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Motivation: Why is it important to precisely extract a¢?

e Single free parameter of QCD in the m, — O limit

e Impact EW vacuum stability at the Planck scale, dependent on myy, ag(m;,), my

PRD 110 (2024) 115017
In PRD 110 (2024) 115017: Establishment of

SM vacuum stability at 56 demands

improvement on m, and ag by a factor of 2-3
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.115017
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.115017

The state of the art of the strong coupling
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CMS inclusive jets at 13 TeV was the most precise determination of a(m,) from jets

Q [GeV]

How can we improve these results?

ag(my,) = 0.1166 £ 0.0017 JHEP 12 (2022) 035
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+ (0.0001
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Dominant uncertainty from experimental data
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https://pdg.lbl.gov/2023/reviews/contents_sports.html
https://link.springer.com/article/10.1007/JHEP12(2022)035

Jets as a probe of QCD

Each line is sensitive to PDFs Each vertex is sensitive to ag(m,)
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Combination of CMS inclusive jet measurements

e CMS inclusive jet production cross-section measurements at \/E of 2.76, 7, 8, 13 TeV

e EPJC 76 (2016) 265, PRD 87 (2013)112002, JHEP 03 (2017) 156, JHEP 02 (2022) 142
e Jet clustered with anti-k; (R=0.7)

e QCD analysis combining CMS inclusive jet measurements
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https://arxiv.org/abs/1212.6660
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Extraction of o at LHC

Partonic cross section Non perturbative
(pQCD) corrections

A A¢
Gij(xla X9, aS(//tR)a H s /’tf) +0 ( S§D>

Methods to extract ag(m,):
e Profiling varying PDFs+ag series (predefined PDF from global PDF sets)

e Simultaneous fit of a¢ and PDFs — Correlation between PDFs and a¢ considered

NB: To disentangle x, and x,, LHC data can not be used alone to extract PDFs
Need to add inclusive lepton-proton DIS data (HERA, EPJ C75(2015) 580)

Simultaneous fit of PDFs and a¢ at NNLO to reduce bias of a¢ from PDFs

DESY. 6


https://link.springer.com/article/10.1140/epjc/s10052-015-3710-4

Subprocess decomposition

Inclusive jet productions and PDF sensitivity

Vs [TeV] L [fb™'] pr[GeV]

Y|

Inclusive jets at different \/E probe different 2 76 0.0054 74-592

prand y regions 7 5.0 114-2116

8 20 74-1784

— Probe different PDF distributions 13 33.5 97-3103
12 13 TeV ly[<0.5 . 7 TeV | <0.5
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Subprocess decomposit
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Lowering \/E, more qq contirubtion at high p,
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Figures produced using the
fastNLO program and the
fastNLO interpolation grids
EPJC 82 (2022) 10 930,
arXiv:1208.3641, arXiv:0609285


https://link.springer.com/article/10.1007/JHEP03(2017)156
https://link.springer.com/article/10.1140/epjc/s10052-022-10880-2
https://www.arxiv.org/abs/1208.3641
https://www.arxiv.org/abs/hep-ph/0609285

How to improve further a(m,) precision?

Correlation across the measurements investigated in this analysis for the first time
e Improved precision on ag(m,)

e Useful input for global PDF fitters
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Theory predictions for inclusive jet production

PRL 118, 072002 (2017), JHEP 10 (2018) 155,
arXiv:1801.06415, leading color approximation

@ Full interpolation grids at NNLO computed with APPLfast, available in ploughshare (EPJC 82 (2022) 930)

Jet
T

e Fully accounts for dependence on PDFs and ag; QCD scales are set to Hrp =D

® Readable via FastNLO Toolkit interface in the xFitter release v2.2.0

e Effects of hadronisation and underlying event — Non-perturbative corrections

e Virtual W, Z contributions at NLO electroweak — EW corrections

DESY. 9


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.072002
https://link.springer.com/article/10.1007/JHEP10(2018)155
https://arxiv.org/abs/1801.06415
https://ploughshare.web.cern.ch/ploughshare/
https://link.springer.com/article/10.1140/epjc/s10052-022-10880-2
arXiv:2206.12465

The QCD analysis: extraction of PDFs and qa;

at a starting scale

XFitter

Initialisation |

arxiv2206.12465,

to the scales of the measured data
« DGLAP evolution

— Collider, Fixed Target: ‘

ep, uUp

— Collider: pp, pp

Data

/ AW arXiv:1709.01151

» Systematic uncertainties included as nuisance parameters

Same approach as HERAPDF2.0

DESY.

