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GRBs – The furthest away and most 

energetic events since the BIG BANG!

Discovery and history of exploration

How do we study them today?

What actually are GRBs?!

What can we learn from them?
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2 options:

1. GRB sources located in an 
extended Galactic Halo

2. GRBs are cosmological events

BURST AND TRANSIENT SOURCE EXPERIMENT

(BATSE)
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REDSHIFT, DISTANCE & THE EXPANDING 
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COSMOLOGICAL REDSHIFT



COSMOLOGICAL REDSHIFT

http://www.astro.ucla.edu/~wright/CosmoCalc.html



OPTICAL COUNTERPARTS



CONCLUSION…

GRBs must be EXTRAGALACTIC



TYPICAL SCALES



∼ 385 000 km

tl ∼ 1 second

EARTH – MOON



∼ 150 000 000 km

tl ∼ 8 minutes

EARTH – SUN



∼ 4 x 1013 km = 1.3 pc

tl ∼ 4.3 years

EARTH – ALPHA CENTAURI



∼ 0.77 Mpc

tl ∼ 2.5 million 
years

EARTH – NEAREST GALAXY



∼ 3 Gpc

tl ∼ 9.8 billion 
years

EARTH – FURTHEST SUPERNOVA



∼ 4 Gpc

tl ∼ 13 billion 
years

EARTH – FURTHEST GRB



SWIFT – http://swift.gsfc.nasa.gov

Launched 2004

Detection rate around a few GRBs per week

Highest redshift z=6.3



SWIFT



SWIFT

Deepest Supernova



GRB PROPERTIES
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jet break time tj



GRB PROPERTIES

1 erg = 10-7 J
= energy of a 

flying mosquito

Typical peak energy: 1052 ergs

How many light bulbs is that…?!



GRB PROPERTIES

tjet

Jet break time allows us to calculate the opening angle 
of the highly relativistic cone-shaped outflow



GRB MODEL



WHAT CAUSES GRBs?



GRB – SUPERNOVA LINK

But what’s the use of GRBs and Supernovae…?



GRB – SUPERNOVA LINK

They can be used to probe the shape and fate of 
the Universe



THE SHAPE OF THE UNIVERSE

CLOSED OPEN FLAT



THE FATE OF THE UNIVERSE



THE FATE OF THE UNIVERSE

How can GRBs help?



GRBs AS STANDARD CANDLES

Recent work has 
identified potential 
properties of GRBs 
that may allow them to 
be used as standard 
candles

The ‘Ghirlanda’ Relation



Hubble Diagram for SN and GRBs

Excellent agreement with SN

OBSERVATIONAL DATA



Hubble Diagram for SN and GRBs

GRBs allow us to 
extend our confidence 

in models to much 
higher redshift

OBSERVATIONAL DATA



OBSERVATIONAL DATA



PROBLEMS WITH GRBs AS STANDARD CANDLES

GRBs are detected very frequently but accurate 
enough data only available for a very few sources
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PROBLEMS WITH GRBs AS STANDARD CANDLES

GRBs are detected very frequently but accurate 
enough data only available for a very few sources

Very new field – progenitors not fully understood

Researchers may be guilty of looking for patterns 
where they don’t actually exist

BUT!! Very vibrant research field with great potential!



GRBs AND GRAVITATIONAL WAVES

Gravitational wave sources 
include inspiral mergers and 
formation of black holes…
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GRBs AND GRAVITATIONAL WAVES

Gravitational wave sources 
include inspiral mergers and 
formation of black holes…

GRBs should be the perfect 
candidate!

…although large distances 
are a disadvantage



OTHER GAMMA RAY SOURCES

Solar flares



OTHER GAMMA RAY SOURCES

Cosmic rays interacting with the Earth’s atmosphere



OTHER GAMMA RAY SOURCES

Magnetars – Neutron stars with exceptionally strong magnetic fields



CLOSER TO HOME…

What if a GRB went off in our galaxy…?!



CLOSER TO HOME…



CLOSER TO HOME…

Soft Gamma Repeaters



Fiona Speirits, Dept. of Physics and Astronomy


