
Dec 2, 2021 Florent Robinet
1

Recent results from 
gravitational-wave searches

Florent Robinet
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Gravitational wavesGravitational waves

Minkowski metric + small perturbation

→ gravitational waves 
speed of light + 2 polarizations

PSR1913+16
Loss of energy through gravitational waves
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Gravitational-wave detectorsGravitational-wave detectors

Virgo (Italy) LIGO Hanford (USA)LIGO Livingston (USA)

GW150914: First gravitational-wave 
event detected by LIGO

The signal is produced by the 
merger of 2 black holes

Kilometer-scale Michelson 
interferometric detectors

The detectors are designed 
to sense gravitational waves 
from astrophysical sources 
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Sensitivity to gravitational wavesSensitivity to gravitational waves

Quantum shot noiseThermal noise

+ Technical noise:
– control and saturation
– electronic
– scattered light
– environment
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Detector noiseDetector noise

duration

fr
e
q
u

e
n
cy

1 s 1 min 1 hour
∞

10 Hz

100 Hz

1000 Hz

T
→

 ∞
: 

st
at

io
na

ry
 n

oi
se



Dec 2, 2021 Florent Robinet
6

Gravitational-wave sourcesGravitational-wave sources
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Gravitational-wave sourcesGravitational-wave sources

duration

fr
e
q
u

e
n
cy

1 s 1 min 1 hour
∞

10 Hz

100 Hz

1000 Hz

T
→

 ∞
: 

st
at

io
na

ry
 n

oi
se



Dec 2, 2021 Florent Robinet
8

Gravitational-wave sourcesGravitational-wave sources
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Gravitational-wave sourcesGravitational-wave sources
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Gravitational-wave sourcesGravitational-wave sources
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Gravitational-wave sourcesGravitational-wave sources
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Historical eventsHistorical events

GW150914
→ Gravitational-wave discovery

– Direct observation
– Existence of a black-hole binary
– First evidence of high-mass stellar black holes (> 25 Msun)

→ Parameter estimation
– 36 Msun + 29 Msun  → 63 Msun 
– Spin not well-constrained (short signal)

→ First opportunity to test GR in a strong-field regime
→ In-depth review of instrumental and environmental noise

GW170817
→ First gravitational-wave signal from the merger of 2 neutron stars
→ Birth of multi-messenger astronomy with gravitational waves
→ Observed in coincidence with a short gamma-ray burst
→ Kilonova followed-up over months in all wavelengths

→ Tests of GR (PN coefficients, Lorentz invariance, massive gravitons...)
→ Standard siren to measure the Hubble constant
→ Star equation of state and tidal effects 
→ Source of heavy elements (via r-process nucleosynthesis)
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LIGO-Virgo data setsLIGO-Virgo data sets

→ O3 run = O3a (Apr-Oct 2019) + O3b (Nov. 2019 – Mar. 2020)
→ Binary neutron star range improvement: x 1.5 (LIGO), x 1.75 (Virgo) / O2

→ O4 will start in Dec. 2022 with more sensitive LIGO and Virgo detectors
→ Event rate x 10 → ~1 CBC event / day
→ KAGRA (Japan) will join the network with a limited sensitivity (>1Mpc) 



Dec 2, 2021 Florent Robinet
14

O3 resultsO3 results

Increased statistic of you detection set → access “corners” of your parameter space:
“Exceptional” events
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GW190521: High-mass black holesGW190521: High-mass black holes
Phys.Rev.Lett. 125 (2020) 10, 101102

Astrophys.J.Lett. 900 (2020) 1, L13

→ Shortest signal detected so far (~ 100 ms) → Only ~4 cycles between 30 Hz and 80 Hz

→ Heaviest progenitor: 85 Msun + 66 Msun → 142 Msun

→ Cosmological distance: 5.3 Gpc

→ Could match signals from other sources?
Alternative scenarios: orbital eccentricity, gravitational lensing, primordial black holes, cosmic strings, 

core-collapse supernova
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GW190521: High-mass black holesGW190521: High-mass black holes
Phys.Rev.Lett. 125 (2020) 10, 101102

Astrophys.J.Lett. 900 (2020) 1, L13

Mass gap predicted by pair-instability (PI) supernova theory : 65 – 120 Msun

→ Low likelihood for the primary black holes to originate from stellar collapse

Final black hole = intermediate mass (100 – 105 Msun)
→ First detection in this mass range
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GW190521: High-mass black holesGW190521: High-mass black holes
Phys.Rev.Lett. 125 (2020) 10, 101102