Theory

— PDF Parametrisation

— QCD Evolution:
DGLAP (QCDNUM),
non-DGLAP (CCFM, dipole)

— Cross Section Calculation

/

QCD Analysis

— Treatment of the Uncertainties

— Fast y? Computation

— Minimisation (MINUIT)

!

Results

— PDFs, LHAPDF, TMD1ib Grids

- O, mc, ...
— Data vs. Predictions

— x?, Pulls, Shifts
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https://arxiv.org/abs/2206.12465

PDF parametrisation at starting scale Q; = 1.9 GeV~

Parametrisation from JHEP 02 (2022) 142 (13 TeV jet analysis) used as a starting parametrisation

At ,ug = 1.9 GeV?, parameterised PDFs are:

DESY.

gluon distribution:
valence distributions: xu (x) and xd, (x)

antiquark distributions: xU(x) and xD(x)

o xU(x) = xit(x) and xD(x) = xd(x) + x5(x)

)= Bpand Ag = Ap(1 — f) with th
Xu,(x) = A, xBuv(l — X)Cuv(l E, x%) * PU p ana Ag A fg)_Wl e
V strangeness fraction f, = xs/(xd + x5) = 0.4

xd, (x) = AdVXde(l — x)%a

xii(x) = A.xBi(1 — x)Ca(1 + D.x) e Thorne-Roberts general mass variable flavour
u u
xd(x) = AxPi(1 — x)Ci(1 + Ex?) scheme PRD 57 (1998) 6871, PRD 73 (20006)
‘ ‘ 054019, PRD 86 (2012) 074017
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https://arxiv.org/abs/2111.10431
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.6871
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.054019
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.054019
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.074017

Data/Theory agreement for all data sets at one glance
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https://link.springer.com/article/10.1140/epjc/s10052-015-3710-4

Results of PDFs: comparison with HERA-only

CMS jets + HERA DIS data compared to only-HERA fit

CMS
PDF uncertainties at 68% CL

d-valence

Adding jet data leads to significant
improvement in PDF precision especially in:

e (luon (expected)

e d-valence (jet data at lower \/E)

104 1073 1072 107 ¢
CMS

DESY.
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Final result: a¢(m,) and uncertainty sources

ag(my) = 0.1176F001¢

Statistical and experimental uncertainty

Envelope of 7-point variations of y,., ji,

Fixed parameters varied within uncertainties

Add / remove new parameters to the PDFs, one at a time

*Fit, Model and Missing Higher order added in
quadrature, while PDF parametrisation added linearly

DESY.

Parameter

Central value

Lower limit Upper limit

my,
M
Q?nin
Q3
fs

4.50 GeV
1.47 GeV
10 GeV?
1.9 GeV?
0.40

4.25 GeV 4.75 GeV
1.41 GeV 1.53 GeV
7.5 GeV? 12.5 GeV?
1.7 GeV? 2.1 GeV?
0.32 0.48
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Comparison with other CMS measurements
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parametrisation added linearly T —
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Extraction of o¢ running at NNLO

Divide CMS jet data into 5 independent p ranges

DESY.

Fit PDFs and a(m,) simultaneously
Define the center of gravity Q of each prange
Evolve a.(m,) to O with CRunDec package (arXiv:1703.03751)
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https://www.arxiv.org/abs/1703.03751

Summary and conclusions

Combination of CMS inclusive jet measurements at \/g =2.76,7, 8, 13 TeV

o Study of
®

DESY.

probed up to energy scale of
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Thank you
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