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Introduction

• The Strong Coupling Constant (αS) and the 
Parton Distribution Functions (PDFs) are a key 
ingredient for precision measurements at hadron 
colliders.

• With the LHC data the determination of αS is 
possible at energies beyond 1 TeV. 

• Up to LHC RUN I, PDFs mainly constrained by the 
Deep Inelastic Scattering (DIS) and Fixed Target 
measurements.

• The LHC measurements started already to 
provide additional information on PDFs in  a 
previously unexplored energy region.
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αS : Inclusive jet spectrum

• Measurement is based on the 2011 inclusive jet cross section 
at 7 TeV published by CMS: PRD 87,112002(2013).

• Observable :

• Phase space : |y|≤2.5 and jet pT: 114GeV-2TeV

• Scale choice : μr=μf=pT

3

P
R

D
 8

7
 1

1
2

0
0

2
 (2

0
1

3
)

Construct χ2

Including all
correlations

αS=0.112

αS=0.126

2
2

d d

d
S

T yp





7 TeV
EP

JC
 7

5
 (

2
0

1
5

) 
2

8
8



αS : Inclusive jet spectrum

• Central fit : all rapidity bins with CT10-NLO. 
• Determination at NLO

• Results using MSTW2018 and NNPDF2.1 are in agreement with central CT10 result
• Total uncertainty 3.5 to 5.5 %. 
• Dominated by missing-order terms (μr, μf)
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• αS running : Perform fit for 
separate pT ranges

• Test consistency with the αS
running 
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αS : Three-jet mass cross section at 7 TeV

• Measurement by CMS of the double differential 3-jet 
cross section in m3 and ymax
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• Central fit : Two rapidity bins with CT10-NLO

• Determination at NLO

• Total uncertainty 4 to 6 %
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αS : 3/2 inclusive jet cross sections ratio (R32) at 7 TeV

• Phase space: Jet pT>150 GeV, |y|<2.5.  

• Scale choice: μr=μf=<pT1,2> 

• Advantages : Reduces experimental and other theoretical 
uncertainties.

• Central fit : Using the NNPDF2.1 PDF set

• Determination at NLO

• Total uncertainty 4.7 %
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αS from top-pair production cross section

• αS determination from the top-pair production cross section in the dilepton channel. (7 TeV CMS PRD 
85(2012) 112007)

• The top-pair production is sensitive to mt
pole and αS.
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Fix mt
pole =173.2±1.4 GeV
→ constrain αS • Central fit : NNPDF2.3-NNLO (Theory at NNLO+NNLL)

• Most precise measurement at Hadron collider : total 
uncertainty 2.4 %. 
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αS measurements
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PDF constraints : Inclusive spectrum

• Gluon PDF : High correlation for most jet pT

• Quark PDF : Higher correlations at high jet pT and high x

• Significant reduction of PDF uncertainties is expected by including CMS data.
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PDF constraints : Inclusive spectrum

• The impact of the CMS inclusive jet 
data is demonstrated by adding data 
to PDF fit using HERA-I DIS data.

• For gluon distribution, the parametri-
zation and model uncertainties are 
reduced significantly for almost all x 
range.

• For u valence, d valence, and sea
quark distributions some reduction in 
their uncertainty is visible at high x 
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PDF constraints : Muon charge asymmetry in 𝒑𝒑 → 𝑾+𝑿

• W boson production :  𝑢  𝑑 → 𝑊+ 𝑑 𝑢 → 𝑊−

• Muon Charge Asymmetry 

• Phase space: muon pT>25 GeV, |y|<2.4

• The measured charge asymmetry is well described by all 
considered PDF models within their uncertainties.

• 𝒜(𝜂) probes the valence-quark distribution (see also 7 
TeV analysis PRD 90 (2014) 032004) 
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PDF constraints : Muon charge asymmetry in 𝒑𝒑 → 𝑾+𝑿

• Extraction of valence u and d quark PDF: reduction of uncertainties and a change 
in the shapes within the total uncertainties is observed.
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Summary

• CMS has provide already the measurement of the Strong Coupling Constant with  four 
different observables.
• All measurements are in good agreement with those of other experiments and the word 

average value
• The running of αS is confirmed at the 1 TeV region
• For the moment the measurement of αS is dominated by the theoretical scale uncertainties
• NNLO calculations are needed to improve the precision in αS

• CMS measurements provide constraints to PDFs
• The inclusive jet spectrum improves significantly the gluon PDF
• The muon charge asymmetry impose stronger constraints on valence quarks
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More interesting results by CMS:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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Outline

• Introduction

• Measurements of the Strong Coupling Constant
• From the Inclusive jet cross section

• From the 3-jet mass cross section 

• From the ratio 3/2 of incl. jet cross sections

• From top-pair production cross section

• PDF constraints
• From the Inclusive jet cross section

• From muon charge asymmetry in inclusive 𝒑𝒑 → 𝑾+𝑿
production

• Summary
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CMS detector and Integrated Luminosity
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CMS detector pseudorapidity coverage:

• Tracking: |η|<2.5

• Central Calorimetry: |η|<3

• Forward Calorimetry: 3<|η|<5

Very successful LHC operation and CMS 
data recording during Run 1 :

• 7 TeV (2010 & 2011)

• 8 TeV (2012)



Jet Energy Scale Calibration
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• For the jet energy scale calibration CMS adopted a Factorized approach.

• Offset→ substruction 𝜌 × A𝑗𝑒𝑡 (𝜌 : the global energy density,  A𝑗𝑒𝑡: the jet area)
• Relative → derived from Di-jet Balance
• Absolute→ derived from 𝛾 + 𝑗𝑒𝑡 and 𝑍 + 𝑗𝑒𝑡 (pT balance and MPF)
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αS from the inclusive jet cross section at 7 TeV
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• Systematics : 
• PDF uncertainty : repeat fit for PDF sets errors following prescriptions of each set 

eigenvectors (CT10, MSTW2008) or replicas (NNPDF2.1)
• NP uncertainty : vary the non-pertubative correction factor considering the half of the 

spread of the three MC calculations as uncertainty.
• Scale uncertainty : repeat fit for different scale settings by varying independently  μr/Q 

and μf/Q from ½ to 2, and get maximal deviation.

Construct χ2

Including all
correlationsαS=0.112

αS=0.126

CMS : arXiv1410.6765
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αS Running
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Correlation Coefficients
• Using the replicas of the  NNPDF2.1 PDF set the correlation coefficient ρi(x,Q2) between the inclusive jet 

cross section σjet (Q) and x times the parton distribution function fi(x,Q2) is derived.
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PDF constraints : Muon charge asymmetry in 𝒑𝒑 → 𝑾+𝑿
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Big Improvement : MSTW2008 -> MMHT2014



PDF constraints : CMS W production at 7 TeV

• PDF constraints using the CMS muon charge asymmetry and the W+charm measurement (JHEP 02 (2013) 013)

• Study of light quark distributions in proton and determination of strange quark density.
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