
Gravitational wave : 
recent results and future of the field
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What are Gravitational waves ?
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1916-2016: a century of progress
v 1916: GW prediction (Einstein)

v 1963: rotating BH solution (Kerr) 

v 1990’s: CBC PN expansion 
(Blanchet, Damour, Deruelle,
Iyer, Will, Wiseman, etc.)

v 2000: BBH effective one-body 
approach (Buonanno, Damour)

v 2006: BBH merger simulation
(Baker, Lousto, Pretorius, etc.)

1957 Chapel Hill Conference (Bondi, Feynman, Pirani, etc.)
Ø 1960’s: first Weber bars

Ø 1970: first IFO prototype (Forward)
Ø 1972: IFO design studies (Weiss)
Ø 1974: PSRB 1913+16 (Hulse & Taylor)

Ø 1980’s: IFO prototypes (10m-long)
Ø (Caltech, Garching, Glasgow, Orsay)

Ø End of 1980’s: Virgo and LIGO proposals

Ø 1990’s: LIGO and Virgo funded

Ø 2005-2011: initial IFO « science » » runs

Ø 2007: LIGO-Virgo Memorandum
Of Understanding

Ø 2012 : Advanced detectors funded

Ø 2015: First Advanced LIGO science run
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See E. Porter’s lecture
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GW zoology
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Waveform
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Interferometer and GW
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Detected signal proportional to h(t) 

Sensitivity : almost full sky

Averaged beam 
antenna



Advanced generation detectors
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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

200 W



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



GW detections
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Coalescing binaries
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See E. Porter’s lecture



Detecting black holes
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Abbott et al, PRX 9 (2019)

See S. Markoff, E. Porter’s 
lectures
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Sky error regions

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



Testing General relativity in a new regime

Abbott et al. PRL 116, 221101 14
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
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GW170817 :First binary neutron star 
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1/5 =1.188−0.002
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¤

Known BNS 

Allow by EOSs

GW170817: Observation of Gravitational Waves from a Binary Neutron Star Inspiral , Abbott et al. , PRL 119, 161101
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A first electromagnetic counterpart
« Gravitational waves and Gamma-rays from binary neutron star merger: GW170817 
and GRB170817A », Abbott et al., ApJ,  2017
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See F, Daigne’s lecture



Remanent object
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Properties of the binary neutron star merger GW170817, Abbott et al, submitted to PRX, 2018

QNM ≥ 6kHz

Signal from ms to 10s ks

delay between
ms to 10s of ks

Signal ~ ms



Equation of state of nuclear matter
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Constraints on EOS
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) 

h(t)∝
Mchirp

5/6

D
f (cos i)

Del Pozzo, PRD 86, 043011 (2012)

See M. Rigault ’s lecture



Test for fundamental physics
using time delay and source distance
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−3 10−15 ≤ vGW − vEM
vEM

≤ + 710−16

δtS = −
1+γ
c3

U(r(l))dl
re

ro∫

−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



Kilonova
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Kilonova – spectral observations

24

Date

Blue Red Near infrared

Grawita Spectrum ESO/VLT & Gemini

ePESSTO - Spectrum ESO/VLT & Gemini

Signal
continuous (BB)

absorption Cs,Te

Blue Red Near infrared

TGW+2.5 d



GW detectors in 
the next months
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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 !!!



Accessing data
https://www.gw-
openscience.org/about/



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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Formation of first stars

Maximal distance for coalescing objects



Going into space : LISA



Conclusions
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Backup



Can we say something on graviton ?

109 1010 1011 1012 1013 1014 1015 1016 1017

�g (km)

0.0

0.2

0.4

0.6

0.8

1.0

pr
ob

ab
ili

ty J0
73

7-
30

39

So
la

rS
ys

te
m

G
W

15
09

14
90

%
ex

cl
us

io
n

re
gi

on

A
bb

ot
t e

t a
l.

PR
L 

11
6,

 2
21

10
1

34



GW170817 parameters

Abbott et al PRX 9, 2019
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Coalescing binaries


