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Overview

The strong coupling constant

Extraction procedure

Results 

Why multi-jet cross section ratios?
The measured quantity
Measurement results
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The strong coupling and the RGE

QCD tests  2 aspects:→ - Determine the value of  s   →  s (MZ) 
- test the predictions for its running

 
s(R) depends on 

renormalization scale R 

 Values of s(R) are not predicted

 R dependence is predicted by 

Renormalization Group Equation
                     (RGE)
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Why we care

RGE may be modified
by New Physics

e.g. effects from extra 
spacetime dimensions:

 Modified running of→
      s(Q) at high Q  

 RGE of pQCD may not tell the full story
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Jet production at a hadron collider

jet

jet
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Jet production at a hadron collider

Matrix Elements

jet

jet

Standard Model or New Physics?
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Jet production at a hadron collider

Matrix Elements

jet

jet

Parton distribution 
functions 

Standard Model or New Physics?

Values?  Evolution?  
Universality?
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Jet production at a hadron collider

Matrix Elements

jet

jet

Strong coupling s 

Parton distribution 
functions 

Standard Model or New Physics?

Value?  Evolution?  Universality?

Values?  Evolution?  
Universality?
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Ratios of Multi-Jet Cross Sections

sR =

- sensitive to s     (3-jets: s
3    |  2-jets: s

2)
- less sensitive to PDFs & exp. uncertainties (cancellations)

3-jet / 2-jet ratios
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Transverse Energy-Energy Correlations 

Transverse enery-energy correlations  (TEEC)
Associated asymmetry (ATEEC)

Energy-Energy Correlations = Energy-weighted angular correlations
Event shape  independent of thrust axis or sphericity tensor→

Transverse version  use at hadron colliders→

Calculated to NLO pQCD

Sum: over all pairs of jets i,j
ij  : azimuthal angle between i,j

TEEC:

ATEEC:

ATLAS Collab. Eur.Phys.J. C77 (2017) 12, 872
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Event weights

TEEC / ATEEC Measurement

Data set

ATLAS data at  sqrt(s) = 8 TeV  with  L = 20.2 fb-1 

Single-jet trigger  ET > 360 GeV

Phase space

Jets with   pT > 100 GeV,      || < 2.5

HT2  = (pT1 + pT2) > 800 GeV

Normalized distribution in cos() and HT2 

Distributions unfolded to particle level

Measurement

Detector-level
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TEEC / ATEEC Syst. Uncertainties 

Systematic uncertainties for TEEC are always below 5%
 → Jet energy calibration uncertainties cancel partially in ratio

TEEC  (top)
ATEEC (bottom)

Lowest HT2 (L)

Highest HT2 (R)
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Measurement Results   TEEC 

  Well described by PYTHIA8

Data vs. Monte Carlo
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Measurement Results   TEEC 
Data vs. Monte Carlo
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Measurement Results   ATEEC 
Data vs. Monte Carlo
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Theory Predictions 

Non-perturbative corrections

NLO pQCD

NLOjet++   (massless quarks, nf = 5) 

renormalization scale: HT2 / 2           factorization scale: HT2/4

PDFs: MMHT2014, CT14, NNPDF3.0, HERAPDF2.0  

PYTHIA8   tunes: AU2 (nominal),  4C

HERWIG++  tunes: LHC-UE-EE-3-CTEQ6L1,   LHC-UE-EE-3-LOMOD  

Non-pert corrections
for TEEC     < 2%
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Data / pQCD Theory Comparison 

Good agreement within theoretical uncertainty from scale dependence
         → <10%  for  |cos | > 0.7               up to 20%  for  |cos → | < 0.3 

     TEEC      ATEEC
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Determination of   s 

     Minimize 2 function      Hessian approach

Combine data within each HT2 range  6 sets  6 → → s results

     TEEC      ATEEC
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Determination of   s(Q) 

Consistency with RGE predictions 
     & with results from other experiments

     TEEC      ATEEC
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Determination of   s(mZ) 

Consistent with each other   &   with world average  (0.1181 +- 0.0011)

     TEEC

 ATEEC
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Summary 

Good agreement with previous results, world average 
and RGE predictions

     Measurement of transverse energy-energy correlations & asymmetry 

● 2012 ATLAS data,   sqrt(s) = 8 TeV,    L = 20.2 fb-1 
● Small experimental uncertainties for TEEC 
● Reasonably well described by different MCs   &    NLO pQCD + non-pert.

● Determinations of s(Q) and s(mZ) 

● Fits, combining all different HT2 regions:

 

ATLAS, Eur.Phys.J. C77 (2017) 12, 872
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