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Introduction: Gravitational Waves

Spacetime tells matter how to move; matter tells 
spacetime how to curve (J.A. Wheeler)

● Einstein solution to GR equation that 
looks like waves
● Quadrupole nature
● Two indipendent polarizations
● Transverse waves

Credits Victor Sanz Sanchis



Introduction: Interferometers
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Introduction: CW – Neutron stars
Persistent

• Quasi-monochromatic waves 
with a slowly decreasing 
intrinsic frequency 
(spindown) in the source 
frame

• Weak but persistent over years 
of data taking

CONTINUOUS
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3200 known 
neutron stars 
known up to date! 
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CW signal
• Signal model 

• At the source
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CW signal
• Signal model 

• At the source
Earth rotation

Earth revolution

Neutron star binary 
revolution

Relativistic effects
• At the detector

Time delaysA Singhal et al 2019 Class. 
Quantum Grav. 36 205015​
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https://iopscience.iop.org/article/10.1088/1361-6382/ab4367
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CW signal
• Signal model 

• At the source

• At the detector

Time delaysA Singhal et al 2019 Class. 
Quantum Grav. 36 205015​

Artificial CW signal in 2 days Hanford O3 data

Demodulated signal
Modulated signal
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Not a sinusoid 

A sinusoid!

Not a sinusoid 

CW signal: Resampling technique



CW signal: Resampling technique
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Not a sinusoid 

A sinusoid!

Not a sinusoid 

∆τ   depends on



Current status: Results
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CW: Scorpius X-1

• Low Mass X-ray binaries (LMXBs) in a state of 
torque balance, could be a strong CW source 
with

• Scorpius X-1 is the brightest known LMXB
• Unknown frequency and its evolution J. Papaloizou, J. E. Pringle (1978), Monthly Notices of the Roy

al Astronomical Society, 184 (3), 501-508​ 
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Conclusions
● O4 is ongoing and it will last 

until October 2025

● Hopefully, we will be able to 
claim the first detection of 
Continuous Gravitational 
waves!
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● Hopefully, we will be able to 
claim the first detection of 
Continuous Gravitational 
waves!

● In the meantime... 
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Resampling: Signal at detector
Fast term

Amplitude modulation term
• H+,×  are the complex polarization 

amplitudes

• A+,×(t)  are the time-dependent sidereal 
detector response functions 
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Freqeuncy [Hz]

• H+,×  are the complex polarization 
amplitudes

• A+,×(t)  are the time-dependent sidereal 
detector response functions 



Resampling: Coincidence veto
For every candidate above threshold in a given detector, coincidence candidates are searched 

for in 9 intervals in the other detector, having widths outlined below

INTERNAL VETO

INTRA-DETECTOR 
VETO

A Singhal et al 2019 Class. 
Quantum Grav. 36 205015
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Introduction: Interferometers
• O3 data taking (https://gwosc.org/O3/) :

• Start: April 1, 2019
• End: March 27, 2020
Search frequency range:

f∈[10,1000] Hz

O3 amplitude spectral density curves

17/01/25 Francesco Amicucci 28

https://gwosc.org/O3/
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Introduction: Gravitational Waves





TexMaths28§display§R_{\mu\nu}-\frac{1}{2}Rg_{\mu\nu}=\frac{8\pi G}{c^4}T_{\mu\nu}§svg§600§TRUE§Spacetime tells matter how to move; matter tells spacetime how to curve (J.A. Wheeler)



		Einstein solution to GR equation that looks like waves

		Quadrupole nature



		Two indipendent polarizations



		Transverse waves
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Introduction: CW – Neutron stars







Persistent





		Quasi-monochromatic waves with a slowly decreasing intrinsic frequency (spindown) in the source frame







		Weak but persistent over years of data taking
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3200 known neutron stars known up to date! 
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CW signal



		Signal model 





		At the source
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CW signal



		Signal model 





		At the source











Earth rotation



Earth revolution
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Relativistic effects









		At the detector







Time delays
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CW: Scorpius X-1





Immagine che contiene spazio, trasporto, razzo, Spazio esterno

Descrizione generata automaticamente		Low Mass X-ray binaries (LMXBs) in a state of torque balance, could be a strong CW source with













		Scorpius X-1 is the brightest known LMXB



		Unknown frequency and its evolution
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Conclusions





		O4 is ongoing and it will last until October 2025







		Hopefully, we will be able to claim the first detection of Continuous Gravitational waves!
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Resampling: Signal at detector









TexMaths22§display§h(t)=h_0\left(H_+A_+(t)+H_\times A_\times(t)\right)e^{i\Phi(t)}§svg§600§TRUE§



Fast term





Amplitude modulation term



		H+,×  are the complex polarization amplitudes





		A+,×(t)  are the time-dependent sidereal detector response functions 
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Freqeuncy [Hz]



		H+,×  are the complex polarization amplitudes





		A+,×(t)  are the time-dependent sidereal detector response functions 











Resampling: Coincidence veto







For every candidate above threshold in a given detector, coincidence candidates are searched for in 9 intervals in the other detector, having widths outlined below











































INTERNAL VETO



INTRA-DETECTOR VETO
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Introduction: Interferometers



		O3 data taking (https://gwosc.org/O3/) :

		Start: April 1, 2019



		End: March 27, 2020











Search frequency range:

	f∈[10,1000] Hz







O3 amplitude spectral density curves
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DS: 9 peaks





E’ importante evidenziale quali tipo di dati andremo ad usare nella tesi. Un’onda gravitazionale è caratterizzata dalla sua ampiezza, o strain, e della frequenza dell’onda, insieme alle sue derivate. L’output degli interferometri è una serie temporale che ci fornisce informazioni sullo strain, mentre dalla sua trasformata di Fourier è possibile ottenere informazioni sulla frequenza. In queste tesi lavoreremo estraendo solamente bande larghe 1 Hz nell’intervallo di frequenza desiderato, dato che lavorare con l’intera serie di dato dello spettro di potenza del rivelatore è molto costoso dal punto di vista computazionale.



























Detection Statistics



Resampling: Coincidence veto
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The most promising CW sources are galactic neutron stars (NSs) with a time varying mass quadrupole, and they are one of the key science targets in the advanced detector era. Due to the small expected deformation of a NS, these signals are very weak, especially when compared to the signals coming from the final stages of compact-binary-coalescence sources. There are several mechanisms throught which a NS can emit CWs.













                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           


