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gravitational waves 
a new view of the universe

NASA
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Gravitational waves
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Gravitational wave strain
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spacetime 
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Measured 
spacetime 
strain h(t)

Movie: Carl Rodriguez

h(t) =
ΔL
L



Science/AAAS



Current GW detector network (IGWN)

LIGO/Caltech 7

Early construction



A landmark detection
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September 14, 2015 



Inferring mass and distance



Inference of source properties
Data model d = signal (through lens of detector network) h + detector noise n

Likelihood: we expect the residual of d-h to be consistent 
with Gaussian noise

LIGO/Virgo GWTC-3 (2021) 

Masses

LIGO/Virgo GWTC-2 (2020) 



The first multi-messenger event with GWs
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LIGO/Virgo/Lovelace, Brown, Macleod, McIver, Nitz

August 17, 2017 



12

GWs reveal a new population of stellar remnants!

McIver and Shoemaker, 2021
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LIGO-Virgo-KAGRA results
Since 2016: 

>100 LVK papers  
> 80,000 citations

Topics include: 
• Stellar remnant 

catalogs 
• Tests of general 

relativity 
• Instrumentation 
• Noise studies 
• Dense matter 
• Searches for novel 

GW sources (lensing, 
CW, stochastic, 
CCSN..)  

• Independent 
measurement of H0



14Kai Staats
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Advanced LIGO noise
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LIGO-Virgo arXiv 1304.0670 v11 O4 expectation: up to a few signals per week  

O4a:May 24 2023 - Jan 16 2024
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Sensitivity and detection rate 

~1 per 
month

~1 per 2-3 
weeks

>1 per 
week



Timeline of Advanced LIGO and Advanced Virgo
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2010 2015 2020 2025
O1 O2 O3 O4aeLIGO

Observing run 4 (O4)
• O4a: May 24 2023 - Jan 16 2024 

• 2 LIGO detectors with improved 
detector sensitivity (+ KAGRA)  

• Commissioning break Jan - April 2024 
• O4b: April 10 2024 - early 2025 (TBC)  

• LIGO and Virgo

O4 aLIGO improvements 

• Upgrade pre-stablized lasers to 
input100W into the interferometer (for 400 
kW in the arm cavities) 

• New baffles to combat stray light noise 
• Replace some test mass mirrors to 

improve coatings 
• New 300 meter cavity for frequency-

dependent squeezed light

O4b
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O4 snapshot
graceb.ligo.org



Nearly the same number of 
alert candidates so far in 

O4a (May 24 - Jan 16)! 
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Sensitivity and detection rate 

O1, O2, O3  
Over 2 years of collective observing time

As the GW detection rate increases, automation will become more important. 
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Recent news!  



What else might we detect with current detectors?

21McIver and Shoemaker, 2021

The unknown?



The next generation of GW detectors

A#/VirgoNEXT
• 4 km detectors
• 300 K
• 1064 nm laser
• 100 kg mirrors

Einstein Telescope 
• 10 km detectors 
• 300 K and < 23 K
• 2 microns
• 200 kg mirrors

Cosmic Explorer 1 
• 20-40 km detectors 

300 K
• 1-2 microns (?)
• 320 kg mirrors

Cosmic Explorer 2
• 20-40 km detectors
• 123 K
• 1-2 microns (?)
• 320 kg mirrors

Dawn IV workshop report (McIver et al, 2019); Cosmic Explorer Astro 2020 decadal submission 
(Reitze et al 2020); Einstein Telescope Conceptual Design Study (Punturo et al 2020)

A+/AdV+
• 3-4 km detectors
• 300 K
• 1064 nm laser
• 40 kg mirrors

2025 2030 2035 2040



The next generation GW detectors 
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40 km 4 km

aLIGO, 
A+, A# 

10 km

Einstein 
Telescope

Cosmic Explorer

40 km
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Slide by G. Losurdo
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Hall and Evans, 2019

300,000 BNS 
mergers! 

100,000 BBH 
mergers! 

1 merger every  
100 seconds! 
 
~5 will have SNR 
>300, unlocking 
post merger physics 
(NS EoS)

1 merger every 5 
minutes!  
~8 will be 
nearby (z<0.1) 
with median SNR 
of 600, up to 
SNR of ~2500!

CE Horizon Study, CE–P2100003–v7 (2021)
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Elevation = 0 m

40km flat laser path

Where would CE be built?

Δz = ?

 m ?Δz = 0.3  m ?Δz = 3  m ?Δz = 30
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Elevation = 0 m

40km flat laser path

Where would CE be built?

 m!Δz = 30
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Elevation = 0 m

40km flat laser path

Digging/filling volume

Assuming 4 m 
platform width 
and 10$/m3*~

 𝑧𝑖

45° 

platform width

For each 40 km  arm:  
V = 43 000 x 103 m3  ( 430 M$)~

 m!Δz = 30

Where would CE be built?

