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é[Jianming’s talk]

CMS Prelimina

@ 7 TeV CMS measurement (L <50 fb™)

8 8 TeV CMS measurement (L < 19.6 fo")

g 13 TeV CMS measurement (L < 137 ib")
— Theory prediction

“ b e CMS 95%CLImits at 7, 8 and 13 TeV
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PHONE AT THE LHC 3

The Phenomenology Goal at the LHC

Understand how nature interacts at a fundamental level!

* A new interaction: Yukawal!

% The mechanism of electro-weak symmetry breaking

¥ Generation of fundamental masses ﬁ

* Determine couplings / interactions with established matter H <O p?
WOoOWOW W 2
¥ Explore the limitations of the Standard Model of particle physics
4
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PHONE AT THE LHC .

The Phenomenology Goal at the LHC

Understand how nature interacts at a fundamental level!
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The Method: Predict & Compare.

Precision is key!



FROM THE STANDARD MODEL TO REAL LIFE OBSERVABLES s
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From first principle QFT ...

... to real life measurement



THE WAY TO PRECISION LHC PREDICTIONS

Length-scale ~ 1 fm I

Short - range,
process specific

FACTORISATION
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THE WAY TO PRECISION LHC PREDICTIONS

-
A Al LFD)L +he

i Big ¥y P the

W RH-ve -

» Perturbative partonic cross sections

» QCD perturbation theory is dominant ag = 0.118

» Naively: NNLO N3LO
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NNLO OVER TIME 3
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N3LO OVER TIME 9

Higgs Threshold Exp. [Anastasiou, Duhr, Dulat, Herzog, BM, 15]

Higgs VBF [Dreyer, Karlberg,16]

Higgs Diff. Threshold App. [Dulat, BM, A. Pelloni,17]
Higgs, [BM,18]

Higgs Diff. T [Cieri,Chen, Gehrmann,
Glover,Huss, 18]

= Higgs (Y approx.) [Dulat, BM,Pelloni, 18]
seowewme  HH (VBF) [Dreyer, Karlberg,18]

2018

N3LO 2019

2020

bb->H [Dulat, Duhr, BM,19]

A Drell-Yan [Dulat, Duhr, BM,20]

Slide inspired by G. Salam / L. Cieri...

bbH 4FS+5FS [Dulat, Duhr, Hirschi, BM,20]



INCLUSIVE CROSS SECTIONS

» First steps at a new perturbative order!
» Learn about the impact of perturbative corrections.

» Make use of them to improve our predictions, e.g. via K-Factors

Example: Producing a Higgs boson in Gluon Fusion
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RAPIDITY DISTRIBUTION OF THE HIGGS BOSON 1

21 x Lo

» First LHC cross section to ol MMLET 2014 NNLO . oz o
be computed at N3LO. i
.|
» Notoriously large 7 |
perturbative corrections. = 6|
£
» N3LO allows for state of 4 :
the art comparisons with 9|
current LHC
measurements. 07

» N3LO stabilises perturbative expansion

» Relative size of the correction: 00N3LO = +3.5% X ONNLO


https://arxiv.org/abs/1810.09462

PRODUCING A HIGGS IN BOTTOM QUARK FUSION 12

» Another example: Bottom Quark Fusion

Coupling the Higgs to the third generation!

12 LHC [Duhr,Dulat,Hirschi,BM, 2004.04752]
PDF4LHC15 [Duhr,Dulat,BM, 2004.04752]
9.6 PP - H+X (LoH)
° i ceak. o 2
» Very nice perturbative M~ =it 2m)4
27.2 o L
behaviour. £ Tio wio

48

— NNLLO - N3O

» N3LO reduced uncertainty *

due to missing higher orders.
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https://arxiv.org/pdf/2004.04752.pdf
https://arxiv.org/abs/1904.09990
https://arxiv.org/abs/1904.09990

PP —~

The probability to produce a e¢™ ¢~ pair
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DRELL-YAN PRODUCTIO



DRELL-YAN PRODUCTION

The probability to produce a e¢T ¢~ pair

| - LHC13TeV | | 3 : 3
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» N3LO corrections to THE LHC precision process.

» Interesting perturbative development: N3LO outside of
NNLO scale band.


https://arxiv.org/pdf/2001.07717.pdf

DRELL-YAN PRODUCTION 15

The probability to produce a e¢T ¢~ pair

2
» Fairly large cancellations [Duhr,Dulat,BM 2001.07717]

between different
channels lead to small

=
=
bands. 2 ——
S ——
S
» Already present at NNLO. & = uicore
& —1- PDF4LHCI15_nnlo_mc T -
< PP y*+X a qq qg qq
» Thisis NOT a breakdown [~ gg qQ q0
—2
of pQCD but an 40 60 80 100 120 140 160 180
encouragement to think Q [GeV]

about the way we assess
uncertainties.


https://arxiv.org/pdf/2001.07717.pdf

DRELL-YAN PRODUCTION 16

The probability to produce a e¢T ¢~ pair

» Currently we only have
NNLO parton Uncertainty due to missing N3LO PDFs

distribution functions. 106 [Duhr,Dulat,BM 2001.07717]
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» DIS is known at N3LO o
' LHC 13 TeV
and Several LHC 0.940 PDF4LHC15_nnlo_mc
processes become 0.920 PP y+X
available. N3LO PDFs? 40 60 80 100 120 140 160 180

Q [GeV]


https://arxiv.org/pdf/2001.07717.pdf

DRELL-YAN PRODUCTION 17

The probability to produce a e¢T ¢~ pair
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» N3LO predictions improve the perturbative precision.

0.16%
50’]\[31;0 = —1.4% X ONNLO—2.6(%)


https://arxiv.org/pdf/2001.07717.pdf

THE EMERGING N3LO PICTURE

We know several processes at N3LO:

0O N3LO

—1.4% —2.3%

ONNLO

» Corrections are at the order of a few percent.

» Perturbative Uncertainty only one source of uncertainties:
PDFs, EWK, Masses, Coupling Constants, ...

» Same as precision target of LHC phenomenology.

» We are at the beginning of the age of wide-spread N3LO
phenomenology.
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PRECISION PREDICTIONS AT N3LO )

» Precise predictions are key to
d| 1= = |»

reaching our phenomen&legy gqals

// ¥

j,;j;” /% N N3 LO

e W ig the precision frontier

» Now several proce&ses available:
DY, Higgs \ \
» The future° Wiﬂespj;ead 2310 phenomenology

THANK YOU!
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