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GW can propagate from the 
inflationary period, if it existed, to 
the present, contrary to EM waves

GWs
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Gravitational waves detected by LIGO!

September 14th, 2015,  
09:50:45 UTC.  
Range: from 35 to 250 Hz





Implications of the detection:

- Gravitational waves exist 
- Compact objects very much like to black holes exist 
- Gravitational waves transport energy —> the gravitational field has 

energy in absence of matter/radiation 
- Spacetime has a dimensionality of n=4 or higher. 
- Existence is non-local.

Gravitational wave astronomy is born!

“He’s looking at you kiddo” 



Gravitational wave detection with pulsars
EPTA/LEAP

IPTA











The Einstein Telescope has been proposed by 8 European research institutes: 

European Gravitational Observatory 
Istituto Nazionale di Fisica Nucleare 
Max Planck Society 
Centre National de la Recherche Scientifique 
University of Birmingham 
University of Glasgow 
NIKHEF 
Cardiff University

The arms will be 10 km long 
(compared to 4 km for LIGO, 
and 3 km for Virgo), and like 
LISA, there will be three arms 
in an equilateral triangle, with 
two detectors in each corner. 

The low-frequency interferometers (1 to 250 Hz) will use optics cooled to 10 K 
(−441.7 °F; −263.1 °C), with a beam power of about 18 kW in each arm 
cavity. The high-frequency ones (10 Hz to 10 kHz) will use room-temperature 
optics and a much higher recirculating beam power of 3 MW. 



Thanks!
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Templates for GWs from BBH coalescence 

Merger: highly nonlinear 
dynamics. (Numerical Relativity) 

Ringdown  
(Perturbation  
 theory) 

(Brady, Craighton, Thorne 1998) 

Inspiral (PN methods) 

(Buonanno & Damour 2000) 

Numerical Relativity, the 2005 breakthrough:  
Pretorius, Campanelli et al., Baker et al. …  
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Gravitation  in empty space can only exists if n>3 

Why spacetime is 4D? 