Astrophys.J.Lett. 900 (2020) 1, L13

Evidence for large initial spins + large misalignment 
with the orbital angular momentum

→ orbital precession
→ indication of a capture formation mechanism
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GW190412: asymmetric massesGW190412: asymmetric masses
Phys.Rev.D 102 (2020) 4, 043015

For the first time: q  = m2/m1 = 8.0/31.7  < 1

Detectable signal from higher-multipole
(above the quadrupole)

GR tests in a new regime 
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GW190425: massive neutron stars (?)GW190425: massive neutron stars (?)

→ Probably the second merger of 2 neutron stars (?)
→ Single-detector event
→ Detected with low-latency but no EM counterpart was found (GRB signal in INTEGRAL data?)
→ Total mass is higher than what is known from galactic binaries
→ No evidence of tidal effects
→ Light black holes ? 
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GW200115 & GW200105GW200115 & GW200105

The “missing” gravitational-wave source: BBH (2015) → BNS (2017) → NSBH (2020)

Astrophys.J.Lett. 915 (2021) 1, L5
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O1: first discoveriesO1: first discoveries

2015  (O1)
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O2: first catalog GWTC1O2: first catalog GWTC1

2018 (O1+O2)
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O3a: second catalog GWTC2O3a: second catalog GWTC2

2020 (O1 – O3a)
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O3b: third catalog GWTC3O3b: third catalog GWTC3

2021  (O1 – O3)
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O3b: third catalog GWTC3O3b: third catalog GWTC3

→ Events are listed in the catalog if 
pastro > 0.5 (~10-15 % false alarm)

→ 90 events (35 in O3b)

→ + ~1000 sub-threshold events

→ Final calibration + in-depth data quality 
studies and noise subtraction

→ 3 CBC- template searches + 1 unmodeled 
search

→ Parameter estimation studies
– high spins (χ > 0.8)
– extreme mass ratio (q < 0.1)

→ Waveform models start to be limited

e-Print: 2111.03606 [gr-qc]

https://arxiv.org/abs/2111.03606
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Population studiesPopulation studies

→ Gravitational-wave events from the catalog are used to infer merger rates
– BNS: 13 Gpc-3 yr-1 – 1900 Gpc-3 yr-1 (95%)
– NSBH: 7.4 Gpc-3 yr-1 – 320 Gpc-3 yr-1 (95%)
– BBH: 16 Gpc-3 yr-1 – 130 Gpc-3 yr-1 (95%)

→ Merger rates as a function of mass

→ Merger rates as a function of redshift: ~(1+z)2.7 for z < 1

→ Correlation studies (spin magnitude vs. mass ratio)

→ Formation scenarios

E-Print: 2111.03634 [astro-ph.HE]

→ Entering the high-statistical 
regime

→ Parameters can be binned! 

https://arxiv.org/abs/2111.03634
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Unmodeled searchesUnmodeled searches

CCSN waveform models NS glitch waveform models

long-duration waveform models

→ Various sources of gravitational waves with poorly-modeled waveforms
Core-collapse supernovae, isolated deformed neutron stars, BH accretion disk 
instabilities, eccentric binaries…

→ Wide parameter space

→ All-sky and all-time searches based on excess-power methods 

Phys.Rev.D 104 (2021) 10, 102001

E-Print: 2107.03701 [gr-qc]

https://arxiv.org/abs/2107.03701
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Targeted searchesTargeted searches

→ Use triggers from other channels to target gravitational-wave searches
Gamma-ray bursts, neutrinos, Magnetar flares, fast-radio bursts

→ GRB triggers: Use both CBC-modeled and unmodeled searches

→ No detections: exclusion distance, population studies

E-Print: 2111.03608 [astro-ph.HE]

https://arxiv.org/abs/2111.03608
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ConclusionConclusion

→ Many O3 results have been released:
– New discoveries (NSBH, intermediate-mass BH...)
– “Exceptional” events used to derive important science
– Major step in terms of number of detections → population studies
– Cosmology implications: H0 estimate

→ Disappointment: no new multi-messenger event :-(

→ Upcoming science with O3 data
– Testing GR with CBC events
– Searches targeting FRB, Magnetar flares, high-energy neutrino... 

→ O3 dataset is publicly available

→ Future prospects: see Tito’s talk
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