
André H. Hoang 

University of Vienna  

LCWS 2015, Whistler, Nov 2 - 6, 2015 

Strong Coupling Overview 



LCWS 2015, Whistler, Nov 2 - 6, 2015 

Introduction 
In the absense of any sign of new physics the demands on the precision of theoretical 
predictions within the Standard Model are steadily increasing.  

 

Parametric uncertainties of the parameters of the Standard Model (heavy quark 
masses, strong coupling, CKM matrix elements) play an important role in this context. 

 

Strong coupling determinations are important:  

 

 

 

Overall endeavor characterized by: 

•  Precise predictions for observables sensitive to QCD corrections. 
•  Consistency of determinations from different observables reflects 

our understanding of QCD.   

•  Increased awareness that proper and adequate estimate of theoretical 
uncertainties has highest priority. 

•  New and more precise analyses can lead to an increase in the uncertainties 
compared to earlier analyses.   

•  Existence of very precise, but mutually incompatible results enforces cross 
checks at all levels and critical view on how error estimates are carried out. 
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Introduction 

Important observables where precision of strong coupling is important: 

•  All hadron collider quantities sensitive to production rates and mechanism 
or parton distribution functions. 

•  All observables where QCD corrections are large and required/intended 
precision is high. 

•  Higgs, vector bosons: production, hadronic decays 
•  Top quark pair threshold @ LC 
•  ttH @ LC 
•  … 
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Introduction 

I use a lot of information from the preliminary 2015 World Average in the PDG QCD 
review, but some statements I make reflect my own opinion and are not statements 
made in the World Average. 

Aim of this talk: 

•  Review major areas of      determinations following the new preliminary 
2015 World Average. 

•  Status concerning most up-to-date results 
•  Assessment of possible next steps for improvement  

↵s

Note: 

I use a lot of material presented in talks at the CERN Workshop on high-precision 
alpha_s measurements: from LHC to FCC-ee and thank the authors for their 
contributions.    
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Outline 

•  Comments on (preliminary) 2015 World Average 
•  Lattice QCD 
•  Hadronic tau decay 
•  e+e-- annihilation (event shapes) 
•  DIS and pdf fits 
•  Hadron collider data (LHC) 
•  Electroweak precision fits  
•  Conclusions 
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Comments on 2015 World Average 

From S. Bethke @ Fcee WS 

Error has gone up 
for the first time. 



LCWS 2015, Whistler, Nov 2 - 6, 2015 

Comments on 2015 World Average 

= new 
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Comments on 2015 World Average 

From S. Bethke @ Fcee WS 

Only at least NNLO based 
analyses shall be included!  
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Comments on 2015 World Average 
Averaging Methods: 

For individual subfield in 
case there are large 
systematic differences in 
analyses based on same 
observable/data. 

For avaraging in all other 
cases to account for 
possible (unknown) 
correlations and possible 
understimated systematic 
uncertainties. 

Intention: 

From S. Bethke @ FCCee WS 
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Comments on 2015 World Average 
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Comments on 2015 World Average 
Comments: 

•  Higher degrees of sophistication in a number of different strong coupling 
extraction methods (tau decay, event shapes) have revealed that there are 
issues that are not yet understood. This might happen for other methods as 
well.   

•  Status concerning most up-to-date results 
•  Assessment of next steps for improvement  
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Lattice QCD 

From A. Vladikas @  



LCWS 2015, Whistler, Nov 2 - 6, 2015 

Lattice QCD 
New: Static energy - Lattice (updated) vs. NNNLO QCD    

pQCD: 

New Lattice + pQCD fit: 

•  Good pQCD convergence 
•  Many consistency checks 
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Lattice QCD 

From X.G.i. Tormo  

•  New result somewhat low 
compared to other recent high-
precision lattice determinations 

•  Indication for systematic 
deviation? 