* Cosmic Explorer site and infrastructure, Kevin Kuns for the Cosmic Explorer Project (September 2019) CE-G1901564
Analysis and slide by François Schiettekatte, UdeMontreal 
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Elevation = 0 m

40km flat laser path

Digging/filling volume

Assuming 4 m 
platform width 
and 10$/m3*~

 𝑧𝑖

45° 

platform width

For each 40 km  arm:  
V = 43 000 x 103 m3  ( 430 M$)~

Choose a site with concave 
elevation such that  

V = 375 x 103 m3 (3-4 M$ !!) 

Δz ≈ 0

 m!Δz = 30

Where would CE be built?

* Cosmic Explorer site and infrastructure, Kevin Kuns for the Cosmic Explorer Project (September 2019) CE-G1901564
Analysis and slide by François Schiettekatte, UdeMontreal 



Many locations 
 in Canada!

red 
300-900, 
green 
900-1400, 
blue 
1400-2000  
x 103 m3 

All sites overlap 
with unceded 

indigenous 
territories and/or 

nations.

Analysis by 
François 
Schiettekatte, 
UdeMontreal 30

Based on approach by 
Kevin Kuns, MIT. 
This is not a CE 
Consortium analysis
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Cosmic Explorer noise budget

CE Horizon Study, CE–P2100003–v7 (2021)

Total



GW detector coatings teams in Canada
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UBC’s Stewart Blusson 
Quantum Matter Institute

LIGO @ UdeM/Poly

Bill Ludvik Martin             Alexandre           Émile Carl                 Sjoerd Normand   François
Baloukas Martinu Chicoine              Lussier            Lalande   Lévesque          Roorda Mousseau

Rosalie Shink

Université de Montréal/Polytechnique Montréal
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Mechanical microresonators 
Developing GW detector coatings at SBQMI

Slide by Dr. Kirsty Gardner

Gradient coatings: 
test different 
materials on the 
same chip 

Mechanical 
frequency 
gradient

Material A Material B

Material gradient



LIGO/Virgo LISA Pulsar timing CMB polarization
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The LISA mission

NASA
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LISA discovery space

LISA core team + consortium - 2017
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Galaxy formation and evolution

Hubble Interacting Galaxy ESO 593-8. Image: hubblesite.org

LISA will be able to 
localize massive BH 
sources to a few 
arcminutes at z=1!  
S. McWilliams et al. 2011 
arXiv 1104.5650   

LISA will be able to 
measure massive BH 
distance with less than 
10% error at z=4!   
E. Berti et al. 2005. arXiv 
0504017   

http://hubblesite.org


Experiment/analysis

Multi-messenger

Theory

Jess McIver Scott Oser

Daryl Haggard

John Ruan

Nahee Park

Liliana Caballero Huan Yang

Will East

David Morrissey

Saurya DasSaeed Rastgoo

A 
snapshot 
of current 

LISA 
Canada 
efforts  

 



Get involved with GW physics/astrophysics

Open invitation to join the CITA GW astrophysics 
focus group (meets weekly on Tuesdays at 3pm 
Eastern) led by Phil Landry (CITA) - reach out to 
Phil at plandry@cita.utoronto.ca

Join the Cosmic Explorer 
Consortium - open membership: 
https://cosmicexplorer.org/  

Explore the Gravitational Wave Open Science 
Centre (host of LIGO/Virgo data and analysis 
tutorials/web courses) - gwosc.org 

Join the LISA Consortium - 
lisamission.org/signup

Explore previous LISA Canada workshops - LISA 
Canada 2021 white paper, Talks on YouTube Apply to join the LIGO Scientific 

Collaboration - chat with the LSC 
Deputy Spokesperson (Jess) 

mailto:plandry@cita.utoronto.ca
https://cosmicexplorer.org/
http://geoscience.org
https://signup.lisamission.org/signup
https://meetings.triumf.ca/event/220/attachments/2327/2641/LISA_Canada_White_Paper_2021_circulation_v4.pdf
https://meetings.triumf.ca/event/220/attachments/2327/2641/LISA_Canada_White_Paper_2021_circulation_v4.pdf
https://www.youtube.com/@lisacanada6962/playlists


https://dawn7.phas.ubc.ca/

We are excited to announce that Dawn VII 2024 will be held in person at the 
University of British Columbia Wednesday, June 12 – Thursday, June 13, 2024 

with satellite meetings on Friday, June 14.  

https://dawn7.phas.ubc.ca/
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The UBC GW astrophysics team: https://gravitational-waves.phas.ubc.ca/

Jess 
McIver 

Asst. Prof 
UBC,  

CRC T2 in 
GW atrophys.

Gravitational wave science that our team is excited about:

GW detector noise mitigation LIGO detector characterization

Compact binary coalescences;  
eccentricity and precession 

Electromagnetic follow-up 

LISA source and data analysis

LIGO data calibration

Continuous 
waves from 
spinning 
pulsars



This material is based upon work supported by NSF's LIGO Laboratory 
which is a major facility fully funded by the National Science Foundation.


