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“The real voyage of discovery  
consists not in seeking new 

landscapes,  
but in having new eyes” 

!

Marcel Proust
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V. Cardoso, E. Franzin, P.Pani, Phys.Rev.Lett. 116 (2016)
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fundamental physics

For a fuller discussion, see 
N. Yunes, K. Yagi, F. Pretorius,  
Phys.Rev. D94 (2016) 8, 084002
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* Propagation mechanism

m  < 1.2 x 10   eV-22
g

Phys.Rev.Lett. 116 (2016) no.22, 221101



* Propagation mechanism

D. Blas, M. Ivanov, 
I. Sawicki, S. Sibiryakov 
JETP Lett. 103, 10, 624



BSM



Energy budget of the 
Universe

Dark 
Matter
Baryons

Dark 
Energy Cold, collisionless 

matter. 
Evidences from: 
Rotation curves, 
Galaxy clusters, 
Gravitational lensing 
CMB, 
Structure formation, 
… 



Ultra-light particles

10   eV-22 Sterile neutrinos

keV Thermal particles
weak scale

Primordial
black holes

Solar mass



Did LIGO detect  
Dark Matter ?

S. Bird et al., Phys.Rev.Lett. 116 (2016) no.20



Did LIGO detect  
Dark Matter ?

The GW emission must  
exceed the initial kinetic  
energy
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Did LIGO detect  
Dark Matter ?

* High dark matter density

* Low dispersion velocity
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Did LIGO detect  
Dark Matter ?

 X-ray photons emitted by the 
accretion to a PBH ionize and 
heat intergalactic medium gas 
near a PBH.



L. Chen, Q.-G. Huang, K. Wang, 1608.02174
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L. Chen, Q.-G. Huang, K. Wang, 1608.02174



The unexpected
G. Giudice, M. McCullough, AU,  
JCAP 1610 (2016) no.10, 001
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Tulin, Yu, Zurek, Phys.Rev.D87,11,115007  







Statistical distributions

Simulations from “The Synthetic Universe project”, 
http://www.syntheticuniverse.org/

http://www.syntheticuniverse.org/


Mass

Neutron stars

2~ 5~

Black holes

Statistical distributions

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



Mass

Neutron stars

2~ 5~

Black holes

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

“soft” X-ray transient

Statistical distributions



Statistical distributions

Mass

Neutron stars

2~ 5~

Black holes

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

“soft” X-ray transient



Outlook
* Exotic signature
- Formation  
- Computation of the merger rate   
density


