
Fourier noise 
reduction methods



Antares data-set

Looking for periodic sources in Antares data

All data is used

Energy ~ MeV

Histogram into (standard) fast fourier transform (FFT)

Noise increases near lower frequencies



Applied transform



Methods of noise reduction

Spectrum Subtraction (SS)

Subtracting estimate of background from signal

Short time fourier transform (STFT)

Cuts histogram into smaller pieces

Difficult to achieve compatibility between t and f



Non Harmonic Analysis

Fourier coefficient is estimated by least squares method

Repeatedly applies steepest descent and Newton's method 



Non Harmonic Analysis

Accurate estimation of the frequency f, amplitude A, and initial 

phase ϕ, avoiding the dominance of the analysis window 

length

Higher accuracy than theoretical upper limit of DFT





Steepest descent

Sum over histogram

Guess a wave, any wave!

 f and ϕ first, A after



Newton's method

Find root for cost function

Since if F =0 we have found a perfect fit for our wave

second order





Second order



Applied to the cost function



Idealized data

Searching iteratively



Optimization space



Applied to real Antares data


