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LVK Observing runs

·LIGO-Virgo-KAGRA (LVK ) Observing plans updated at least monthly on the 15th

Áhttps://observing.docs.ligo.org/plan

­ Latest update on June 11thïnext one expected tomorrow

ÈWhen the LVK data taking restarted after a 10-week break
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LVK network of detectors

·A worldwide network of ground-based GW interferometric detectors

ÁEach detector responsible

of its own data taking

­ Global coordination

ÁJointdata analyses & publications

·GEO600[Germany]

ÁAstrowatch, R&D

·LIGO Hanford(H1)     [WA, USA]

LIGO Livingston (L1) [LA, USA]

ÁLIGO India: planned

·Virgo [Italy]

·KAGRA [Japan]

ÁUndergroundand cryogenic

·Gravitational Wave Open Science Center

(GWOSC):

https://www.gw-openscience.org 3
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LVK O4 run in a nutshell

·O4a: 24 May 2023 @ 15:00 UTC ­ 16 January 2024 @ 16:00 UTC

ÁThe two LIGO detectors

ÈVirgo decided to continue commissioningto work further

on improving the sensitivity and the stability of the detector for O4b

ÈKAGRA took data for four weeks, before moving back to commissioning 

·O4b: 10 April 2024 @ 15:00 UTC ­ 28 January 2025 @ 1700 UTC 

ÁThe two LIGO detectors + Virgo for the full data taking period

ÈScheduled downtimes aligned to maximize the 3-detector uptime

ÁKAGRA continued commissioningwith the goal to be ready for O4c

ÈSite significantly impacted by a 7.6-magnitude earthquake on 01 January 2024

­ No detector break between O4b and O4c

ÁTransition driven by the schedule to release public data by chunks

ÈClean cut: all detectors down at the time of the change

·O4c: 28 January 2025 @ 1700 UTC ­ 18 November 2025 @ 16:00 UTC (currently)

ÁFour detectors for the first time: the two LIGO + Virgo + KAGRA

ÈKAGRA data not used in low latency for public alerts

Á10-week detector break from 01 April to 11 June 4



LIGO detectors status update

·Major changes from O3

ÁFrequency-dependent squeezing: better than 4dB @ H1 / close to 6dB @ L1

ÁMore power in the arms, ~200 kW ­ 380 kW @ H1 / 280 kW @ L1

ÁSome scatter sources and control noises mitigated

·Current issues

ÁCannot easily power up more, instabilitiesand unclear gain in sensitivity

­ Buildups do not scale, more noise, etc.

ÁMystery noise thought to be scatter, working hard to understand (to fix for O5)

­ L1: Added extra baffles in recent O4c vent as a test ïunclear results so far

·Near future improvements (to be tested early before O5)

ÁBetter suspension local damping sensors

ÁInstall big beam splitter

ÁInput jitter mitigation (new, small input cavity, JAC)

ÁFront surface heater for input test masses (CHETA)

ÁBetter output losses (partial BHD)

ÁBetter test masses: improved coating thermal noise

ÈA bit delayed, but still planned for O5
5



LIGO Livingston O4 noise budget

·Blue trace: measured sensitivity

·Black trace: sum of all known noises

­ Some mystery noise remains in the low- and mid-frequency ranges

·Red dashed trace: thermal noise

ÁTo be improved (better coating for O5 test masses) alongside the quantum noise

­ Otherwise not much gain at mid. frequencies
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Reference:
Phys. Rev. D 111, 062002 (2025)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.062002


Virgo detector status update
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·Main O3 ­ O4 upgrade: addition of the signal recycling mirror (SRM)

ÁImproveand shapethe sensitivity curve

in a given frequency band (specific sources)

ÈMirror reflectivity ª Bandwidth

ÈPositionª Resonance frequency

­Additional cavity to control

ÁLongitudinal and angular

degrees of freedom

­ Need to redesignthe procedure leading

to the global control of the full detector

·Virgo recycling cavities are only marginally stable

ÁSpace constraints

ÁMore sensitive to optical defects (cold & thermal)

ÁMirror radius of curvature tuned for high power:

more instabilities at lower power

­A lot of control andstability issues 



Virgo detector status update

·ñMysteryò noise scaling like 1/f2/3 is limiting BNS range around 55 Mpc

ÁExact origin still unknown, in spite of numerous studies and hypothesis testings

­ Possibly coming from high-order modes

ÈLarger contributions due to the marginally-stable cavities 

­ New direction for the post-O4 upgrade of the Virgo detector

ÁPriority is to install stable cavities

ÈRequires a complete redesign of the central interferometer area and

some related civil engineering work

·Technical Design Reportsubmitted to funding agencies 

ÁReview process in progress 

·Virgo-specific upgrade planning to be discussed with LIGO and KAGRA

ÁIn the framework of the joint preparation for the O5 run and beyond
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KAGRA detector status update

·History

ÁApril, 2020: Joint O3GK run with GEO600. BNS range: ~0.66 Mpc (median)

ÁMay, 2023: Took data during first month of O4a. Sensitivity: ~1.3 Mpc (prelim.)

