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PART I 
!

INTRODUCTION









P.Ajith, arXiv:1107.1267

aLIGO noise power spectral density



P.Ajith, arXiv:1107.1267

aLIGO noise power spectral density





New BBH capabilities: simulation catalogs
171 simulations, all with inspiral, merger, and ringdown

Mroue, MAS, Szilagyi, Pfeiffer, Boyle, Hemberger, Kidder, Lovelace, Ossokine,
Taylor, Zenginoglu, Buchman, Chu, Giesler, Owen, Teukolsky, arXiv:1304.6077

Mark A. Scheel (Caltech) Numerical relativity Jun 06 2013 24 / 37

arXiv:1304.6077

https://www.black-holes.org/waveforms/



PART II 
!

TEST OF GR



Test of GR

Ellis, Mavromatos, Nanopoulos, arXiv:1602.04764	
Lorentz violation in graviton propagation

Blas, Ivanov, Sawicki, Sibiryakov, arXiv:1602.04188	
Upper bound (1.7) on the speed of propagation of gravitational waves

LIGO Scientific and Virgo collaborations, arXiv:1602.03841	
Bound on graviton mass

cfr. Yunes, Yagi, Pretorius, arXiv:1603.08955 	
for a comprehensive analysis of possible implications





PART III 
!

EXOTIC COMPACT 
OBJETCS 

!

(waveform)



Neutron Star merger 
“Neutron stars are compact stars (radius ~10 km). They can 

result from the gravitational collapse of a massive star. 	
Neutron stars are composed almost entirely of neutrons. 
They are supported against further collapse by quantum 

degeneracy pressure due to the phenomenon described by 
the Pauli exclusion principle.”



Mass

Neutron stars

2~ 5~

Black holes

On the existence of a “mass gap”

Typical compactness  
C = M/R = [0.1-0.2]
(C = 0.5 for a Schw. BH)



Neutron star binaries  
waveform 

Polytrope with 
Gamma = [2-3]



Neutron star binaries  
waveform 

Ruffert, Janka	
astro-ph/0106229



Exotic Compact Objects

Boson stars

Fermion stars

Dark energy stars

Axions, axion-like particles, moduli, flat 
directions….

Asymmetric self-interacting dark matter, 
unconventional states of ordinary matter, 
“mirror world” (twin Higgs)…



MACHOs
MAssive Compact Halo Objets  

Observational  
constraint  
from  
micro 
lensing  
events



Boson star
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Boson star binaries 
waveform
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Ringdown phase



[arXiv:0706.1513] 
[arXiv:1602.08759] 
[arXiv:1602.07309]

Ringdown phase



PART IV 
!

EXOTIC COMPACT 
OBJETCS 

!

(background)







Further reading:  
“Double compact objects I,II,III”, Dominik 
et al. 
[arXiv:1202.4901] 
[arXiv:1308.1546] 
[arXiv:1405.7016]
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PART V 
!

CONCLUSIONS



Humans have mainly relied on different forms of light 
to observe the Universe.  Today, we are on the edge of 

a new frontier in astronomy: GW astronomy.   
!

Gravitational waves carry information on the motions 
of objects in the Universe.  Since the Universe was 

transparent to gravity moments after the Big Bang and 
long before light, GWs will allow us to observe further 
back into the history of the Universe than ever before. 

!
Most importantly, GWs hold the potential of the 

unknown. Every time humans have opened new “eyes” on 
the Universe, we have discovered something unexpected 
that revolutionized how we saw the universe and our 

place within it.

- See more at: http://www.ligo.org/science.php


