
Gravitational wave : 
recent results and future of the field
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What are Gravitational waves ?
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Advanced generation detectors

4

Michelson interferometer
Goal : (Lx-Ly)/Lx = 10-23

High power laser

High quality
optics – 40 kg
Surface RMS ~nm

Fabry-Perot
cavities

Suspended
Optics

Attenuation
1014 @ 10 Hz

Full system under
vacuum ~10-12 atm

Feedback loops from
few Hz to few kHz
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Detected signal proportional to h(t) 



Sensitivity
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GW network
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GEO, Hannover, 600 m

aLIGO Livingston, 4 km

AdV, Cascina, 3 km

aLIGO Hanford, 4 km 9/2015

8/2017

~~2019
~~2024

• Increase the detection 
confidence 

• Source sky localization
• Source parameters inference
• GW polarization 

determination
• Astrophysics of the sources

Averaged beam 
antenna
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Sky error regions

Sky map reconstructed with time of flight technic
Large improvement since Virgo joined data taking



GW detections
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Coalescing binaries
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Detecting black holes
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Abbott et al, PRX 9 (2019)



GW170817 :First binary neutron stars 

11ePESSTO - Spectrum ESO/VLT & Gemini

Signal
continuous (BB)

absorption Cs,Te

Blue Red Near infrared



Constraints on Equation of state of nuclear matter
Credits: P. Schmidt; NR data: T. Dietrich
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Hubble constant measurement
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H0 = 70−8
+12

kms
−1
Mpc

−1

"A standard siren measurement of the Hubble constant with GW170817", 
Nature 551, 85 (2017) 
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Del Pozzo, PRD 86, 043011 (2012)



Test for fundamental physics
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−3 10−15 ≤ vGW − vEM
vEM

≤ + 710−16
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−2.610−7 ≤ γGW −γEM ≤1.210−6

gravitational
potential

Deviation to Einsten-Maxwell

Improve between a factor 2 and 1010

previous constraints

"Gravitational Waves and Gamma Rays from a Binary Neutron Star Merger: GW170817 and GRB 170817A", ApJL (2017)

Falsify most of models predicting a difference with c
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GW detectors in 
the next months
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Adding new instruments : parameters inference
Comparison between 3 and 5 detectors for sky localization
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Improving sensitivity

Merger physics

Number of sources

Mass accuracy
High z
High masses



Towards 3G (2030-2035)
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Credit Evan Hall

Formation of first stars

Maximal distance for coalescing objects



Going into space : LISA



Conclusions
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Backup



GW zoology
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Short duration (1sec) Long duration (∞)

Waveform
known

Waveform
unknown



Testing General relativity in a new regime

Abbott et al. PRL 116, 221101 23
Abbott et al. 2019 submitted



Polarization in GR
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Tensor modes

Only ones expected with GR

Vector modes

Scalar modes

Allowed by other gravitation theories

Favor pure tensor vs pure vector or scalar

Cannot conclude on mixed version

GW170814: A Three-Detector Observation of Gravitational Waves from a Binary Black Hole Coalescence, Abbott et al. , PRL 119, 141101

Antenna pattern



Can we say something on graviton ?
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Kilonova
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First public alerts – not confirmed detections ! 
190412 BBH – ~810 Mpc

190421 BBH - ~2.3Gpc

190425 BNS – ~150 Mpc

190426 NSBH - ~380 Mpc

190521g BBH – ~4 Gpc
Only few 

examples !!!


