:  The Death of Massive Stars



Short GRBs

short long Short GRBs have a similar flux 
to long GRBs, but short 
duration leads to less photons 
⇒ more difficult to localize



• No active star formation (?)
• Stellar population >1 Gyr
⇒ short GRBs are produced by an old stellar population

NS-NS binaries?



Gravitational Waves 

⇒

LIGO



Probing Black Holes…
              







Rees 1988 (Nature)



NASA/CXC/Warwick/A.Levan et al.

GRB 110328A



Nature (2011)



NASA/CXC/Warwick/A.Levan et al.

Positional Alignment

Nature (2011)



Why radio astronomers need to 
observe at many frequencies!





Thanks!
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