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Gamma-ray bursts (GRBs) are among the most fascinating occurrences in the universe.
They are powerful explosions, visible to high redshift, and thought to be the signature of
black hole formation. The Swift Observatory has been detecting 100 bursts per year for 3
years and has greatly stimulated the field with new findings. Observations are made of
the X-ray and optical afterglow from ~1 minute after the burst, continuing for days.
Evidence is building that the long and short duration subcategories of GRBs have very
different origins: massive star core collapse to a black hole for long bursts and binary
neutron star coalescence to a black hole for short bursts. The similarity to Type II and Ia
supernovae originating from young and old stellar progenitors is striking. Bursts are
providing a new tool to study the high redshift universe. Swift has detected several
events at z>5 and one at z=6.3 giving metallicity measurements and other data on

galaxies at previously inaccessible distances. The talk will present the latest results from
Swift in GRB astronomy.
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Swift GRB 070420

BAT prompt emission
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Long GRBs
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GRB Host Spectroscopy

GRB 050505
z=4.275
Damped Lya
N(HI)=10?2 cm
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Savaglio 2006

Metallicity vs Redshift
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flux density (107"® erg s~ cm™2 A™)
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GRB 060218: GRB + Supernova

Trigger 00191157000 15-100 keV
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Afterglows




Typical Swift X-ray Lightcurves
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Achromatic Jet Break - GRB 060526
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Puzzling Data
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¢ Many GRBs do not show jet breaks

* In other cases, optical and X-ray
breaks are not coincident.

« Complex shape of afterglow lightcurves
makes jet breaks hard to find

Other new papers:

Curran et al. (astro-ph 0706.1188) - evidence
for achromatic breaks in several Swift GRBs

Oates et al. (astro-ph 0706.0669) - GRB 050802
case with X-ray break clearly seen but no optical
break




Short GRBs



Short GRB Time Stru»cture
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Short GRB - Current Status

Swift short GRB observations

- 23 short bursts detected (+ 2 from HETE, +1 from INTEGRAL)
- 78% with X-ray afterglow detected by XRT (95% long GRBs)
- 28% with optical detection (58% long GRBs)
- ~50% with host IDs

~1/2 shorts accompanied by soft |
extended emission up to 100 sec

Redshift range from z = 0.2 to 1

B <Z>short = 0.6
- <2 = 2.3
GRB 070714B z=0.92
(Graham et al. 2007)
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3 Types of GRBs
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Implications for Grav. Wave Detections

Gravitational radiation from an inspiral event
M; = M;= 1.4 solar mass
Time = 0.15 seconds

Assuming all short GRBs are due to NS-NS
mergers, merger rate is ~300 Gpc3 yr!

[Concsistent with NS-NS population synthesis
modeling O'Shaughnessy, Kalogera, &
Belczynski (2005)]

—> Advanced LIGO detection rate of ~30 yr-!

Nakar et al.:
Possible much higher rates of 10° Gpc yrl.

—> Detection with enhance LIGO

Swift will be in orbit unti! > 2020 - o e






