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Gravity is a manifestation of spacetime curvature induced by mass-energy 

4 

Einstein’s Theory of Gravitation 

“Spacetime tells matter how to move; matter 
tells spacetime how to curve”  

(John Archibald Wheeler) 



Gravitational Waves	
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Gravitational Waves 

Comparison with electromagnetic waves 

Horizontal 
polarization 

Vertical 
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The so-called “electromagnetic theory of light” has not  helped us hitherto . .   
it seems to me that it is rather a backward step . . . the one  thing about it that seems 
intelligible to me, I do not think is admissible . . That  there should be an electric 
displacement perpendicular to the line of propagation’                                   Lord Kelvin 
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Since the pioneering work of Joseph 
Weber in the ‘60, the search for 
Gravitational Waves has never 
stopped, with an increasing effort of 
manpower and ingenuity: 

60’: Joe Weber  
pioneering work 

 90’: Cryogenic Bars 

Some perspective: 50 years of attempts at detection: 

2000’ -  : Large Interferometers  1997: GWIC was formed 
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Global Network of Detectors 
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GW150914: the signal 

E. Coccia - New Results on GW Search 16 

•  Top	row	le)	–	Hanford					
•  Top	row	right	–	Livingston			
•  Time	difference	~	6.9	ms	

with	Livingston	first	

•  Second	row	–	calculated	
GW	strain	using	
Numerical	RelaEvity	
Waveforms		for	quoted	
parameters	compared	to	
reconstructed	waveforms	
(Shaded)	

•  Third	Row	–residuals	

•  BoKom	row	–	Eme	
frequency	plot	showing	
frequency	increases	with	
Eme	(chirp)	

September	14th,	2015	at	09:50:45	UTC	

14 Febbraio 2016 
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GW150914: Estimated Strain Amplitude 

•  Numerical	relaEvity	models	
of	black	hole	horizons	
during	coalescence	

•  EffecEve	black	hole	
separaEon	in	units	of	
Schwarzschild	radius	
(Rs=2GMtot/c2=210km);		
and	effecEve	relaEve	
velociEes	given	by	post-
Newtonian	parameter	v/c	=	
(GMtotπfGW/c3)1/3	

Binary Black Hole System 
•  M1 = 36 +5/-4 Msol 
•  M2 = 29 +/- 4 Msol 
•  Final Mass = 62 +/- 4 Msol 
•  distance=410 +160/-180 MPc 
     (redshift z = 0.09) 
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La Collaborazione Virgo 





The international PhD school Gran Sasso Science 
Institute has started its educational and scientific 
activities in 2013, and is now at the end of its third 
year of life. 

4 courses: 
•  Astroparticle Physics 
•  Mathematics in Natural, Social and Life Science  
•  Computer Science  
•  Urban Studies  
36 PhD students selected in the first year 2013-2014 
40 PhD students selected for the second year 2014-2015 
40 PhD students selected for the third year 2015-2016 
Also appointed: 28 Post-docs with two-years research grants 

Director: E. Coccia 
Coordinators: F. Vissani (INFN), P. Marcati (L’Aquila), R. De Nicola (IMT) , A. Calafati (Ancona). 
 
Scientific Committee: F. Barca (MEF, Italy, Chair); R. Barbieri (SNS, Italy); B. Barish (Caltech, 
USA); S. Iammarino (London School of Economics, UK); A. Quarteroni (Politech. Losanna, CH);  
A. Sangiovanni  Vincentelli (Berkley, USA).   

www.gssi.infn.it 



www.gssi.it	




