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The link with GW
• Link between gravitational waves and 

short GRBs 
 They have possibly the same progenitor : the 

coalescence of compact objects

 Rate estimation of simultaneous detection by 
gravitational wave and gamma ray needed

• Why getting a coincident detection ?
 Improving the confidence of a GW detection 

by ALV

 Improving knowledge about CBC progenitors

 Targeted search with sGRB as a trigger to 
detect fainter signal with ALV

 GW alert could increase the chance of an early 
detection

 Obtaining a direct value of the cosmological 
constant
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Process

Regimbau, Siellez et al., 2015
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Monte Carlo Simulations

Simulated sources with the following input parameters:
 Polarisation, sky position, inclination: Uniform distribution 
 Masses of each objects with a delta function. 

For NS : m = 1.4 M


and for BH: m = 10 M


 Beaming angle ϴB   =    [   5°- 30°]
 Intrinsic peak luminosity Lp : broken power law with paremeters derived from

population synthesis (Guetta et al. 2005, Hopman et al. 06, Wanderman et al. 14):

with

 Rest Frame duration : Gaussian distribution for log(Ti) derived from Zhang et al. 
2012  with <log(Ti)> = -0.46 and  σlog(Ti) 

= 0.502

 Redshift: Probability distribution of z
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Redshift selection and SFR

Regimbau, Siellez et al., 2015

Regimbau, Siellez et al., 2015

Different SFR:
Hopkins & Beacom 2006 (our
reference model), Fardal et al. 
2007, Wilkins et al. 2008, Springel 
& Hernquist 2003, Nagamine et 
al. 2006, Tornatore et al. 2007, 
Madau et al. 1998.
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BNS
NSBH
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Gravitational wave detection

SNR individual : 
Regimbau et al., 2012, arXiv:1201.3563

Coherent SNR:

with

AdV / aLIGO combined ET

𝜌2= 𝜌𝐴
2
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Gamma-Ray Bursts detection

Regimbau, Siellez et al., 2015

For Swift: 
Simulated sources and sGRBs observed

(Zhang, Z. B. et al. 2012, ArXiV: 1205.2411)

2.5 ph s-1 cm-2

1.5 ph s-1 cm-2

0.56 ph s-1 cm-2

To observe 100% [80%, 50%] of the sources before z~1:
Flim = 0.025 ph s-1 cm-2 [0.26, 1.3]
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ALV-Swift

ET – perfect detector

Simultaneous simulated rate

Regimbau, Siellez et al., 2015

Regimbau, Siellez et al., 2015
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New sample of sGRBs

• Sample based on Swift 
observations 
 Redshift measurement

• Derivation of a sample of 
"true short" bursts
 Use of the rest frame duration
 Selection by hardness ratio
 Bursts presenting a soft tail ?

Siellez et al., in preparation



Number of sGRBs : 31
 14 unknown
 8 no plateau phase
 9 with plateau phase
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New sample of sGRBs

Siellez et al., in preparation
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Data analysis

• Instruments used
 KONUS (GCN) : 8 sGRBs
 HETE-2 (GCN) : 1 sGRBs
 GBM+BAT:  7 sGRBs

- 3 sGRBs : Virgili et al. 2012, MNRAS, 
424, 2821.
- 1 sGRBs : Sakamoto et al. 2013, ApJ, 
766.
[+ 3 sGRBs : my own analysis
incoming.]

 BAT: 18 sGRBs analysed

• BAT Analysis
XSPEC + ftools
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Data analysis

• Instruments used
 KONUS (GCN) : 8 sGRBs
 HETE-2 (GCN) : 1 sGRBs
 GBM+BAT:  7 sGRBs

- 3 sGRBs : Virgili et al. 2012, MNRAS, 424, 2821.
- 1 sGRBs : Sakamoto et al. 2013, ApJ, 766.
[+ 3 sGRBs : my own analysis incoming.]

 BAT: 18 sGRBs analysed

• BAT Analysis
Utilisation XSPEC. 

