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Gravitational wave strain
(space-time deformation)

Virgo

LIGO Handford

LIGO Livingston

Time series – 16 kHz sampling (“audio” band)

Continuous observation for ~1 yr typ.
With many on/off interruptions



Compact Binary Coalescence
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2015 2016 2017 2018 2019

O1
4 months
~50 days
coincident

1.5 TB (16 kHz)

O2
6 months

~ 100 days
coincident

3.3 TB (16 kHz)

Virgo O3
1 yr

275 days
coincident

6.6 TB (16 kHz) 

LIGO LIGO & Virgo

2020

Virgo V1LIGO Handford H1 LIGO Livingston L1

2021

Kagra & GEO
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2015 2016 2017 2018 2019

O1
3 detections

O2
8 detections

GWTC-1

Virgo O3
LIGO LIGO & Virgo

2020 2021

O3a
44 detections

GWTC-2.1

O3b
35 detections

GWTC-3

http://arxiv.org/abs/2010.14527 
http://arxiv.org/abs/2108.01045
http://arxiv.org/abs/2111.03606

http://arxiv.org/abs/2010.14527
http://arxiv.org/abs/2108.01045
http://arxiv.org/abs/2111.03606


gw-openscience.org
● GW Open Science Center

– Started in 2011 by Caltech under NSF impulse

● Public release policy – Cadence & proprietary period
– Data Management Plan – https://dcc.ligo.org/LIGO-M1000066/public
– LIGO Virgo MOU – https://dcc.ligo.org/LIGO-M060038/public 

Releases will occur every 6 months, in blocks of 6 months of data, 
with a latency of 18 months from the end of acquisition 

of each observing block
● So far data from LIGO, Virgo, GEO and KAGRA have been 

released according to this schedule
O1: released in 2018
O2: released in Feb 2019
O3: released in Apr 2021 and Oct 2021

https://dcc.ligo.org/LIGO-M1000066/public
https://dcc.ligo.org/LIGO-M060038/public


Livingston

Hanford

Virgo

Low latency
Alert System
+ Enrichment

+ Vetting
GCN

Enrichment
+ Analysis

LVK ONLINE ANALYSIS

LVK OFFLINE ANALYSIS
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Livingston

Hanford

Virgo

Papers
GWOSC

EXTERNAL OFFLINE ANALYSIS

Da
ta

 a
gg

re
ga

tio
n,

 c
al

ib
ra

tio
n,

st
or

in
g 

(C
as

cin
a,

 C
IT

)

GW
OS

C

Ex
te

rn
al

 d
et

ec
tio

n 
pi

pe
lin

es
(O

GC
, I

AS
, …

)

En
ric

hm
en

t, 
An

al
ys

is

hH(t)
hL(t)
hV(t)

hH(t)
hL(t)
hV(t) tri

gg
er

s

ev
en

ts

raw
data



Livingston

Hanford

Virgo

Low latency
Alert System
+ Enrichment

+ Vetting
GCN

Enrichment
+ Analysis

LVK ONLINE ANALYSIS
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Pipeline triggers & Events
● Search pipelines deliver triggers (candidate events)

● Very crude estimate of the source parameters (best fit 
template)

● No uncertainty (error bar)
● Some parameters are more relevant than others – Need 

to “marginalize” over irrelevant parameters
● Non-trivial coupling between parameters
● Model comparison and selection

● Triggers can be enriched through Bayesian analysis



Parameter estimation



TAP server
● DaCHS framework
● Currently: a staging server @ OVH (http://vps-fe1543c2.vps.ovh.net/__system__/adql/query/form)

● Production server: CC-IN2P3 green light from the science Virgo Czar 
and the technical support

● Public documentation: https://gwosc.docs.ligo.org/igwn-tap
● Non-yet published (fortunately because we changed the authority 

name from GWOSC to IGWN)
● Two schema: one for the triggers, one for the events
● Plain tables (no ObsCore)
● Deployment of Resource Descriptors via ansible (but not in a CI/CD)



Table ’triggers.all_triggers’



Table ’triggers.all_triggers’



Table ’triggers.all_triggers’



Table ’triggers.all_triggers’



Table ’events.all_events’



Table ’events.all_events’



Table ’events.all_events’ (cont.)



New UCDs
● stat.falsePositive:

Related to false alarm or false positive detection

● stat.falseNegative:
Related to missed or false negative detection



New UCDs in discussion
● phys.spinParameter

Related to the dimensionless compact
object’s spin parameter.

● phys.inspiralSpinParameter (or inspiralSpin):
Related to the dimensionless compact binary inspiral spin parameter.
It measures the degree of alignment between the intrinsic angular momenta of the compact 
objects and the orbital angular momentum.
 

●

χeff=
m1S1cos(θL ,S1)+m2 S2cos(θL , S2)

m1+m2

S= cJ
GM 2 0≤S≤1

−1≤χ eff≤1



Query examples



Future directions
● Include older pipeline triggers (from 01 and 02 

observing runs)
● Add original trigger catalogs
● Conversion UTC / GPS
● Add skymaps
● Improve cross-match between triggers
● Searches in Multi-Order Coverage maps
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