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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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BURST AND TRANSIENT SOURCE EXPERIMENT
(BATSE)
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BURST AND TRANSIENT SOURCE EXPERIMENT
(BATSE)
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2 options:

1. GRB sources located in an
extended Galactic Halo

2. GRBs are cosmological events
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REDSHIFT, DISTANCE & THE EXPANDING

UNIVERSE
400 ; 600

QBJECT RECEDING: QBJECT APPROACHING:
LONG RED WAVES SHORT BLUE WAVES




REDSHIFT, DISTANCE & THE EXPANDING
UNIVERSE
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COSMOLOGICAL REDSHIFT




COSMOLOGICAL REDSHIFT

Tuifesaues htabutan For Hy =71, Omegaps = 0.270, Omegayse = 0.730, £ = 3.000
# Ttiz now 13,666 Gyr since the Big Bang.
* The age at redshift z was 2. 190 Gyr.
+ The light travel time was 11,476 Gyr.
* The comowving radial distance, which goes into Hubble's law, 15 6460 6 Ipc
* The comowing volumne within redshift 212 1129 524 Gpl::E.
¢ The angular size distance Dig 12 16151 Mpce or 5. 2678 Gly.
* This gives a scale of 7 830 kpco™.
¢ The luminostty distance Dy 15 2584 1.7 Mpc or 84,285 Gly.

Open sets Otnegay.: = 0 giving an open Universe

[if you entered Omegang < 1] N 1 Gly = 1,000,000,000 light years or 9.461*10% cm,
Flat sets Omegaya:; = 1-Omegapg giving a flat 1 Gyr = 1,000,000,000 years.

Mnnsee, 1 Mpe = 1,000,000 parsecs = 3.08568%10°% cm, or 3,261,566 light years.
General uses the Omegay,. that vou entered.

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




OPTICAL COUNTERPARTS

Gamma Ray Burst GRB990123
Hubble Space Telescope * STIS

PRC93-09 - 5TSc| OPO = A, Fruchler (STScl) and NASA




CONCLUSION...

GRBs must be EXTRAGALACTIC



TYPICAL SCALES




EARTH - MOON
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EARTH - ALPHA CENTAURI
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EARTH - NEAREST GALAXY
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EARTH - FURTHEST SUPERNOVA
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EARTH - FURTHEST GRB
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SWIFT - http://swift.gsfc.nasa.gov

»Launched 2004

» Detection rate around a few GRBs per week

» Highest redshift z=6.3

amma-ray Burst Real-time Sky Ma

Burst Detalls

Burst ID:

Burst date:

Burst time of day: (UTC)
Detecting Mission:

Burst Description:

lew Burst <

Burst [ist

Burst ID

GREB 070208A

GRE 0701294 F

GRE 0701264 F Swift
GRB 0701254 F 4 IMNTEGRAL
GRB 0701248 F Konus-¥ind
GRE 0701104 :

GRE 070107 A

GREB 0701034

GRB 0612228

GREB 0612228

oD AR13108




&

0
\\\\\\\\;




&

/e
\\\\\\\\5




GRB PROPERTIES
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GRB PROPERTIES
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GRB PROPERTIES
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GRB PROPERTIES

Typical peak energy: 10°2 ergs 1erg =107]
= energy of a
flying mosquito

How many light bulbs is that...?!




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



GRB MODEL

GRB FIREBALL MODEL"--

Pre- Burst
E ~1091-1054 ergs

{7 Shoc
~ Formation| %

-9 LA,
R~3x1012em T~ 3x103 & =

R~101%cm




WHAT CAUSES (GRBs!

G RB ‘—»Hyperaccreting Black Holes (current paradigm)

NS - NS
merger

NS/BH - He core merger
after common envelope

M. Ruftfert, H.-Th. Janka, 1928

BH - NS
merger

-~ "\-\.}“
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collapsar =
rotating, collapsing
"failed"” supernova

Meszaros, OECDDZ




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




THE FATE OF THE UNIVERSE
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THE FATE OF THE UNIVERSE
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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

0.4 ue UGB
Log [E_{1+z)/100 kaV]

The ‘Ghirlanda’ Relation



OBSERVATIONAL DATA

Hubble Diagram for SN and GRBs



OBSERVATIONAL DATA

GRBs allow us to

extend our confidence

in models to much

higher redshift

Hubble Diagram for SN and GRBs



OBSERVATIONAL DATA




PROBLEMS WITH GRBs AS STANDARD CANDLES

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



PROBLEMS WITH GRBs AS STANDARD CANDLES

»Very new field - progenitors not fully understood



PROBLEMS WITH GRBs AS STANDARD CANDLES

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



PROBLEMS WITH GRBs AS STANDARD CANDLES

»BUT!! Very vibrant research field with great potential!



GRBs AND GRAVITATIONAL WAVES

» Gravitational wave sources
include inspiral mergers and
formation of black holes...




GRBs AND GRAVITATIONAL WAVES

» Gravitational wave sources
include inspiral mergers and
formation of black holes...

» GRBs should be the perfect

candidate!



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...

L e ' e, G
m".:“-'}.:ﬂ "" 'r* *“{m .-3: ol 3,-‘._.::-..

@ 2000, Axel Mellinger

What if a GRB went off in our galaxy...!!



(families per million years)

CLOSER TO HOME...
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CLOSER TO HOME...

Soft Gamma Repeaters
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