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Triggered Gamma-Ray Burst Searches
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Goal: Determine whether a GW signal is present in the data coming from the 
same point/patch in the sky and at the same time as an observed GRB

[hCps://gcn.gsfc.nasa.gov]



GRB 080905A

1. NS-NS progenitor:
expected SNR ~7.7
∼ 1% false alarm probability

60% chance of observing the 
signal when folding in 
distance information (vs. 3% 
for unknown distance)

2. NS-BH progenitor:
strong signal
either detected or progenitor 
excluded
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[Rowlinson	et	al.,	MNRAS	408,	383	(2010)]

Short GRB, z≃0.12, D≃550 Mpc; had advanced LIGO-Virgo been operating:
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Short GRB, z≃0.12, D≃550 Mpc; had advanced LIGO-Virgo been operating:

And more: 131004A (z ≃ 0.088), 090417A (z ≃ 0.088), 070923 (z ≃ 0.076), 
061201 (z ≃ 0.11)
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Advantage: knowing time and/or sky location simplifies analysis, lowers 
detection thresholds, reduces background ⇒ sensitivity increase

Challenge: performing a deep search (advantage + coherent search strategy)
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Complementary to EM follow-up program

?
GBM followup of subthreshold GW triggers (see talk by Adam Goldstein)



GRBs in the First Advanced LIGO Observing Run

Sep 12, 2015 – Jan 19, 2016: 110 GRBs
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Sep 12, 2015 – Jan 19, 2016: 110 GRBs
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Modelled: ~61% of short and ambiguous GRBs [61%/52% H1/L1 duty cycle]

Unmodelled: ~31% of GRBs with sky information [40% coincident duty cycle]



GRBs in the First Advanced LIGO Observing Run
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42 with GRB 150906B:

Sep 06, 2015 at 08:42:20 UTC

Detected by IPN

Short-duration/hard-spectrum 
GRB close to the local galaxy 
NGC3313 (z~0.0124, 
D=54Mpc)

Only LIGO Hanford on at the 
time [Levan	et	al.,	GCN	18263	(2015);	Dálya	et	al.,	(2016)]
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Results – GRB 150906B

Assuming a jet half-opening angle ≤ 30o and a [-5s,1s) search window, NS-
NS and NS-BH progenitors in NGC 3313 are excluded at >99% confidence

No evidence for NS-NS/BH GW signals up to 102/170 Mpc

[AbboC	et	al.,	ApJ	841:89	(2017)]
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Results – No Significant Events
No coincidences from the all-time/all-sky analysis

No evidence of GWs associated with any of the 42 GRBs nor of a collective 
signature of weak GW signals
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Results – 90% Confidence Level Exclusion Distances
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Figure 2. Cumulative distribution of p-values from the analysis of
20 short-duration GRBs for the evidence of an NS binary merger
GW signal (top) and 31 GRBs for the evidence of a GW transients
associated with the burst (bottom). The expected distribution under
the no-signal hypothesis is indicated by the dashed line, the 2-�
deviation of that distribution is indicated by the dotted line. For
GRBs with no event in the on-source, we provide an upper bound
on the p-value equal to 1 and a lower bound determined by counting
the fraction of background trials that yield no event: this explains
the feature in the top right corner of the top panel.

rized in Table 2, while the cumulative distributions of ex-
clusion distances for a subset of injected signal populations
are shown in Fig. 3. For short GRBs, the median exclusion
distance is between 90 Mpc and 150 Mpc depending on the
assumed NS binary progenitor, whereas for all GRBs and a
generic GW signal model, the median exclusion distance is
between 15 Mpc and 100 Mpc. The results for the NS binary

Table 2. Median 90% confidence level exclusion distances D90%

NS-BH NS-BH
Short GRBs BNS aligned generic

spins spins

D90% [Mpc] 90 150 139

CSG CSG CSG CSGAll GRBs 70 Hz 100 Hz 150 Hz 300 Hz

D90% [Mpc] 88 89 71 30

ADI ADI ADI ADI ADIAll GRBs A B C D E

D90% [Mpc] 31 97 39 15 36

NOTE—The short GRB analysis assumes an NS binary progenitor.
When all GRBs are analyzed, a circular sine-Gaussian (CSG) or an
accretion disk instability (ADI) model is used.

search can be compared to the ranges reported in Tables 1
and 2 of Abbott et al. (2016k) for the all-time, all-sky search
for GWs emitted by BNS and NS-BH systems in O1. Both
searches are most sensitive to aligned spin NS-BH binaries
and least sensitive to BNS binaries. This hierarchy is deter-
mined by the masses and by the degree of spin misalignment
involved in the simulated source populations: all else being
equal, GW detectors are less sensitive to lower mass systems
because these have smaller GW amplitudes, while searches
performed with aligned spin templates progressively lose in
efficiency as precession effects in the source become more
and more marked. Further, as discussed by Williamson et al.
(2014), the targeted, coherent search is sensitive to distances
that are 20-25% greater than those achieved by a coincident
all sky search. This explains why the distances reported here
are greater than those in Abbott et al. (2016k). Clearly, this
is a rough comparison because the injected populations con-
sidered here and by the all-sky all-time search are different,
particularly with regards to the choice of BH masses and to
the restriction set on the inclination angle.

By combining results from all analyzed GRBs, we place
exclusions on GRB progenitor populations. To do this, we
use a simple population model, where all GRB progeni-
tors have the same GW emission (standard sirens), and per-
form exclusions on cumulative distance distributions. We
parametrize the distance distribution with two components:
a fraction F of GRBs distributed with a constant comov-
ing density rate up to a luminosity distance R, and a frac-
tion 1�F at effectively infinite distance. This simple model
yields a parametrization of astrophysical GRB distance dis-
tribution models that predict a uniform local rate density and
a more complex dependence at redshift higher than 0.1, given
that the high redshift part of the distribution is beyond the
sensitivity of current GW detectors. The exclusion is then
performed in the (F,R) plane. [For details of this method,
see Appendix B of (Abadie et al. 2012b).] The exclusion

Exclusion distances are ~4-5 times 
higher than in previous search

[AbboC	et	al.,	ApJ	841:89	(2017)]
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Summary

Gravitational-wave astronomy has begun

Joint GRB+GW detections will shed light on the nature of GRB progenitors

First Advanced LIGO observing run (Sep 12, 2015 – Jan 19, 2016)

Analyzed LIGO data to look for GWs coincident with GRBs that occurred 
in this period (including GRB 150906B)

No significant GW event found

Second Advanced LIGO observing run

Running low-latency coincidence search

Promptly initiating modelled and unmodelled medium-latency searches

Any potential coincidence will be circulated to astronomy partners
13


