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released by the rest of the Universe at the 
same time!   

Once or twice a day we see a burst of  low 
energy gamma-rays from the outer  space 
lasting  for a few seconds.   

Wednesday, September 7, 2011



The energy released during a burst (~1051 
erg within a few seconds) is only a few 
orders of magnitude below the energy 
released by the rest of the Universe at the 
same time!   

Once or twice a day we see a burst of  low 
energy gamma-rays from the outer  space 
lasting  for a few seconds.   

GRBs are  the (electromagnetically) brightest 
objects in the Universe. Only ~8 orders of 
magnitude less then the theoretically maximal * 

luminosity (c5/G)~1059 erg/sec .
* Up to relativistic corrections. 
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GRBs are good  for many things:
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GRBs are good  for many things:
bad

Determining the high redshift history of 
the universe ? 
Destroy Life on Earth (mass extinction) ??
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GRBs are good  for many things:

Determining the high redshift history of 
the universe ? 
Destroy Life on Earth (mass extinction) ??
Creat Life on Earth (trigger planet 
formation)?
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Properties

 Duration 0.01-1000s

 ! Two populations (long and short)
 1 burst in 2×107 years/galaxy ! ! ! ! !             
 3 ×105 years/galaxy with beaming!                 
 ~10keV – 10 MeV
 ! (non thermal spectrum)

 ! (very high energy tail, 
 ! up to GeV)
 Rapid variability  

 ! (less than 10ms)
  Typical energy ~1052 ergs
 Followed by multiwavelength   

      Afteglow
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What is the origin 
of GRBs?
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The (long) GRB-Supernova connection
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The (long) GRB-Supernova connection
•Observational indications

• Long GRBs arise in star 
forming regions (Paczynski 
1997)  

• Association with Sne (Ibc) 
Galama et al.  1998 

• SN bumps.
• GRB030329-SN 2003dh

1998bw-
GRB980425
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SNe of GRBs
Very bright (Hypernova) – but not unique
Broad lines (high velocity  outflow >0.1c) 
Possibly engine driven (Soderberg) 

Soderberg Soderberg 
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Short GRBs – e.g. GRB 050509b
Swift/XRT position intersects a bright elliptical at z = 0.226 
(but also contains >10 higher redshift galaxies);  No optical/radio 
afterglow

Bloom et al. 2005
Castro-Tirado et al. 
2005
Gehrels et al. 2005
Hjorth et al. 2005

IF elliptical host
⇓

Progenitors 
related to an old 
stellar population

Kulkarni et al. 2005
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Neutron star mergers as 
progenitors of short GRBs (Eichler 

Livio Piran, Schramm, 1988)

Magnetic field jet arising 
from NS merger Rezolla 

et al., 2011

NS merger 
simulations Price & 

Rosswog 2007
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Price & Rosswog
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Price & Rosswog
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Price & Rosswog

Wednesday, September 7, 2011



Price & Rosswog

R process material
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Confirmation only with 
detection of 
Gravitational radiation

Price & Rosswog

R process material
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Prologue

 Several times during the 
short history of GRBs just 
when we thought we 
understood something 
Nature showed us to be 
wrong. 
 This may be one of these 
cases…
 Or maybe not?
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The Collapsar Model
(Woosley 1993, MacFadyen & Woosley 1998) 
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The Collapsar Model
(Woosley 1993, MacFadyen & Woosley 1998) 

Zhang, Woosley & 
MacFadyen 2004
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Jet Simulations 
(Obergaulinger, Piran + 11)

Opening angle of 15o 
degrees at 2000 km
into a star of 15 solar 

masses and solar 
metallicity. Constant 

energy injection rate,   
5 * 1050erg /s, through 
the entire run of the 

model. Lorentz factor at 
injection 7
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Disruption of the Stellar envelope 
by the jet  - Genet, Livne, Obergaulinger 

& TP 2011

About one 
solar mass 
is ejected 

non 
spherically 
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Reverse 
shock
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Collimation

Shock – 
(Radiation 
mediated)
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Jet breakout time
(Bromberg Nakar, TP, Sari 11 ApJ in press)
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The engine must be active until 
the jet’s head breaks out!*

Jet breakout time
(Bromberg Nakar, TP, Sari 11 ApJ in press)
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Jet Simulations - A Failed 
Jet (Obergaulinger, Piran + 11)

Opening angle of 15o 
degrees at 2000 km
into a star of 15 solar 

masses and solar 
metallicity. Constant 

energy injection rate,   
5 * 1050erg/s, for 2 

seconds. 
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Tengine = TB+T90

TB T90

Tengine
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Tengine = TB+T90

TB T90

Tengine
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Tengine = TB+T90

TB T90

Tengine

Unli
kely
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T90 = Tengine - TB
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Distribution of T90 for Swift 
Bursts vs Energy
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Distribution of T90 for Swift 
Bursts vs Energy

T90>TB ➔
LGRBs must 
have small 
progenitors

(e.g. WR stars 
who lost 
their H 

envelope) 
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Distribution of T90 for Swift 
Bursts vs Energy

Short GRBs
Cannot be 
produced in 
Collapsars
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Distribution of T90 for Swift 
Bursts vs Energy

Short GRBs
Cannot be 
produced in 
Collapsars
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Distribution of T90 for Swift 
Bursts vs Energy

Low 
luminosity 
GRBs  - 
llGRBs

98bw
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Low Luminosity GRBs - llGRBs
• Low luminosity GRBs: 

•   Eiso~1048-1049 ergs  

•  Smooth single peaked light 
curve.

