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Gravitational waves 101

➢ Unavoidable consequence of General Relativity

➢ Classical phenomenon (as far as we know)

➢ Theory and phenomenology well understood

➢ Measured in the weak regime

➢ Can be used to probe strong gravitational fields

➢ Can be used to test GR or alternative theories

➢ Can be used to test fundamental physics

➢ Information complementary to light and particles
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The gravitational-wave spectrum 
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The gravitational-wave spectrum 
LIGO
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Compact binary systems

Compact binary systems Bursts

Isolated compact objects Stochastic background

Sources LIGO can probe
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LIGO

Hanford, WA

Livingston, LA
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LIGO Schematics
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What it looks like from the 
outside
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What it looks like from the inside
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Virgo

GEO

LIGO Livingston

LIGO Hanford

LIGO India

KAGRA

International network
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Partners
75+ agreements with 
astronomers for electromagnetic 
follow-up

MOUs with Icecube, Antares for 
neutrino follow-up
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) Phys. Rev. Lett. 116, 061102

GW150914: September 14, 2015, 9:50:45 UTC
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) Phys. Rev. Lett. 116, 061102

Inspiral: low velocity 
and weak 
gravitational field. 

Late inspiral/plunge: 
high velocity and 
strong gravitational 
field.

Merger: nonlinear 
and non 
perturbative effects.

Ringdown: 
excitation of 
quasinormal modes
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Black hole masses

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03840
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Distance and final black hole

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03840
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Spins

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03840
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GW150914 statistical significance

• False alarm rate 
is less than 1 
event per 
203,000 years

• A significance of  
 > 5.1 sigma 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) Phys. Rev. Lett. 116, 061102
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Where did it come from?
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Skymap sent for EM follow-up

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration + Astronomers) arXiv:1602.08492
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Astrophysical 
implications

B. P. Abbott   et al. (LIGO Scientific 
Collaboration and Virgo Collaboration) 

arXiv:1602.03842

B. P. Abbott   et al. (LIGO Scientific Collaboration 
and Virgo Collaboration) ApJL, 818, L22, 2016

http://arxiv.org/abs/arXiv:1602.03842
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General Relativity tests

➢ Inspiral, merger and ringdown consistency tests

➢ Tests of QNMs

➢ Deviations from GR waveforms

➢ Graviton Compton length
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IMR consistency tests

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03841
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IMR consistency tests

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03841
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QNM tests

Can we probe the event horizon 
from the ringdown?

h( t⩾t 0)=A e−(t−t0 )/ τcos [ 2π f 0 (t−t 0)+ϕ0]

f 0∈[200,300 ]Hz , τ∈[0.5,20 ]ms
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QNM tests

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03841

Can we probe the event horizon 
from the ringdown?

➢ One measured damped mode

➢ Quality factor can be obtained 
with different mass and spin, 
overtones, harmonics.

➢ Consistent with GR but 
inconclusive

f 0∈[200,300 ]Hz , τ∈[0.5,20 ]ms

h( t⩾t 0)=A e−(t−t0 )/ τcos [ 2π f 0 (t−t 0)+ϕ0]
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Deviations from GR waveforms

➢ Allow for fractional changes 
with respect to the GR value

➢ Obtain constraints on 
possible deviations from GR
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Deviations from GR waveforms

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03841

➢ Allow for fractional changes 
with respect to the GR value

➢ Obtain constraints on 
possible deviations from GR
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Graviton Compton length
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Limit on graviton mass: mg ≤ 1.2 × 10−22 eV/c2 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) arXiv:1602.03841
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LIGO has opened a new window on the 
universe 

In the next 5 years, it is likely we will have:

➢ Hundreds of compact binary coalescence and other source detections

➢ SNR ~ 100 (GW150914 is ~ 24)

➢ Observation of fine details of these systems (number, distances, masses, spins, 
EoS, environment...)
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LIGO has opened a new window on the 
universe 

What can we do with this information?
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LIGO has opened a new window on the 
universe 

What can we do with this information?

In the next 5 years, it is likely we will have:

➢ Hundreds of compact binary coalescence and other source detections

➢ SNR ~ 100 (GW150914 is ~ 24)

➢ Observation of fine details of these systems (number, distances, masses, spins, 
EoS, environment...)

➢ Astrophysics of compact objects 

➢ Cosmology

➢ Fundamental physics
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Challenges / food for thought
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Challenges / food for thought
➢ What can we learn on the structure, formation, evolution of black holes and neutron stars? 

Can we think of new measurable effects?
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We have an open window in front of us, let's look what's beyond it!We have an open window in front of us, let's look what's beyond it!
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 Thank you!
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