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Outline

·Detecting gravitational waves with the global LIGO-Virgo network

·LIGO-Virgo Observing Runs 

·The third Observing Run: O3

ÁSchedule

ÁPerformance 

·Public alerts

ÁMotivationand dataflow

ÁO3 Summary

·First O3 published detections 

ÁGW190425, GW1901412& GW190814 

·Outlook

ÁMore O3 publications to come

ÁThe path to O4: the « Advanced Plus» detectors 
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Gravitational waves (GW) in a nutshell

·One of the first predictions of general relativity (GR, 1916)

ÁAccelerated masses induce perturbations of the fabric of the

spacetime, propagating at the speed of light ïóspeed of gravityô

·Traceless and transverse (tensor) waves 

Á2 polarizations in GR: « + » and «³»

ÁQuadrupolar radiation 

­ Deviation from axisymmetry to emit GW

·GW strain h

ÁDimensionless, scales like1/distance

·Detectors directly sensitive to h

­ Small sensitivity gains can lead to large improvements in event rate

·Rough classification

ÁSignal duration

ÁFrequency range

ÁKnown/unknown waveform

ÁAny/no counterpart (electromagnetic spectrum, neutrinos, etc.) expected 3

Detectableby the instruments



Example(*): the Advanced Virgo detector

·Suspended, power-recycled Michelson interferometer

with 3-km long Fabry-Perot cavities in the arms

·Working point

ÁMichelson on the dark fringe

ÁAll Fabry-Perot cavities resonant

­ Feedback control systemsacting on

themirror positions and on the laser

·GW passing through

ÁDifferential effect on

the arm optical paths

­ Change of interference condition

at the detector output

­ Variation of the detected power

·Sensitivity limited by noises

ÁFundamental Continuous struggle:

ÁTechnical design, improvement,

ÁEnvironmental noise hunting, mitigation 4

Not to scale:

the arm cavities

are km-long

(*) LIGO detectors are

conceptually the same



The LIGO-Virgo global network

·A single interferometer is not enough to detect GW with certainty

ÁDifficult to separate confidently a potential signal from noise

­ Need to use anetwork of interferometers

Á2nd generation: «Advanced»

ÈLIGO Hanford:     2015

ÈLIGO Livingston: 2015

ÈVirgo:                    2017

ÁGEO-600: «Astrowatch» + R&D

ÁKAGRA:                 2020+

ÁLIGO-India: coming decade

·Agreements (MOUs) between the different projectsïVirgo/LIGO: since 2007

ÁShare data, common analysis, publish together         Virgo-LIGO/KAGRA: 2019

·Interferometers are non-directional detectors

ÁSensitive to a significant fraction of the skybut non-uniform response

ÁTime delays for the signal arrival in the different instruments: O(few ms)

­ Threefold detection: reconstruct source location in the sky 5



Observation runs O1 and O2

·O1: September 2015 ïJanuary 2016

ÁLIGO only

ÁGW150914: first direct detection of GWs ïbinary black hole merger

·O2: December 2016 ïAugust 2017 

ÁFirst LIGO only, Virgo from August 1st onwards

ÁGW170814: first triple-detector GW detection

ÁGW170817: first binary neutron star merger detection

birth of multi-messenger astronomy with GW

ÁGWTC-1: first LIGO-Virgo catalog of transient GW sources 6



Towards the Observation Run 3: O3

·End of O2:           August 25, 2017

·Beginning of O3: April      1, 2019

­ In between: 19 months, with alternating phasesof 

ÁCommissioning

ÁUpgrade Joint LIGO-Virgo planning

ÁNoise hunting ­ Common goals:

ÁEngineering run improve sensitivity &

duty cycle 

·Example of Virgo

ÁMirror suspension wires upgraded + vacuum improvement

ÁIncrease of the laser power injected in the interferometer

Á« Squeezer» to lower shot noise limiting above a few hundreds Hz

+ software improvements & better understanding of the upgraded instrument

­ Sensitivity improved by roughly a factor 2

·Large improvements on the LIGO side as well

ÁSee O3 performance in later slides
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·Sensitivity: noise amplitude spectrum density [Unit: 1/ÕHz] vs. frequency

ÁComplex curvefull of features, summing up contributions from many noise sources

­ Useful(simplifying) figure of merit: 

the BNS range 

ÁAveraged (sky and binary inclination) 

distance[in Mpc] at which a «standard»

merging binary neutron star system can

be detected(signal-to-noise ratio of 8)

Detector sensitivity and BNS range
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Virgo BNS range improvement



The O3 schedule

·Early plan

Á12 months of data taking: 2019/04 ­ 2020/04

Á2 chunks of 6 months (O3aand O3b),

with a 1-month commissioning break (2019/10) in between
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The O3 schedule

·Then came the pandemicé

ÁO3 run globally suspended on March 27

ÁLater decision not to start an « O3c» and to focus on the O3-O4 upgrades

·2 weeks (7-21 April) of joint GEO-KAGRA data taking: run «O3GK » 

ÁKAGRA switched from commissioning to data taking end of February

­ Sensitivity still low but improving 10



O3 performance: duty cycle

·Single detector: example of Virgo

ÁScienceª good data used for physics analysis 

ÈOnline data quality; fraction of a percent removed offline

­More information: https://www.virgo-gw.eu/status.html 11

https://www.virgo-gw.eu/status.html


O3 performance: duty cycle
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·3-Detector network

­Maximize triple

coincindent observation

ÁMaintenance / time difference

­ Ensure at least one detector

up and running at all time







https://emfollow.docs.ligo.org/userguide




https://iopscience.iop.org/article/10.3847/2041-8213/ab75f5


https://arxiv.org/abs/2004.08342


https://iopscience.iop.org/article/10.3847/2041-8213/ab960f


https://www.gw-openscience.org/


https://wiki.gw-astronomy.org/OpenLVEM

