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What do we 
observe?�









Credit:	  Davide	  De	  Mar*n	  



By	  Hubble/Chandra/Spitzer	  



GRB	  080319B	  
	  
Z	  ~0.94	  
7.5	  billion	  years	  ago	  
	  
Visible	  by	  naked	  eye!	  
	  
1017	  brighter	  than	  our	  
sun	  



Too much 
energy ?�

V	  ~	  99.99	  %	  C	  





hJp://www.nasa.gov/centers/goddard/mov/97789main_GRBstar2.mov	  



Gamma-‐Ray	  Bursts	   Supernovae	  

Compact	  Merger	  

Massive	  Star	  

White	  Dwarf	  

ESO	  



How do we 
study them?�
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Skymapper	  @	  SSO	  





Why do we 
care?�

Extreme conditions�



hJp://www.universetoday.com	  	  	  	  	  Credit:	  North	  Arizona	  University	  



BANG!	  

520	  million	  years	  

13.7	  billion	  years	  

4.2	  billion	  years	  

1	  light	  year	  

4	  x	  1010	  light	  year	  

3	  x	  1011	  light	  year	  



Calan/Tololo 
(Hamuy et al,  
A.J. 1996)
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Hubble	  Diagram	  

PerlmuJer	  et	  al	  1999	  



Chen	  et	  al	  2005	  

z	  ~	  4	  

Penprase	  et	  al	  2006	  



Open Questions�

GRB – SN connection �
Better standard candle�

…�


