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Star-formation in a molecular cloud

Molecular cloud



Core-collapse in a rotating massive star in a binary

Molecular cloud

Core-collapse
(Woosley-Paczynski-Brown)



GRB-SN association from black holes as nuclei of massive stars

Molecular cloud

Core-collapse
(Woosley-Paczynski-Brown)

Jet through remnant envelope 
(McFadyen& Woosley’98)

Black hole-winds powering
ejection of remnant stellar 
envelope (van Putten 2003)



GRB-SN 011211 and 030329

 2002) Ghisellini (G. 104         52×≅rE Stanek, K., et al., 2003 astro-ph/0304173

GRB 011211 (z=2.41) Reeves et al. ‘02



Durations of GRB-SNe True energy in gamma-rays

Frail et al. ‘01

Phenomenology
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GRB-SNe event rate

prep)in  2003, Regimbau, &Putten (van   450 1/ 
2001) al.et  (Frail  500/1

rateevent -GRB Observed / true-but-Unseen
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Energy emissions from the torus

Asymptotic results for small slenderness

Burst of 4e53 erg in gravitational 
radiation over tens of seconds

4e52 erg in torus winds 
producing a supernova

Unseen burst of 6e54 erg in
MeV-neutrinos
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CalorimetryCalorimetry
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Rotational energy of black hole

Horizon dissipation Black hole output

Torus input Baryon poor outflows

Gravitational 
radiation

Torus
winds

Thermal and
neutrino emissions

Torus mass loss

GRB
3e50erg

SN remnant X-ray emission lines

SN
4e51erg

4γ
3γ

2γ

irradiation of envelope 

GWB
4e53erg



Observational opportunities for Adv LIGOObservational opportunities for Adv LIGO
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Matched filtering

Correlating two detectors



Lower bound on black holeLower bound on black hole--mass in GRB 030329mass in GRB 030329

Van Putten, Burst Digest (2003)
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Spp we use matched filtering and define “no detection”: S/N<1



nn Durations of tens of seconds in long durations stem from the lifDurations of tens of seconds in long durations stem from the lifetime of black etime of black 
holehole--spin (set by the Van spin (set by the Van PuttenPutten--Levinson stability criterion for the Levinson stability criterion for the torustorus).).

nn A GRBA GRB--SN event produces about 4e53 ergs in gravitational radiation at SN event produces about 4e53 ergs in gravitational radiation at a nominal a nominal 
frequency around 500Hzfrequency around 500Hz

nn A nonA non--detection of S/N<1 of GRB 030329 by matched filtering gives a lidetection of S/N<1 of GRB 030329 by matched filtering gives a limit 0f mit 0f 
25MSolar for its central black hole25MSolar for its central black hole

ConclusionsConclusions


