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Interferometer = GW antenna
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Wikimedia Commons, 
Schwarzbeck Mess-Elektronik

   Very precise ruler to measure distances between free-falling bodies using laser light  
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Ground-based detector broadband 
sensitivity 
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Sensitivity → amplitude → volume
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LVK targets are compact stellar remnants
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Gravitational-wave signal types 
of interest to the LVK... 

@astronerdika
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…and why they are interesting 
and useful 

@astronerdika
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● Tests of GR
● Cosmology (Hubble measurements)
● Jet physics / mergers / kilonovae
● Nuclear physics (hot matter)
● Rates and populations
● Cosmic strings and kinks
● …

● Tests of GR
● Detectors’ calibration 
● Nuclear physics (cold matter)
● Dark matter / particles beyond 

standard model searches
● …

 

Physics of: 
● supernovae
● magnetars 
● pulsar glitches
● Fast Radio Bursts
● … 

Probe into early Universe 
(cosmological 
background) 
and astrophysical 
populations or sources 



Electromagnetic vs gravitational waves
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Binaries emitting GWs: some intuitions 
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Compact binaries and their GW properties
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GW spectrum of ‘material’ binaries (for 
example, binary neutron stars)
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Read, Schmidt, Clark and Lackey (G1700453)



Testing gravity theories with 
inspiral-merger-ringdown signals 
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With hundreds of significant events already, one may think of various tests:



GW170817: speed of gravitation
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Binary system: distance-inclination 
degeneracy
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Observing runs 
https://observing.docs.ligo.org/plan

● O4a (LIGO detectors): 24 May 2023 - 16 Jan 2024
● O4b started 15:00 UTC on 10 April 2024

○ Virgo joined O4b

● Current plan: O4 ends 9 June 2025
○ Next update to the plan: 15 Jan 2025                 15

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


LIGO/Virgo/KAGRA Public Alerts: 
https://gracedb.ligo.org/superevents/public/O4/ 

Example of a well localized candidate event in O4:
https://gracedb.ligo.org/superevents/S240615dg/view/ 

Bilby constraints:
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O4a ended 
January 2024, 
providing 81 new 
high-confidence 
gravitational wave 
candidates

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


Estimating the probability of BNS 
and NSBH in O4

An estimate of the probability of a number N of detections is obtained based on the number 
N′ of previous detections (assuming they were of astrophysical origin), and on the ratio of 
the sensitive time-volume surveyed in the new run to that of previous runs, C=VT/V′T′

https://emfollow.docs.ligo.org/userguide/capabilities.html 17

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


O4: GW230529 and mass gap objects
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(slide from S. Sachdev, G2401007)



GW230529 properties
Online L1-only detection with GstLAL, MBTA, PyCBC (IFAR > 60 yr) 

No confirmed EM counterpart, no clear tidal constraints

19Abac et al., Astrophys. J. Lett. 970, L34 (2024)



GW230529: minimum black hole mass
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● inferred minimum mass of black holes in the NSBH population decreases 
with the inclusion of GW230529

● GW230529 increases the inferred rate of compact binary mergers with  
a component in the 3–5 M

☉
 range

Abac et al., Astrophys. J. Lett. 970, L34 (2024)



GW230529: influence on EM brightness
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● Fraction of EM bright 
NSBHs increases if 
we include 
GW230529 in the 
population
○ less massive 

black holes are 
more likely to 
tidally disrupt 
neutron stars

Abac et al., Astrophys. J. Lett. 970, L34 (2024)



SN 2023ixf (Abac et al., arXiv:2410.16565) 
Core collapse SN observed in Messier 101 (distance: 6.7 Mpc) in EM on 2023 May 
19th, during the LVK 15th Engineering Run
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(amplitude of a rotating NS ‘’bar’’, with 
ellipticity ϵ)

https://arxiv.org/abs/2410.16565


O4a limits on GW emission from known 
pulsars (Abac et al., arXiv:2501.01495) 
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For triaxial rotating NS,                                                           
to be compared with a ‘’spindown limit’’ on amplitude   

● The lowest upper 
limit on the 
amplitude is 6.4
×10−27 for the 
young energetic 
pulsar J0537−6910, 
while the lowest 
constraint on the 
ellipticity is 8.8
×10−9 for the bright 
nearby millisecond 
pulsar J0437−4715

● no evidence of 
non-standard 
polarizations as 
predicted by the 
Brans-Dicke theory

Crab: less than 0.01% of spindown 
energy is emitted in GWs

https://arxiv.org/pdf/2501.01495


Pulsar glitches and their relation to GWs

Possible GW signatures:

● Short-duration bursts: mainly from f-modes (high-frequency)
● “tCWs” (long-duration monochromatic transients): Whatever goes on in 

the neutron star at the glitch, it might cause a temporarily augmented 
quadrupole moment (an instability like an r-mode, or a ‘’mountain’’) 
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Some pulsars experience sudden 
spin-up events, caused by - we 
hope - internal redistribution of 
energy and angular momentum 
(starquakes and/or superfluid 
recoupling).



The Vela pulsar (J0835–4510)
● One of LVK standard target for CW searches: young, nearby (287 pc), 

frequency low but in sensitivity range (frot ∼11 Hz, fgw ∼22 Hz). Indirect 
spindown upper limit for persistent CWs already beaten with initial 
LIGO-Virgo (Abadie et al., 2011a).

● Strong glitches (Δf / f ∼ 10-6) every 1.5 years or so. Not as frequent or 
regular as J0537–6910 (the ‘’big glitcher’’), but much closer.

● First LSC search for short bursts from 2006 glitch (Abadie et al., 2011b).

● First tCW search on O2 open data 

for 2016 glitch (Keitel et al., 2019).

● No glitch during O3.

● Last glitch in 2021.

● Now a glitch during O4b with 

all three (LHV) detectors online! 
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[Chandra/NASA]

https://arxiv.org/abs/1104.2712
https://arxiv.org/abs/1011.1357
https://arxiv.org/abs/1907.04717


Dark matter searches
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(From G2401742 by David Keitel)

https://dcc.ligo.org/LIGO-G2401742


Dark matter searches
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(From G2401742 by David Keitel)

https://dcc.ligo.org/LIGO-G2401742


Summary and outlook 
At least 6 months more of observations in O4 - exciting data to explore and signals to 
detect: 

● ~100 more compact binary coalescence events (hopefully an EM bright one?) to 
broaden our understanding on astrophysics of compact objects, cosmology, gravity 
theory. 

We search for 

● short transient signals 
○ very heavy (primordial, intermediate mass?) binary black holes
○ supernovae, magnetar outbursts, GRBs, FRBs… 

● intermediate duration signals
○ post-glitch, r-modes from rotating neutron stars 

● long/persistent signals
○ stochastic background, asymmetric rotating neutron stars
○ very light (primordial, asteroid/planetary mass?) binary black holes  
○ dark matter and exotic particles - as astrophysical sources, but also directly interacting with 

interferometers (‘’direct detection’’)

● lensed gravitational waves 

using various state-of-the-art data analysis methods (also machine learning) 28