•  Soft Emission (Epeak <150 keV)  

•  T90~ 10-1000 sec Wide opening 
angle θ>20º (otherwise rate will 
exceed type Ibc)   

• All GRBs associated with SNe 
apart from GRB 030329 are 
llGRBs 
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The local GRB rate and luminosity 
function (Wanderman & Piran) 

SN Ib/c

Long

Short

llGRBs

The rate of 
llGRBs is 
comparable to 
the rate of 
type Ibc 
broad line Sne 
(Soderberg et 
al., 2006)
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Almost ALL GRBS
 accompanied by SNe 

are
llGRBs

Wednesday, September 7, 2011



llGRBs associated with SNe

ʘ

• Only the longer bursts may originate from  jets which 
break out of the star.

• Shorter duration low luminosity bursts cannot arise from 
a jet breaking out from a star!
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T90/tb

llGRBs don’t arise from Collapsars
(Bromberg Nakar, TP 11 ApJL in press)
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What are llGRBs? 
A weak jet which fail to break (“a failed GRB”) 
lwhat we observe is the shock breakout form the 
stellar envelope.
For a detailed model see Nakar & Sari, 2011. 
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Distribution of T90 for Swift 
Bursts vs Energy

Wednesday, September 7, 2011



Distribution of T90 for Swift 
Bursts vs Energy

Are most 
single peaked 
GRBs llGRBs?
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So:
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time are required for a jet to cross the 
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So:
Minimal break energy and minimal engine 
time are required for a jet to cross the 
stellar envelope. 

Common low energy GRBs with T90~ 10 sec 
cannot be produced by Collapsars. They are 
“failed GRBs”.
This suggests a revision of the SN-GRB 
association that is based now only one clear 
event: GRB030329 - SN 2003dh.
 But 

…                                              ? 
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ΣΠΑΣΤΑ ΟΛΑ
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Short Long
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Predictions of the 
Collapsar model
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Short Long
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A second look

This provides the first direct observational 
proof of the Collapsar model.
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A large number of “failed or Choked” jets - 
a “failed GRB” ✔
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Short (Non-Collapsars) 
GRBs

Collapsars
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Short (Non-Collapsars) 
GRBs

Collapsars
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Short (Non-Collapsars) 
GRBs

Collapsars

Wednesday, September 7, 2011



Short (Non-Collapsars) 
GRBs

Collapsars

Short Swift jet with T90>0.7sec are not short!
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Short (Non-Collapsars) 
GRBs

Collapsars

Short Swift jet with T90>0.7sec are not short!
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Determining the rate of 
NS merges from Radio 

Flares -  Electromagnetic 
signals that follow the  
Gravitational Waves  
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Basic ingredients of the Model

Numerous numerical 
simulations show that 
NS merger eject Sub - 
or Mildly relativistic 
outflow with E~1049 erg
Lorentz factor (Γ-1)≈1 
Interaction of the 
outflow with the ISM
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Dynamics

log t

log R Sedov-Taylor

days
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Radio Supernova 
e.g. 1998bw (Chevalier 98)

ee=εee
eB=B2/8π=εBe
N(γ)∝ γ-p    for γ> γm

p=2.5 - 3
γm= (mp/me)ee (Γ-1)
ν=(3/4π)eB γ2

Fν=(σTc/e)NeB
Tycho's supernova remnant seen at radio wavelengths

Wednesday, September 7, 2011



Frequency and Intensity
(Nakar, TP 11 Nature in press)
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The light curve

tdec

Text

ν

tdec

νm
νa
νeqνobs

tt

Fν
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Detectability
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The Bower Transient
19870422

5GHz  
0.5mJy 
(<0.036 mJy) 
tnext =96 days 
1.5’’ from the 
centroid of 
MAPS-
P023-0189163 
a blue Sc 
galaxy at 
z=0.249 
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Summary 
llGRBs associated with most observed 
GRB-SNe are not from Collapsars!

However, the observed plateau in the 
duration distribution of LGRBs show that 
LGRBs arise from Collapsars!

Most Swift short GRBs are Collapsars (only 
those with less than 0.7 sec are suspect 
for Non-Collapsars)

Search for long lived Radio Flares may 
discover the rate ot NS - mergers with 
implications to short GRBs and detection of 
Gravitational Radiation
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