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Resampling technique
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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

A Singhal et al 2019 Class. Quantum
Grav. 36 205015

07/05/25 Francesco Amicucci 8




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

fsiderear = 1.15 x> Hz

-

INTERNAL VETO

A Singhal et al 2019 Class. Quantum
Grav. 36 205015

07/05/25 Francesco Amicucci 9




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

fsiderear = 1.15 x> Hz

-

INTERNAL VETO

INTRA-DETECTOR
VETO

A Singhal et al 2019 Class. Quantum
Grav. 36 205015

07/05/25 Francesco Amicucci 10




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

Must coincide

. with at least 3
fsidereal = 1.15 X2 Hz coincidences in
- each detector
INTERNAL VETO
~ ~8
INTRA-DETECTOR 3/Tobs = 9.5 x 107° Hz
VETO
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Introduction: CW signal

o Signal model h(t) ~ h @ We set spindown terms to zero,
0%

i.e., fow=const
e At the source

NS (7_> = o + 27 faw - (7_ - 7_0) Earth rotation

Earth revolution
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Introduction: CW signal

Artificial CW signal in 10 days Hanford O3 data
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Resampling technique
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Resampling: Signal at detector

Fast term
0(E) = ho (H A4 (1) + H A () £210D) =

|

Amplitude modulation term

* H._ . arethe complex polarization
amplitudes

A, .(t) are the time-dependent sidereal
detector response functions
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Resampling: Signal at detector

h(t) = ho \(H+A+( )+ HxA
|

Amplitude modulation term

* H, . are the complex polarization
amplitudes

* A, .(t) are the time-dependent sidereal

detector response functions

They depend 5 Fourier
on the source components
location

P Astone et al 2010 Class. Quantum Grav. 27 194016
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Resampling: Signal at detector

F
h(t) = hg \(H_|_A_|_(t) + H A . - ast term

|

44 |
Amplitude modulation term 10

5 frequencies centred at fow spaced with the
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100.5 Hz
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Resampling: 5 vectors

Ay (t) 2(t) = h(t) + n(t)

Detector functions Data series Fourier components at the

5 frequencies where the
signal power is split

Rl = [ (e 2Rty
A, «(f) X(f) k={-2-1,01,2)

Source templates Data 5-vectors
5-vectors
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Resampling: Detection Statistics (DS)
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Resampling: DS threshold

CW Candidates
_S—p |

is more robust to noise
o 104?
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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
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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
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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











TexMaths20§display§{\color{Fuchsia}\mathbf{f_{\textrm{sidereal}} =1.15\times^{-5} \textrm{ Hz}}}§svg§600§TRUE§Francesco Amicucci







A Singhal et al 2019 Class. Quantum Grav. 36 205015​



07/05/25







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
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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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Introduction: CW signal



		Signal model 





		At the source











Earth rotation



Earth revolution



Neutron star binary revolution



Relativistic effects









		At the detector







Time delays



We set spindown terms to zero,

i.e., fGW=const  
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Resampling technique
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Resampling: Signal at detector
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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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Resampling: Signal at detector
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Fast term





Amplitude modulation term



		H+,×  are the complex polarization amplitudes





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







They depend on the source location



5 Fourier components
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Resampling: Signal at detector
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Fast term





Amplitude modulation term



		5 frequencies centred at fGW  spaced with the sidereal frequency 1.16× 10−5  Hz .​





		Accuracy on the {P,ap,e,ω,tp}  parameters determines the ability to recover the 5 peaks
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Resampling: 5 vectors
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Source templates 5-vectors
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Fourier components at the 5 frequencies where the signal power is split





TexMaths28§display§F_k(f)=\int f(t)e^{-2\pi (f-{\color{red}\mathbf{k}}f_{\rm sd})}{\rm d}t§svg§600§TRUE§

TexMaths28§display§{\color{red}\mathbf{k}}=\{-2,-1,0,1,2\}§svg§600§TRUE§03/04/2025









Resampling: Detection Statistics (DS)
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		We use the five vector to cross correlate the five peaks template with the five peaks signal-vectors







Signal parameter estimation





TexMaths28§display§\hat{h}^{+,\times}(f)=\frac{\mathbf{X}(f)\cdot \mathbf{A}^{+,\times}}{|\mathbf{A}^{+,\times}|^2}§svg§600§TRUE§		We build a DS according to







A Singhal et al 2019 Class. Quantum Grav. 36 205015​P Astone et al 2010 Class. Quantum Grav. 27 194016​





TexMaths28§display§\mathcal{S}=|\mathbf{A}^+|^4|\hat{h}^+|^2+|\mathbf{A}^\times|^4|\hat{h}^\times|^2§svg§600§TRUE§

1



2



3



4



5



7



8



6



9



03/04/2025









Resampling: DS threshold







		# of candidates out of 1010  templates

		≃ 1.8× 105  Hanford



		≃ 5.3× 104  Livingston











		S'=18 (conservative) for HL detectors (∼ minimum among both detectors)











is more robust to noise



A peak above the threshold 18 is considered a CW candidate that must undergo further vetoes
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