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Precision Era of Gravitational Waves Phgsics
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Extreme need for precise theoretical predictions for signal templates for Matched filtering analyses



The gravitational wavetorm

Scattering Waveform emitted by a system of two scattering black holes x =1/322G
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Properties of higher-points scattering amplitudes
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Effective Field Theory approach: Black-holes as point particles coldverger, Rothstein

Classical Physics is governed by long-range contributions: Local interactions are quantum

The scales of the problem
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Phgsical Observables from Scattering Amp tudes
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The gravitational waveform

O =0y =xe€"h, 8w =My + KN,
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Loop and Fourier integration are intertwined together: loop-by-loop approach is very cumbersome

W (w,n) = Jdﬂ eib'q{ 0 +C.C.}



How to com Pute wavcﬂcorms?

Loop and Fourier integration are intertwined together: loop-by-loop approach is very cumbersome

W (@w,n) = Jdﬂ eib'q{ 0 +C.C.}

Gravitational Waveforms as Twisted Period Integrals  GB, Crisanti, Giroux, Mastrolia, Smith



How to com Pute wavegorms?

Loop and Fourier integration are intertwined together: loop-by-loop approach is very cumbersome

W (w,n) = Jdﬂ eib'q{ 0 +C.C.}

Gravitational Waveforms as Twisted Period Integrals  GB, Crisanti, Giroux, Mastrolia, Smith

GB, De Angelis
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A combined Fourier-Loop approach: Scattering Amplitudes techniques in impact parameter space

Integrand Integral Integral
Generation Reduction Evaluation
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Five-points amplitudes in momentum space
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Where are classical contributions?

The singularities of five-points scattering amplitudes

Intermediate gravitons going on-shell
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Classical limit captured by on-shell gravitons, corresponding to long-range interactions
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Loop-by-loop approach for Master Integrals Evaluation

Step2: Complex analysis Step1: Differential Equations

Loop integrals via canonical differential equations

G.B., S. De Angelis, D. Kosower
In progress

Distribution identity
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At O [60] we obtain an expression in terms of logarithms
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Loop-by-loop approach for Master Integrals Evaluation

Step2: Complex analysis Step1: Differential Equations

Fourier integration via contour deformation
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Fast numerically convergent one-fold integrals
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Gravitational Power Spectrum
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Gravitational Power Spectrum
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Outlooks

Gravitational Waveforms from scattering amplitudes
Combined approach: Scattering amplitudes techniques in frequency space
Analytic One-loop gravitational waveform in frequency domain

Differential equations in frequency domain? [G.B., Chestnov, Crisanti, Giroux, Smith, in progress]
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