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The First Gamma-ray Burst (GRB)
Observed with Vela Spacecraft
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NASA’s Four Great Observatories:

Launch - End
Hubble Space Telescope 1990 - ~2015

Compton Gamma-Ray Observatory 1991 - 2000
Chandra X-Ray Observatory 1999 - ~2020
Spitzer Space Infrared Telescope 2003 - ~2015
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WARVELENGTH 0.0005 ; 10,000 5,000,000,000

nanomelters

ENERGY 2,480,000 2,480 : 0.000000248
4 electron volts




1991 - CGRO

NASA launched the
Compton Gamma Ray
Observatory (CGRO)

GRO Instruments
COMPTEL




Burst and Transient Source Experiment

(BATSE) on the Compton Observatory
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BATSE Detector Module
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Diversity of GRB Profiles
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NUMBER OF BURST:

Two Distinct subclasses of y-ray bursts:

short/hard & long/soft
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X-ray Objects in the Sky




radio continuum (2.5 GHz)
AR, SN Yoy
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From BATSE Observations:

The Gamma-ray Burst Distribution
IS not like that of
any known Objects in our Galaxy
and thus they are likely at
Cosmological Distances*

* - Near the Edge of the Observable Universe



1992-1996:
Hiatus in the GRB Field

- A Breakthrough is needed



Observational Breakthrough in 1997:
BeppoSAX

 Italian/Dutch satellite
detected GRB 970228
and an X-ray source at
the same position that
decays over time.

« Avisible light afterglow
was found at the same
position.




Observational Breakthrough in 1997:
BeppoSAX Satellite

Feb. 28, 1997 Mar. 3, 1997

GRB970228 : X-ray Observations
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Mar. 5, 1997

Hubble Space Telescope Image of
GRB970228

(Note Faint, Fuzzy Galaxy to Lower Right)



GEE 370503 Optical Counterpart

Falomar Obzervatory




GRBs are the Most Powerful
Objects in the Universe!

GRB 990123 power (calculated from its peak
magnitude and red-shift) was ~2x10°* ergs/sec

= 3 Billion Galaxies’ Total Energy Output per sec
(1 Galaxy = 100 Billion stars)




GRBs: The Most Distant Objects in the
Universe

Age of the Universe (billions of years)
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Conditions for Collapsar (Hypernova)

> At least 40 M. .. to ’ J‘”\! L
L N |

sun

form a black hole

» Star must be rapidly
rotating to develop an
accretion torus
launching a jet




Forward Shock (wide jet)
t>800s
R~10" cm

Forward Shock (narrow jet)
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Model of a Gamma-ray Burst




Gamma_Ray Bursts gamma-rays are produced when
. (Imaginary Picture)

the jet (close to the light speed) breaks
out from the stellar envelope

accretion
disk

black hole

7

<

about 100km

A black hole, accretion disk and jet are
™ formed by the gravitational collapse of

s the stellar core R :
yovie ® . A very massive star (more than 20 solar mass),

. i e ‘ whose outer envelope (hydrogen and helium) has
Kyoto University, T. TOTAN| " been removed
- » »

-




GRB Energy is Directed (Beamed)

 Many high energy
objects in the early
universe produce jets.

« If ajetis pointed at
Earth, the energy would
be concentrated like a
flashlight beam.




Did a Gamma-ray Burst Kill the Dinosaurs??

NASAP.L.T. Leonard




The End
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