ÁOctober 2024: full recovery from January 1st, 2024 earthquake (epicenter ~100 km)

ÁJune, 2025: Observing in the second part of O4c. Sensitivity: ~7 Mpc (prelim.)

·Major improvements since O3GK

ÁEnhanced test mass cooling: 1@300K + 3@250K Ÿ 2@40K + 1@60K + 1@90K

ÁImplemented Wavefront Sensing in Alignment Sensing and Control

ÁIncreased input laser power: ~1 W Ÿ 10 W

ÁUpgraded suspension controls + vibration isolation for output optics

ÁStray light mitigation

·Current issues: unidentified noise source around 100 Hz + beam jitter

·Near-Future improvements (toward O5)

ÁImplementation of Resonant Sideband Extraction

ÁReplacement of Input Mirrors

ÁPhotodiodes put into vacuum

ÁHigh-power laser: targetting 30 Wat the input mode-cleaner output 9



More LVK detector talks this week

·Mon. Session 2 ïPlenaryTalks: A new chapter of gravitational wave observations with ground-based laser interferometers

·Mon. Session 3 - C2: Gravitational wave astronomy: searches, data analysis, 

parameter estimation and multi-messenger astronomy

ÁEvan Goetz, Characterizing LIGO detector data in the fourth observing run

ÁDidier Verkindt, Virgo h(t) reconstruction for O4 and O5

·Tue. Session 3 - C3: Progress and challenges in advanced ground-based detectors

ÁDiego Bersanetti, Interferometer Configuration and Commissioning of the Virgo Detector during the O4b/c Run 

ÁMatthieu Gosselin, Injection system improvement for AdV+ phase II

ÁCervane Grimaud, From the Virgo interferometer calibration to the bias and

uncertainty of the h(t) detector strain during the O4 run

ÁPierre Van Hove, Absolute Calibration of the Virgo Interferometer Using a Newtonian Calibrator

ÁEilidh Mackenzie, Hunting for new glitches in LIGO data using community science

ÁThejas Seetharamu, A+ LIGO Output Mode Cleaner Cavities and Investigation

of Polarisation Balanced Homodyne Detection

·Wednesday Session 4 - C4: Concept and research towards next-generation detectors

ÁMattia Boldrini, Simulations of Sensing & Control for Advanced Virgo+ phase II 

·Friday Session 4 - C3: Progress and challenges in advanced ground-based detectors

ÁPaul Lagabbe, Adaptive optic for mode matching correction

ÁLorenzo Aiello, High power demands high precision: addressing challenges

with innovative solutions in GW detectorôs aberration control

ÁValentina Mangano, Mitigation of Parametric Instabilities in Gravitational Wave Detectors using Mechanical Dampers

ÁMaddalena Mantovani, Methodological approach to evaluate control requirements for gravitational wave detectors

·And possibly moreé 10

[That was this morning]



The O4a run

·BNS range

·Duty cycles

·Public monitoring plots: https://gwosc.org/detector_status/O4a 11

https://gwosc.org/detector_status/O4a


The O4b run

·BNS range

·Duty cycles

·Public monitoring plots: https://gwosc.org/detector_status/O4b 12

https://gwosc.org/detector_status/O4b


The O4c run

·Duty cycle excluding the 10-week detector break
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The O4c run

·BNS range evolution

ÁFrom the gwistatpublic website: https://online.igwn.org

·Screenshot: five detectors

observing simultaneously

14

https://online.igwn.org/


Low latency alerts

·General Coordinates Network (GCN)

Áhttps://gcn.nasa.gov

·Real-time processing of LVK data

ÁDedicated data analysis pipelines

searching for transient GW events

·Latency is the main challenge

for the public alert

ÁThe lower, the better

·An alertmust be informative

for the astronomy community

·Automated alertslater found

not to originate from the cosmos

are retracted

·Central database: GraceDB

ÁGravitational wave candidate event DataBase [O4a]  [O4b]

­ Public portal: https://gracedb.ligo.org/superevents/public/O4[O4c] 15

« O4b novelty

Binned source

chirp mass

O4c

novelty+

https://gcn.nasa.gov/
https://gracedb.ligo.org/superevents/public/O4a
https://gracedb.ligo.org/superevents/public/O4b
https://gracedb.ligo.org/superevents/public/O4
https://gracedb.ligo.org/superevents/public/O4c


