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Jets

Large transverse momenta

Proton Proton
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Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element Hadrons

Abundant production of jets:
→ Highest reach ever in energy scale Q to determine the strong coupling
→ Learn about hard QCD, the proton structure, non-perturbative, and 
     electroweak effects at high Q
→ Search for new phenomena

Jet cross sections ~ α
s

2+n
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Jet cross sections ~ α
s

2+n

Counting jets or jet events in bins of e.g. momentum and rapidity

Useful for i.a.:

Determination of α
s
(mZ) 

Test of running of α
s
(Q)

Multi-parameter fit of α
s
(mZ) & PDFs

Multi-parameter fit including EFT parameters
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Jet cross sections ~ α
s

2+n

Counting jets or jet events in bins of e.g. momentum and rapidity

Useful for i.a.:

Determination of α
s
(mZ) 

Test of running of α
s
(Q)

Multi-parameter fit of α
s
(mZ) & PDFs

Multi-parameter fit including EFT parameters

Subject to many/all systematic uncertainties:

Jet energy calibration (JEC) & resolution (JER)

Luminosity

Missing higher orders

          … to name a few
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Inclusive jets: α
s
 & PDFs

CMS, JHEP02 (2022) 142 & JHEP12 (2022) 035.

Jet counting in bins of jet transverse momentum and rapidity
Comparison of unfolded measurement with theory:

NNLO x nonperturbative x electroweak correction
(NNLO in leading-color (LC) approximation; subleading effects small)
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Inclusive jets: α
s
 & PDFs

CMS, JHEP02 (2022) 142 & JHEP12 (2022) 035.

Jet counting in bins of jet transverse momentum and rapidity
Comparison of unfolded measurement with theory:

NNLO x nonperturbative x electroweak correction
(NNLO in leading-color (LC) approximation; subleading effects small)

Note: 2016 data only!
Full run 2 and 3 still to come.

|y|max = 2
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Inclusive jets: α
s
 & PDFs

Simultaneous fit with PDFs
→ reduced uncertainties of gluon as
     compared to HERA DIS only

First determination of α
s
(mZ) 

from jets at NNLO-LC:

CMS, JHEP02 (2022) 142 & JHEP12 (2022) 035.
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Combined: α
s
 & PDFs & mt

CMS, JHEP02 (2022) 142 & JHEP12 (2022) 035.

Simultaneous fit combining HERA DIS & CMS jet & CMS normalised ttbar data

NLO only:
2016 data only!
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Combined: α
s
 & PDFs & mt & CI

Simultaneous fit combining HERA DIS & CMS jet & CMS normalised ttbar data

NLO only:

+ EFT

SM compatible
→ excl. limits

Recent update outside of CMS:
Mendizabal et al., arXiv:2607.22390CMS, JHEP02 (2022) 142 & JHEP12 (2022) 035.

See also

2016 data only!
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Dijets

Proton Proton

Large masses
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Multi-differential dijets

Illustration of dijet event topologies

CMS, EPJC 85 (2025) 72.

Jet event counting in bins of dijet mass or average transverse momentum (x) 
and

rapidity separation
                           → scattering  angle

boost of dijet system
                           → x1 and x2 fractions

Alternativ: 2D binning in 
maximum rapidity of |y1|,|y2|
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Jet event counting in bins of x, y*,yb

Comparison of unfolded measurement with theory:
NNLO x nonperturbative x electroweak correction

(Impact of subleading-color corrections up to few %)
Illustration of dijet event topologies

CMS, EPJC 85 (2025) 72.

Multi-differential dijets
2016 data only!
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Determine αs(mZ) + PDFs

Example of ratio
data / theory

CMS, EPJC 85 (2025) 72.

Multi-differential dijets
2016 data only!R=0.8
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Multi-differential dijets
Determine αs(mZ) + PDFsCombining HERA & all LHC 

dijet data
→ running αs : 7 GeV – 7 TeV
Combination beyond CMS:
Ahmahdova et al., PRL 135 (2025) 031903.

