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1. Introduction
What are gravitational waves?

Observatory network

Observing plans





LIGO-Virgo-KAGRA 
network

All GW Observatories work together

Observatory network:

 GEO (Germany)

 LIGO (USA) x2

 Virgo (Italy)

 KAGRA (Japan)

Multilateral data sharing agreementCredit: Caltech/MIT/LIGO Lab

https://www.ligo.caltech.edu/image/ligo20160211c


LVK observing plans

https://observing.docs.ligo.org/plan/

https://observing.docs.ligo.org/plan/


LVK observing status
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https://online.igwn.org

https://online.igwn.org/


2. Data analysis
GW data processing
Low-latency alerts
Bulk analysis



GW data processing

‘Multi-messenger’ astrophysical events 
should be detected in GW first.

Alerts are published in ‘low latency’ (as 
quickly as possible) for EM observers to 
follow up.

Data recorded at each observatory in
1-second buffers

• Full data set ~40MB/s

• Astrophysics data set ~500kB/s

Low-latency ‘pre-processing’
• Calibration

• Data-quality checks

Low-latency detection
• Searches for GW signals

Low-latency follow-up
• Initial parameter estimation

• Event classification

Public alerts



GW online data flow

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

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


Public alert latency

Credit: Chatterjee



Bulk analysis

Astrophysics data stored in binary files 
(custom format).

Distributed using Pelican (XRootD)
• One Origin per Observatory

• Global cache network for efficient access

• HTTP(S) with Bearer auth (SciToken)

Analysis workflows managed by 
HTCondor

• Pool of globally distributed resources

• Opportunistic use of any execute point 
resource

• Outputs available at access point

Large-scale offline analysis

Collaboration with PATh (OSG + CHTC)

https://pelicanplatform.org/
https://path-cc.io/


UK/IRIS computing is critical for LVK

Public view of LVK grid accounting:

https://gracc.opensciencegrid.org

https://gracc.opensciencegrid.org/d/OTtTsgOVz/payload-jobs?var-ReportableVOName=ligo


3. Scientific results
Low-latency alert statistics

O4 results highlights



O4 candidates

• O1 (09/2015 - 01/2016)

• O2 (11/2016 - 08/2017)

• O3a (04/2019 - 10/2019)

• O3b (11/2019 - 03/2020)

• O4a (05/2023 - 01/2024)

• O4b (04/2024 - 06/2025)

Event rate scales as the cube of the 
range



GW astrophysics 
results
Black holes are more diverse 
than we thought

Black holes formation, evolution, 
and population are complicated
   …and we don’t fully
       understand them…

https://pnp.ligo.org/ppcomm/Papers.html

https://catalog.cardiffgravity.org/bhbubble.html

https://pnp.ligo.org/ppcomm/Papers.html
https://catalog.cardiffgravity.org/bhbubble.html


https://gracedb.ligo.org/superevents/public/O4/

https://gracedb.ligo.org/superevents/public/O4/


https://gracedb.ligo.org/superevents/S241125n/

https://gracedb.ligo.org/superevents/S241125n/


https://gracedb.ligo.org/superevents/S241127aj/

https://gracedb.ligo.org/superevents/S241127aj/


4. Future plans
Observing run 5

The next-generation detector network



Observing run 5 O4 will end in June 2025

O5 due to start ~Q3 2027

Expect increase of ~75% in range

 ~x5 increase in event rate

~x2 increase in compute need
• CPU optimisation

• Accelerator porting

• New methods (ML/AI)https://observing.docs.ligo.org/plan/

https://observing.docs.ligo.org/plan/


Next generation

Current-generation (2G) observatories 
are reaching facility limits.

Next-generation (3G) projects are in 
design phase, with initial funding.

Expected x1000 increase in event rate.

Need improved waveform models and 
computational methods.

Dedicated STFC funding spread across 
UK-GW groups.

2030+

LISA - Laser Interferometer Space Antenna -NASA Home Page

https://www.et-gw.eu/
https://cosmicexplorer.org/
https://www.esa.int/Science_Exploration/Space_Science/LISA


https://www.einstein-telescope.it/en/the-science-of-et/

https://www.einstein-telescope.it/en/the-science-of-et/


End
macleoddm@cardiff.ac.uk

raymondv@cardiff.ac.uk

mailto:macleoddm@cardiff.ac.uk
mailto:raymondv@cardiff.ac.uk


Links
Live network status:

  https://online.igwn.org

Latest events:

  https://graced.ligo.org/superevents/public/O4/

LVK Observing plans

  https://observing.docs.ligo.org/plan/

LIGO Data Management Plan:

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

https://online.igwn.org/
https://graced.ligo.org/superevents/public/O4/
https://observing.docs.ligo.org/plan/
https://dcc.ligo.org/LIGO-M1000066/public
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