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What does aN3*LO mean?



-
TYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA

> [2207.04739]: Approximate N3LO parton distribution functions with theoretical
uncertainties: MSHT20aN>LO PDFs [EPJC83.185]

> [2402.18635]: The path to N°LO parton distributions [EPJC84.659]
> [2406.16188]: A Benchmarking of QCD Evolution at Approximate NLO
>

[2411.05373]: Combination of aN3LO PDFs and implications for Higgs production
cross-sections at the LHC

Note the publication dates on the arXiv!


https://arxiv.org/abs/2207.04739
https://doi.org/10.1140/epjc/s10052-023-11236-0
https://arxiv.org/abs/2402.18635
https://doi.org/10.1140/epjc/s10052-024-12891-7
https://arxiv.org/abs/2406.16188
https://arxiv.org/pdf/2411.05373

How to compute theory predictions?

0(Q) = €(Q)ED(Q* « my)A® (mp)EW (m] « Q))F) ()
with:
» C: coefficient function / partonic cross section

> E: evolution kernel operator = splitting functions P / anomalous dimensions ~

» A: operator matrix elements



Operator Matrix Elements

NNPDF
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MSHT

use exact expressions from Blumlein et al.
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use approximations + nuisance parameters



Splitting Functions / Anomalous Dimensions $
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Strategy: combine available information and parametrize the remaining unknowns

T Py(7), a; =02np =4 04q/ Pyg(), as =02y =4

~.=— aN*LO (MHOU)

0 NNLO “>.aN’LO (IHOU)
—— NLO NNLO
.......... LO 0.3

—— NLO

Results by Moch et al. will be the new default! see talk by Andrea Pelloni



Partonic cross sections T,

massless DIS, DY with 2 — 1 kinematics
massive DIS: use available information to construct approximation

{3 everything else, e.g. differential DY, (di-)jets, top, ...
but

» the situation for NNLO was/is just the same for, e.g., jets

» we account for missing higher order uncertainties: covariance matrix vs. nuisance
parameters



Combining aN3*LO PDFs



MSHT20xNNPDF40 = 100 replicas of MSHT20 + 100 replicas of NNPDF4.0

» usual differences in theory (e.g. heavy quark treatment), methodology (e.g.
parametrization), or experiment setup remain

» this is a more conservative approach then PDF4LHC where parameters are
(partly) harmonized



QED -
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» dataset selection is such that EW corrections are small
» QED only in evolution
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gg — h: PDF ratios T
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Higgs in Gluon Fusion (PDF + MHOUs)

Ratio to MSHT20xNNPDF40_nnlo
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gg — h: Estimating the PDF shift

Using the approximated shift due to mismatched PDF instead of the real one

3 3
o, O — Lo 1| gNNLO NNLO
Aexact — [ZNLO-PDF NNLO—PDF | yapprox _ 2| INNLO-PDF — INLO—PDF
= N°LO =9 o NNLO
ON3LO—PDF NNLO—PDF

yields a serious underestimation:

NNPDF4.0 | MSHT20 | Combination
N 2.2% 5.3% 3.3%
N\PPIOX 0.2% 1.4% 0.9%




Summary

Ogor = 44.86 +0.90,4¢ pb  (pure QCD)
UggF =440+ 0‘75pdf pb (QCD+QED)

» N3LO evolution is completed

» N3LO cross sections are a long term project - meanwhile we use MHOU
» aN>LO PDF have significant impact on gg — h

» QED effects should be considered
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Summary

Ogor = 44.86 +0.90,4¢ pb  (pure QCD)
UggF =440+ 0‘75pdf pb (QCD+QED)

» N3LO evolution is completed

» N3LO cross sections are a long term project - meanwhile we use MHOU
» aN>LO PDF have significant impact on gg — h

» QED effects should be considered

Danke! Thanks! Kiitos!
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Backup slides



h VBF: PDF ratios

Ratio to MSHT20xNNPDF40_nnlo
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h VBF: Estimating the PDF shift

Using the approximated shift due to mismatched PDF instead of the real one yields a
serious underestimation:

| NNPDF4.0 | MSHT20 | Combination
AT 1 13% | 23% | 23%
APPCT02% | 13% | 05%




Higgs

Cross Sections
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Splitting Functions / Anomalous Dimensions )

Strategy: combine available information and parametrize the remaining unknowns

wPyy(x), ay=02n; =4 0gq/ Pyg(x), g =02 ny =4

—— aN*LO (MHOU)
~ aN’LO (IHOU)
NNLO
—— NLO

aN’LO

NNLO
000 == NLO
....... LO N ST T

Results by Moch et al. will be the new default! see talk by Andrea Pelloni



Splitting Functions / Anomalous Dimensions
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Strategy: combine available information and parametrize the remaining unknowns

0.2[ N

-0.2

4 moments

5 moments

10 moments

0.003,

0.002
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/ — 4moments

- 5 moments
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0.002

-0.0034%H
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Splitting Functions / Anomalous Dimensions

Strategy: combine available information and parametrize the remaining unknowns

Relative difference to NNLO, FFNS, p? = 10! GeV?
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FHMRUVV = Falcioni, Herzog, Moch, Ruijl, Ueda, Vermaseren, Vogt will be the new
default! see talk by Andrea Pelloni
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