CMS, EPJC 85 (2025) 72.
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Combining jet datasets → αs(Q)

Uncertainty correlations vs. Ecms 

studied and varied

Some correlation in JEC among 
cms energies, insignificant in 
JER

MHOU (scale variation) fully 
correlated

Up to now: Fit of whole dataset → α
s
(mZ) & PDFs (running used implicitly)

QCD analysis from CMS

Combination of multiple 
datasets

Subdivide into ranges of jet pT

Multi-parameter fit of α
s
(mZ) & 

PDFs in each range separately

CMS, PLB 868 (2025) 139651.
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Combining jet datasets → αs(Q)

CMS, PLB 868 (2025) 139651.

QCD analysis from CMS

Combination of multiple 
datasets

Subdivide into ranges of jet pT

Multi-parameter fit of α
s
(mZ) & 

PDFs in each range separately

Running of αs(Q) in five ranges of jet pT

Up to now: Fit of whole dataset → α
s
(mZ) & PDFs (running used implicitly)
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Z + X

Proton

Proton

Z + jet + X → i.a. complementary gluon information
→ previous talk by Cedric Verstege

Drell-Yan Z + X → FB-asymmetry
             → sin2θl

eff
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Drell-Yan process at LHC: Z + X

 Fix q direction (larger x) statistically.⇒
     Kinematic constraints can strengthen
     Correlation.

 Strong PDF dependence!⇒

Best proxy for e+e- annihilation

FB asymmetry through

γ*/Z interference except at mZ

Z exchange

Sensitive to sin2θW

Use input scheme mZ, GF, sin2θl
eff

Reduce small pT effects & uncertainties 
→ Collins-Soper frame

AFB flavour dependent

Initial flavours & momenta unknown

pp collisions → q direction ambiguous

Collins-Soper frame

R. Gauld et al., JHEP11 (2017) 003.; A. Gehrmann-De Ridder et al., JHEP05 (2023) 002.
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Measure opposite sign lepton pairs
Four measurement channels

“central-
central”
leptons

“central-forward” electrons

eh

μμ

CMS, PLB 866 (2025) 139526.

- Five kinematic quantities: pT, yll, mll, θ, Φ
  for full description of Z→ll production.
- Cross section depends on 8 angular
  coefficient functions Ai of θ, Φ
- AFB = 3/8 A4

Two possibilities⇒
1. Derive AFB directly
2. Unfold A4

mailto:QCD@LHC
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Two extraction methods

(3.) Cross-check only: Fit directly observed cosθCS (y, m) distributions
      Also: Check for bias with xfitter HERAPDF fit of PDFs + sin2θl

eff

1. Fitting reconstructed weighted AFB (y, m)
    (incl. PDF profiling as for 8 TeV result)

2. Fitting unfolded A4 (y, m)
    (incl. PDF profiling using xfitter)
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Compatible results among PDFs

After profiling results compatible among:
- various PDF sets
- the two methods using AFB or A4 
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Detailed results

Additional PDF sets
used with A4

Future: Full fit of PDFs + sin2θl
eff (+ α

s
 + ...) 
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Comparison to other experiments

→ Inbetween 3σ discrepant LEP & SLD results.
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Summary & Outlook
CMS today

Data more and more differential, more precise, with many uncertainty sources, 
often without a single dominating one

Published simultaneous determinations of PDFs & α
s
, … & mt, … & EFT,

PDFs & sin2θl
eff

Moving from “fixed PDFs” or PDF profiling towards full PDF fits

Started combining CMS datasets

TODO

Deriving uncertainty correlations among datasets (→CMS)

Estimate correlations wrt. other experiments (→ EWWGs)

Need better methods & tools for theory uncertainties & correlations (→EWWGs)

Thank you for your attention!
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Many thanks to the organisers!
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Backup
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CMS Dijets over NNLO(LC)xEWxNP
R=0.4 R=0.8

CMS, EPJC 85 (2025) 72.
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CMS Dijets over NNLO(LC)xEWxNP
R=0.4 R=0.8

CMS, EPJC 85 (2025) 72.
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CMS Dijets over NNLO(LC)xEWxNP
R=0.4 R=0.8

Binning in ymax, here ymax < 0.5

CMS, EPJC 85 (2025) 72.
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NNLOxEWxNP over ATLAS dijets

Binning in y*

ATLAS, arXiv:2512.19073.
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NNLOxEWxNP over ATLAS dijets

Binning in yb

ATLAS, arXiv:2512.19073.
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