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Theoretical description of particle collisions
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Hard scattering

Collinear factorization:

dohihy—x (D1, P2) Z/dmdzzf x1, 1) f5(2, 1) do’l]ﬁX(:Llplethmu)]

O(Aqcp/Q)

Parton chan nels

eg. pp—tt+X:
qq — tt
gg — tt
qg — qtt

[Parton distribution fu nctlons
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Perturbation theory

e Properties of fundamental interactions are encoded in patterns of scattered particles.
e Scattering amplitudes are theoretical building blocks for these observable quantities,
computable from first principles of QFT.
e Cannot compute amplitudes exactly = calculation via perturbative expansion in the
coupling constants.
as(Mz) ~0.1
a(Myz) ~0.01

SM = QCD ® EW
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Example: NNLO predictions vs experimental data
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Loop amplitudes in SM: state of the art

[Badger, Hartanto, Kry$, Zoia '21] pp — Wrj pp — Hbb o
Scales [Badger, Hartanto, Zoia '21] pp — Wbb a2
A [Abreu, Febres Cordero, Ita, Klinkert, Page, VS '21]  pp = Vjj a2
[Abreu, Febres Cordero, Ita, Page, VS 21] PP —* jjJj a?
18 1T [Agarwal, Bccioni, von Manteuffel, Tancredi 21)  pp — YYJ a?
[Abreu, Page, Pascual, VS '20] D= 11 o2
- . [Chawdry, Czakon, Mitov, Poncelet '20] N
9 legs—~
A

[Caola, von Manteuffel, Tancredi '20] =y ot
[Bargiela, Caola, von Manteuffel, Tancredi '21] o
[Caola; Chakraborty; Gambuti; von-Manteuffel, Tancredi '21] pp — jj ol
<‘ L[Gehrmann, Jakubeik, Mella, Syrrakos, Tancredi 23] pp — Vj o?
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[Armadillo, Bonciani, Devoto, Rana, Vicini '22] pp — Il

4 [Agarwal, Jones; von Manteuffel 20} gg — 2 7 o .
[Heler, von Manteuffel, Schabinger, Spiesberger 20] pp — Il cvev Anomalous dimensions
[Bonciani, Broggio, Di Vita, Ferroglia, et al. 22] €€ — [ift o form factors
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Warning: a biased selection of references!
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