Ways to improve situation / go on: 

•  Add more high-precision analyses based on other lattice-QCD calculations. 
•  Critical assessment of origin of differences / missing ingredients for proper 

error estimates.  
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Hadronic Tau Decay 

From T. Pich @ FCCee WS 
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Hadronic Tau Decay 

From T. Pich @ FCCee WS 

Experimental spectral functions 
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Hadronic Tau Decay 

From T. Pich @ FCCee WS 

Theory Input 
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Hadronic Tau Decay 
Fixed-order vs Contour-improved perturbation theory  

•  pQCD for tau decay at the borderline of convergence between FOPT and CIPT 
•  Both approaches do not seem to converge to the same perturbative result. 
•  Scale variation gives smaller error estimate than using FOPT vs. CIPT.  
•  Whether FOPT or CIPT is “better” might not be made clearer by even having the next 

order in pQCD. Nothing a priori wrong with either FOPT or CIPT. 
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Hadronic Tau Decay 

Ways to improve situation / go on: 

•  Next order pQCD might help to reduce discrepancy, but not clear whether it 
really will. 

•  New insights into the structure of non-perturbative corrections and/or 
renormalon effects. 

•  Systematic difference FOPT vs CIPT 
should be taken as the current theoretical 
error.  

New results: 
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e+e--Annihilation 

•  Contains among the most precise individual 
determinations, but has largest uncertainty in 
the world average, due to very small values 
for the strong coupling. 

•  Two classes of observables combined: 
        - event shapes 
        - (3) jet rates (NNLO, but still larger errors) 
•  Large spread in results from event shapes. 
  

I explain what leads to the widely different results for the event shapes 
analyses concentrating mostly on our new C-parameter analysis.  

 

New result: 
AHH, Kolodrubetz, Mateu, Stewart; 
PRD 91 (2015) 9, 094018  
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e+e- : Event Shapes 

Classic method for determining 

Single-variable jet distributions  
�s(Mz)

OPAL 3 jet event 

e.g. Thrust 

� = 0

� = 0.5

peak 
2 jets + soft radiation 

tail 
multijet 2 jets, 3 jets 

> 3 jets 

C-parameter 



LCWS 2015, Whistler, Nov 2 - 6, 2015 

e+e- : Event Shapes 
Anatomy of theory prediction (SCET, but similar in other approaches) 
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•  Factorization: hard vs. collinear vs. soft 
•  Resummation of large logarithm up to NNNLL order 
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e+e- : Event Shapes 
Anatomy of theory prediction (SCET, but similar in other approaches) 

⇣ d�

dC

⌘
=

Z
d`

⇣ d�

dC

⌘
sing

part

⇣
C � `

Q

⌘
+
⇣ d�

dC

⌘
nonsing

part

⇣
C � `

Q

⌘�
Smod(`,�(R))

For C ≫ ΛQCD/Q,  in the tail region, the soft model function can be expanded in 
an OPE.  
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Only two fit parameters:  ↵s and ⌦C
1

Two ways to determine non-perturbative matrix element Ω1: 

•  From Monte-Carlo (parton-level vs. hadron-level output): classic method 
•  From global fits to data: “analytic power corrections”  
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e+e- : Event Shapes 

Different behavior of fits with increase order 

C-parameter Tail αs-Ω1 Global Fit 

Very good agreement at N3LL + O(αs
3) with renormalon subtraction. 

Good convergence 
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e+e- : Event Shapes 

Different behavior of fits with increase order 

Thrust Tail αs-Ω1 Global Fit C-parameter Tail αs-Ω1 Global Fit 

Very good agreement at N3LL + O(αs
3) with renormalon subtraction. 

Good convergence 

Error dominated by theory uncertainty (particularly pQCD) 



LCWS 2015, Whistler, Nov 2 - 6, 2015 

e+e- : Event Shapes 

C-parameter versus Thrust Tail Global Fit  

Thrust and C-parameter results are fully compatible concerning fit of non-
perturbative matrix element Ω1. 

AHH, Kolodrubetz, Mateu, Stewart; 
PRD 91 (2015) 9, 094018  
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e+e- : Event Shapes 
NNLO pQCD input  &  Non-perturbative 
corrections from Monte-Carlo estimate. 