Binned source chirp mass

·From https://emfollow.docs.ligo.org/userguide/content.html#inference

·Example:

https://gracedb.ligo.org/superevents/S250704ab/view
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https://emfollow.docs.ligo.org/userguide/content.html#inference
https://gracedb.ligo.org/superevents/S250704ab/view


·Cumulative number of (non-retracted) public alerts 

ÁVersuscalendar ÁVersus integrated Volume ³Time

·211 public alerts in O4+ 25 more retracted

·301 eventsintegrating over O1 + O2 + O3 (published detections) + O4 (public alerts)

ÁThe O4a part of this cumulative plot will change when GWTC-4 is released

­ For more information about the LVK low-latency alert system, see talk by

Andrew Toivonen in Tuesday Session 3 - C7: MMA of GW sources

Public alerts

17
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Sky localization

·O4{b+c}: 130 public alerts

­ 80%(104/130) include Virgo data

ÈFraction per month:

·Sky localization greatly improved in some cases

ÁExample: S240615dg

·No counterpart identified for any event in O4so far 18

LIGO -only skymap 3-detector skymap

https://gracedb.ligo.org/superevents/S240615dg/view


The Rapid Response Team
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·Joint LVK vetting of low-latency alerts since the beginning of O4:

the Rapid Response Team (RRT)

Á24/7 shift coverage

ÁShared coordination: 3 geographical regions, covering 8 hours each

ÈEurope (+ Africa): Virgo

ÈAsia/Pacific: KAGRA

ÈAmericas: LIGO

Á3-tiered system

ÈLevel 0: shifters

ÈLevel 1: experts

ÈLevel 2: full team

·The RRT in numbers

Á4000+ Shifts completed

Á 600+ Level-0 shifters

Á 54   Level-1 shifters

Á 13   Site advocates

Á 4   RRT shift managers



The RRT: vetting low-latency alerts

·Distribution of O4b+c alertsby hour 

·Latencymeasured from event time t0
­ Includes all the steps upstream of

Rapid Response Team (RRT)

ÁDAQ

ÁGW strain channel reconstruction

ÁData transfer

ÁOnline pipelines processing

ÁCandidate vetting by RRT ïincluding the initial circular writing 20

© Takahiro
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The RRT: vetting low-latency alerts

·Evolutionof the time taken to vet the candidate  

ÁFromwhen the RRT has been triggered automatically,

to when the RRT decision about the event is sent

·Evolution of the (global) RRT latency over O4

ÁFrom the automated alert to the human decision

­ (ADV)OK or retract (ADVNO)

ÁHP= High Profile (events potentially highly interesting: BNS candidates, etc.)

21

O4a « O4b | O4c ­

© Takahiro Sawada & Keita Kawabe



Outlook

·O4 is significantly better than O3

ÁNumber of public alerts

ÁIntegrated V³T

­A major LVK success overall

ÁThe result of the dedication and effort

of all the scientists involved in the

global network of ground-based

interferometric detectors

­Still missing a ñbigò EM-bright event thoughé

·10 years after GW150914, the LVK

Ácontinues making discoveries

Áshows the power of the network and

of collaborating work

­We are looking to continue this forward, after O4 and for the years to come

ÁStay tuned to the public LVK Observing plans webpage for updates
22
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LVK public data releases
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LIGO detectors status update

·Major changes from O3

ÁFrequency independant squeezing: better than 4dB @ H1 / close to 6dB @ L1

26

·Reference:

Phys. Rev. X 13, 041021 (2023)

LIGO Hanford

LIGO Livingston

https://doi.org/10.1103/PhysRevX.13.041021


KAGRA detector status update

·Performance evolution over time ïcompared with LIGO and Virgo

27
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The O4b run

·Main downtimes

28

Fast shutter issue

[Dark fringe photodiode

protection system]

Damaged output

Faraday isolator

Opportunistic

detector work

while H1 down



O4{b+c} LVK network duty cycle

·Weekly, UTC timezone

·Daily, local timezones for each detector 
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LIGO Livingston O4 noise budget

·Red trace: sensitivity curve based on all known noises

­ Some mystery noise remains

·Light green trace: all technical noises

ÁDark green trace: all known technical noises

·Thermal coating noise to be improved (new O5 test masses) with the quantum noise

­ Otherwise not much gain at mid. frequencies

31

Frequency [Hz] for the x-axis, and Strain Noise [1/sqrtHz]