GRB 060206
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Lpeak (z) : different satellites

Siellez et al., in preparation
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Lpeak (z) : Simulations Hopkins 06

Siellez et al., in preparation
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Lpeak (z) : Outlayers

Siellez et al., in preparation



15/06/05 Karelle SIELLEZ - SF2A PNHE/PNPS 2015 

Lpeak (z) : Different SFR models

Siellez et al., in preparation
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Lpeak (z) : Different SFR models

Siellez et al., in preparation
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Lpeak (z) : Different SFR models

Siellez et al., in preparation
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Lpeak (z) : Different delays

Siellez et al., in preparation
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Lpeak (z) : Different delays

Siellez et al., in preparation
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Lpeak (z) : : Different delays

Siellez et al., in preparation
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Lpeak (z) : Different delays

Siellez et al., in preparation
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Lpeak (z) : Distribution

Siellez et al., in preparation



 Simulations of the sGRBs observed, using the standard 
luminosity peak and redshift distribution 
=> impossible to reproduce the low-z low-Lpeak sGRBs

 New populations 
=> 2 populations of CBC ? Producing sGRBs

 More statistic ? Guiriec et al. 2015 (ArXiV:1501.07028)

 Influence on the coincident detection rate (Siellez et al. 
2014, MNRAS,437,649)
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Summary
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GW

CBC

Thank you … questions and comments are welcoming
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Sample of Zhang et al., 2012, ApJ, 755:55
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Sample of Zhang et al., 2012, ApJ, 755:55

Table of the sample of sGRBs with their observed duration T90 and intrinsic duration τ90, their spectral parametra
calculated thanks to their distance (redshift z). Références pour z : S sont les données issues de
la table Swift : http://swift.gsfc.nasa.gov/archive/grb_table.html/ ; [1] : Berger et al. (2013),
[2] : Sakamoto et al. (2013), [3] : Margutti et al. (2012), [4] : Fong et al. (2013), [5] : Fong et al. (2011), [6] :
Berger (2010), [7] : O’Brien & Tanvir (2009), [8] : Rowlinson et al. (2010), [9] : Fox & Ofek (2007), [10] : Leibler & Berger 
(2010), [11] : Berger (2009), [12] : Fox et al. (2005)..



Selection of short GRB 

Spectral properties : Band model Curve of light

Example

Low Energy : 
harder

Hight Energy : 
softer
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Gravitational wave efficiency

Regimbau, Siellez et al., 2014Regimbau, Siellez et al.,  2014

BNS (SNR=12)
BNS (SNR=8)
NSBH (SNR=12)
NSBH (SNR=8)

BNS
NSBH

ALV ET
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Efficiency for BNS – Perfect detector

Regimbau, Siellez et al., 2014Regimbau, Siellez et al.,  2014

Perfect detector:
DC = 100% ; FOV = 4π sr ;
Sensitivity: Infinite

ALV ET

SNR = 12
SNR = 8

•  𝜌𝑐
𝑜 ~0.06 𝑀𝑝𝑐−3𝑀𝑦𝑟−1

• ϴB = 30ᵒ, ϴB = 20ᵒ, 
ϴB = 15ᵒ, ϴB = 10ᵒ, ϴB = 5ᵒ.

1 – <cos(ϴB)> -
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Efficiency for BNS – Realistic detector

Limited by the GW detectors Limited by the flux threshold of the GRB 
detector

Regimbau, Siellez et al., 2014Regimbau, Siellez et al.,  2014

Realistic detector:
DC = 80% ; FOV = 1.4 sr ;
Sensitivity: Infinite, Flim = 0.56 ph s-1 cm-2, 
Flim =  1.5 ph s-1 cm-2, Flim = 2.5 ph s-1 cm-2 .

ALV ET

•  𝜌𝑐
𝑜 ~0.06 𝑀𝑝𝑐−3𝑀𝑦𝑟−1

• ϴB = 10°
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Constraints on the beaming angle

Regimbau, Siellez et al., 2014

Non biased estimator factor : 


