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Iments

QCD theory is workhorse of LHC exper
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Need for precision @ HL-LHC

> illustrated in the case of Higgs physics

> theory uncertainty (PDF + strong
coupling + missing higher orders)
dominates in 7/9 channels

> this is with the assumption of
reduction by x2 in today’s theory
uncertainties

> depending on channel, it can be the
uncertainties for the signal or the
background that dominates.

Vs =14 TeV, 3000 fb”! per experiment

[ Total ATLAS and CMS

— Statistical HL-LHC Projection

—— Experimental

— Theory Uncertainty [%]
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Figure 1. Projected uncertainties on k;, combining
ATLAS and CMS: total (grey box), statistical (blue),
experimental (green) and theory (red). From Ref. [2].
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G. Salam, Snowmass Energy-Frontier Workshop 2021
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Accurately precise or precisely accurate ?
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Accurately precise or precisely accurate ?

Perturbation in a nutshell

Leading order (LO): Next-to-Leading order (NLO):

NNLO: All-orders?
e h N.

adapted from M.Wiesemann
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Accurately precise or precisely accurate ?

Perturbation in a nutshell
ACCURACY DMND PRECISION

ARENOT THE-SDME THING

Leading order (LO): Next-to-Leading order (NLO):

ACCURBLY PRECiISION
'\'K\IE O INTENTION 1\1\)E O \TSELE

DCCURDTE  MCURRTE  ACCURKTE
adapted from M. Wiesemann }%\g _Peeerst PRECISE PRECISE

Sketchp lanations

Both are important: get the right picture with small uncertainties
Need for Fixed-Order computations (NNLO ?) +

Resummation + Parton Showers + Higher Twists + etc.
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pPQCD and the NNLO boom
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QCD theory precision is crucial to our ability to
interpret increasingly precise experimental results
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pPQCD and the NNLO boom

e NNLO calculations
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QCD theory precision is crucial to our ability to
interpret increasingly precise experimental results

This boom was made possible by advances in elliptic integrals and multiple polylogarithms
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pPQCD and the NNLO boom

Hiotal, Anast

Important: this boom only concerns [l i

inclusive processes involving [

‘ ”rwn

elementary particles where collinear ‘
factorisation applies.

We are not yet there for:

* Quarkonia (bound states)

* Exclusive processes e.g. with gluon
Generalised Parton Distributions

. HEF/kl factorisation with BFKL (still

LO for centrally produced particles)
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* Transverse Momentum Dependent

factorisation

Double Parton Scattering

for various reasons:

* More complex & recent formalisms

* Lack of non-pertubative inputs
(global fit of GPDs, TMDs)

2002 2004 2006

This boom was made possible by advances in elliptic integrals and multiple polylogarithms
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QCD theory precision is crucial to our ability to
interpret increasingly precise experimental results
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Where will we stand with QCD around 2035-20407

It is to be expected that much of the investigations of the strong
interactions at high-energy colliders in the future will focus on:

PDFs at small and large x
Multi-dimensional PDFs

- Collective effects
D.Boer, Granada 2019
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Double parton scattering



