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Introduction

 Gravitational waves

 Direct observations

 Binary searches

 Neutron star parameters



 General relativity, connects the curvature of 

spacetime with the matter content, its motion 

and properties

 Gravitational waves, change of gravitational 

field, ripples of spacetime, propagating with 

the speed of light

 Linear approximation, far from the source 

GWs are described as the perturbation of the 

flat metric

Ripples in spacetime



Gravitational waves

 Gauge fixing, two polarization states

 Observation of relative length changes 

driven by tidal forces



GW sources

- Supernova explosion

- Rotating neutron stars

- Stochastic sources             

- Coalescing binaries              

Frequency

1Khz

1 ... 10Khz

200Hz ... 2Khz

Coalescing compact binaries, proved to be significant

sources of GWs, are characterized by well defined

waveforms in their early and late evolution stages

(perturbative description)



Gravitational waves

From NASA’s Astronomy Picture of the Day



Observatories worldwide



Direct observations - GW150914, GW151226, GW170104



Direct observations - GW150914, GW151226, GW170104

GW150914

GW151226

GW170104



Direct observations



Further improvements

 Continuing observations and upgrades

 International efforts for 3rd generation detectors

Gravitational Wave International Committee



 Worldwide network of GW detectors, 

collaboration between LIGO and Virgo 

since 2007, sharing of data, analysis 

methods, computational resources, etc.

 Coincidence measurements, filtering 

false signals

 Accurate sky localization

LV collaboration



 determination of h(t) (online): change 

of the interference pattern

 environmental sensors, signals from 

control system

 20 kHz sampling rate (8 byte float), 

transmission of data to computer centers 

(IN2P3, CNAF)

Collection of data



 generation of GW templates 

(few % deviation, large parameter space)

 matched filtering

 collecting coincident events

 χ2 test and further signal-based 

filtering

 for multiple coincidences further

tests, … 

Data Analysis – dedicated algorithms for CBC



 Low latency online search algorithms

 Follow up observations with high energy, 

optical, infrared and radio instruments

 For BH sources no EM counterpart is 

expected

Sky localization



Kyutoka etal, 2015

NS observations, EM counterpart



Waveforms

 Numerical evolution

e.g. LORENE, KADATH

 GR and hydrodynamics 

e.g. Rezzola and Takami, 2016



 post-Newtonian approximation
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Waveforms

Zhang, 2013

Blanchet, 2005



Waveforms

 Stationary Phase Approximation

 GW phase

 NS tidal love number:  ~ 200

for black holes: 0

Favata, 2014



Favata, 2014

NS observations



GW astronomy



Thank you for your attention !


