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The Burst Group



The Burst Group

All-sky search (short & long duration)

IMBH Search 

Cosmic strings

Isolated neutron star transients

Core-collapse supernovae

EOS with pre/post-merger GWs

Gamma-Ray Bursts (incl. FRBs)

High Energy Neutrinos



Bursts Landscape
(MY SUBJECTIVE OPINION)

pipeline Fast? Good? Who Comment
cWB Yes Yes Florida, Trento 800lb gorilla of bursts
oLIB Yes No MIT 2cd all-sky pipeline
BayesWave No Yes Montana, 

Alabama
waveform reconstruction

STAMP-AS No Yes Stochastic long-duration transients
X-Pipeline No Yes Cardiff, Sheffield external triggers

properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.
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X in a Nutshell

• Read h(t) data for a network of detectors.

• Whiten, FFT.

• Sum FFTed data over detectors to make ?me-frequency 
maps of various energy measures.
– detectors weighted by F+, Fx, S(f) in sums

• Threshold on map energy values; loud pixels are clustered 
together to form “events”.
– Each event characterised by peak ?me, dura?on, bandwidth, 

significance (w.r.t Gaussian noise), various energy measures.



Events 
(loudest 1% of pixels) 

example 
detection 
statistic
map of estimated 
|h+(f)|2 + |hx(f)|2
“maximum likelihood”

inspiral injection 
in H1, H2 data



A GRB-triggered search

Time of GRB
-600s +60s-1.5 hours +1.5 hours

“On-source” time: scan this data 
for GW candidate

“Off-source” time used to 
estimate noise background

GW detector data

• Estimate significance of on-source events by comparing to off-source.
– Possible GW detection := significant event

• Estimate minimum detectable GW amplitude by adding simulated GWs
to the on-source data and re-analysing.
– Upper limit := signal amplitude/energy at which 90% of simulated GWs are 

louder than the loudest on-source event.



Background rejection
• Apply cuts to energies that measure correlation 

between detectors.
– Cut thresholds determined automatically for each GRB by comparing 

background and simulation events.

before cuts
a?er cuts

loudest event in trial

kept
(injections)

(background)
killed



These techniques work

multiple classes, this significance is decreased by a trials
factor equal to the number of classes [71].

A. Generic transient search

Designed to operate without a specific waveform model,
this search identifies coincident excess power in time-
frequency representations of the detector strain data
[43,72], for signal frequencies up to 1 kHz and durations
up to a few seconds.
The search reconstructs signal waveforms consistent

with a common gravitational-wave signal in both detectors
using a multidetector maximum likelihood method. Each
event is ranked according to the detection statistic
ηc ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Ec=ð1þEn=EcÞ

p
, where Ec is the dimensionless

coherent signal energy obtained by cross-correlating the
two reconstructed waveforms, and En is the dimensionless
residual noise energy after the reconstructed signal is
subtracted from the data. The statistic ηc thus quantifies
the SNR of the event and the consistency of the data
between the two detectors.
Based on their time-frequency morphology, the events

are divided into three mutually exclusive search classes, as
described in [41]: events with time-frequency morphology
of known populations of noise transients (class C1), events
with frequency that increases with time (class C3), and all
remaining events (class C2).

Detected with ηc ¼ 20.0, GW150914 is the strongest
event of the entire search. Consistent with its coalescence
signal signature, it is found in the search class C3 of events
with increasing time-frequency evolution. Measured on a
background equivalent to over 67 400 years of data and
including a trials factor of 3 to account for the search
classes, its false alarm rate is lower than 1 in 22 500 years.
This corresponds to a probability < 2 × 10−6 of observing
one or more noise events as strong as GW150914 during
the analysis time, equivalent to 4.6σ. The left panel of
Fig. 4 shows the C3 class results and background.
The selection criteria that define the search class C3

reduce the background by introducing a constraint on the
signal morphology. In order to illustrate the significance of
GW150914 against a background of events with arbitrary
shapes, we also show the results of a search that uses the
same set of events as the one described above but without
this constraint. Specifically, we use only two search classes:
the C1 class and the union of C2 and C3 classes (C2þ C3).
In this two-class search the GW150914 event is found in
the C2þ C3 class. The left panel of Fig. 4 shows the
C2þ C3 class results and background. In the background
of this class there are four events with ηc ≥ 32.1, yielding a
false alarm rate for GW150914 of 1 in 8 400 years. This
corresponds to a false alarm probability of 5 × 10−6

equivalent to 4.4σ.

FIG. 4. Search results from the generic transient search (left) and the binary coalescence search (right). These histograms show the
number of candidate events (orange markers) and the mean number of background events (black lines) in the search class where
GW150914 was found as a function of the search detection statistic and with a bin width of 0.2. The scales on the top give the
significance of an event in Gaussian standard deviations based on the corresponding noise background. The significance of GW150914
is greater than 5.1σ and 4.6σ for the binary coalescence and the generic transient searches, respectively. Left: Along with the primary
search (C3) we also show the results (blue markers) and background (green curve) for an alternative search that treats events
independently of their frequency evolution (C2þ C3). The classes C2 and C3 are defined in the text. Right: The tail in the black-line
background of the binary coalescence search is due to random coincidences of GW150914 in one detector with noise in the other
detector. (This type of event is practically absent in the generic transient search background because they do not pass the time-frequency
consistency requirements used in that search.) The purple curve is the background excluding those coincidences, which is used to assess
the significance of the second strongest event.
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cWB on GW150914 X-Pipeline on GRB170817A

GRB170817A



Cardiff burst activities

• Vassilis: Deep Neural Networks for burst detection

• Scotty: SNEWS triggered supernova search (X-Pipeline), 
also GravitySpy

• Ronaldas: burst signal interpretation & burst GRBs (X-
Pipeline)

• Iain: multi-variate analysis (X-Pipeline), also CBC GRBs

• Patrick: X-Pipeline development, general ranting



X-Pipeline developments (me)

• Support for triggered searches (GRBs) and all-
sky search (Sheffield)
– Code improvements to post processing for speed,

robustness, ease of development
–More efficient use of injections (fewer)

• Goals: reduce latency time 
– GRB searches from ~1 day to a few hours
– SNEWS: aim for ~ 1 hour turn around



All-sky Neural Network Search 
(Vassilis)

• Use existing NN 
packages 

• Train on HLV 
data (“colour
images”).

• Goal: day 
latency all-sky 
burst search.
– Use existing X

infrastructure
for data finding,
conditioning,
etc.



Echoes

• Analysis simple & fast (~ CPU-

day).

• Now: finish & publish

GW170817 follow-up on pubic 

data.

• O3 goals: Repeat (quickly) for 

any further BNS / NS-BH 

detections.

• Low cost, speculative.

4

FIG. 3: Time-frequency representations of X(t, f) before and after the merger for the BNS merger
gravitational-wave event GW170817, observed by the LIGO, and Virgo detectors. The possible peak of echoes found
in the time-frequency and amplitude-frequency plots are marked with a green squares. As can be seen by the color
scale, the peak at fpeak = 72 (±0.5) Hz and t� tmerger ' 1.0 sec, with an amplitude of X(tpeak, fpeak) = �6.48⇥1039,

is the highest peak in this diagram, from before and after the BNS merger (see Figs. 4 and 6 below for more
details). A secondary tentative peak at the same frequency but t� tmerger ' 32.9 sec is also highlighted.

• Look for post-merger echoes from BNS / NS-BH detections.


