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Why Scattering Amplitude ?

Collider Phenomenology Geometry and QFT

Gravitational Waves




Scattering Amplitude
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Computation of the Loop Amplitude
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Generation of the Diagrams via QGRAF
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Dirac algebra, Color sum, Trace in the numerators
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Reduction to scalar integrals
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Loop Amplitude

Reduction of scalar integrals to Master integrals
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Compute the Master Integrals

Number of Master Integrals

M=) edi = 0(10%)



Decomposition of

Feynman Integrals using

Intersection Theory



Intersection Theory and Feynman Integral

Feynman Integral decomposition
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Intersection Theory @ Feynman Integral Intersection Number
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How to define the scalar product ?




Fibration Method

Secondary Equation

Multivariate Differential Equation

Matsumoto (1998)
Mizera (2019)
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Two-Loop amplitude with massless and massive particles
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¢ for electron-muon scattering, relevant for the MUonE experiment

e for top pair production
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Two-Loop Four-Fermion Scattering Amplitude in QED
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production through light-quark annihilation in QCD
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NNLO Prediction for Muon-Electron Scattering
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'Gravitational Wave Observables!



g two-body in GR

Antelis, moreno (2016)

Inspiral Merger Ringdown
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I\ | Perturbation Theory

Post-Newtonian (PN) Numerical Relativity

\ Post-Minkowskian (PM)

Hierarchy of scales s

Ty << 1 << Agw

Tower of EFTs

14

binary’s separation

Goldberger, Rothstein
Foffa, Sturani, Sturm, Mastrolia (2016)

Perturbation
theory
gravitational self#
force

(31 Ysoxpidohyins 7 gy)
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binary’s mass ratio

Key Observation

Diagrams in GR Diagrams in QFT
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Computational Algorithm
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M Automated in-house codes

¢ Aim to publish the code in future
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Status of Higher Order PN Corrections

Kim, Levi, Yin (2022)
MKM, Mastrolia, Patil, Steinhoff (2022)

Levi, Yin (2022)
PN order 1,5 2,5 3,5 4,5 5,5 6,5 , , ,
MKM, Mastrolia, Patil, Steinhoff (2022)
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Secondment at UCLA

4 Currently, I am having my secondment at UCLA with Prof. Zvi Bern

Color Kinematics Duality

Generalized double copy

Building integrands using maximal cuts

(M =5sugra) : (N=4sYM)® (N =1sYM)
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Other Activities

4+ Successfully organised the international conference on the EFT methods from bound states to binary systems
4+ On the Editorial board of the Proceedings of the MathemAmplitudes Conference, 2019

4 Presented several talks 1in international conferences

4+ Co-supervised Giacomo Brunello for his Master’s Thesis
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Conclusion

M Novel Algebraic Property Unveiled

M The algebra of Feynman Integrals is controlled by intersection numbers
™ Intersection Numbers : Scalar Product/Projection between Feynman Integrals

™M Useful for both Physics and Mathematics

M Applications to GW and Collider phenomenology

M muon-electron scattering at NNLO has been obtained

M top-pair production from quark annihilation has been computed analytically
M progress in understanding spin effects in the compact binaries

M A number of observables e.g binding energy, scattering angle has been computed to high prececision

M Future and ongoing works

M Progress towards computing intersection number using relative twisted co-homology

M computation of tidal effects to higher PN order in case of compact binaries
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