Problem: Monte-Carlo parton level has only 
LO/LL precision. 

NNLO –QCD input & Non-perturbative 
corrections global fits to experimental data 

WHY DIFFERENT? 

Degeneracy between                    :   ↵s and ⌦1

We would obtain 
↵s(mZ) ⇠ 0.118 for ⌦1 ⇠ 0.170 GeV

Monte-Carlo method to determine Ω1 leads to substantially 
smaller values than fits to data.  

Degeneracy is lifted by fitting to data from different Q values. 
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e+e--Annihilation 

Ways to improve situation / go on: 

•  Do NNNLL + matched NNLO analyses for other event shapes: e.g. heavy 
jet mass, broadening. A lot of work due to new systematics in summation 
and non-perturbative effects. (work in progress, heavy stuff) 

•  Computation of next order: very hard + not likely to remove discrepancies. 
•  High-precision low-Q data from B factories (off Υ(4S) resonance). Data is 

existing, but has never been published. Would add a very important 
constraint that might affect the outcome of αs-Ω1 combined fits.  
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What can a future lepton collider help? 
What would a precise measurement of event shapes at higher Q values contribute? 

• Event accumulate in very small region 
at small values.  

• High precision needed. 

• Background tricky (ɣɣ) 

• Non-perturbative effects decrease with Q 

• At some point smaller than experimental 
uncertainty and negligible !! 
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Strong Coupling from a Future Lepton Collider 
What would a precise measurement of event shapes at higher Q values contribute? 

Exercise: Make up fictitious ILC data at 500 GeV, with assumed 1% statistical and 
1% systematical uncertainties. Repeat fits. 

•  Limited impact concerning precision 
because high-energy uncertainties blown 
up in the evolution down to the Z mass 

• Nevertheless EXTREMELY important for 
lifting degeneracy between                     
and for checking for consistency of Ω1.   

↵s and ⌦1

V. Mateu, AHH; unpublished 
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DIS and global PDF Fits 

From J. Blümlein @ Fcee WS 
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DIS and global PDF Fits 

From J. Blümlein @ Fcee WS 
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DIS and global PDF Fits 

From J. Blümlein @ Fcee WS 
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DIS and global PDF Fits 

From S. Bethke @ Fcee WS 
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DIS and global PDF Fits 

Ways to improve situation / go on: 

•  Highly sophisticated analyses (at mostly NNLO) based on slightly differing 
experimental and theoretical input. 

•  The origin of the numerical differences in the strong coupling from the 
different analyses are known, but come from many sources (data sets used, 
parametrization of pdfs, theory input,…) 

•  There is no agreement among the groups about the optimal prescription. 
Each one claims they are correct. 

•  More higher-order calculations will affect individual analyses but unlikely to 
reduce overall discrepancies.  

Situation characterized by: 

•  Agreement among different groups about an optical procedure.  
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Hadron Collider Data 

With the common use of NLO-Monte-Carlos many pQCD-affected observables can 
be used to constrain / extract the strong coupling. 

Most of these observables mainly aim at quality control of our understanding of 
QCD (and of the more accurate NLO-Monte-Carlos).   

•  Inclusive jet production cross sections 
•  Ratios of cross sections for certain number of jets 
•  Angular correlations 
•  Jet masses 
•  Top production 
•  … 
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Hadron Collider Data 
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Hadron Collider Data 

From K. Rabbertz @ Fcee WS 

Only one NNLO 
analysis. 
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Hadron Collider Data 

Ways to improve situation / go on: 

•  Field just at the beginning. 
•  Correlation to (gluon) pdf shape intrinsic to many observables.  
•  Only NNLO based analyses reliable.  

•  More NNLO analyses to get better overview of how convergent the results 
are.  
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Electroweak Precision Fits  

Gfitter, 1407.3792v2 

•  Global fit on LEP/SLD Z-pole 
precision observables.  

•  Strong coupling dependence 
through NNLO (partial NNNLO) 
QCD corrections to  

            ΓZ and σhad  

 
•  Error completely dominated by 

experimental uncertainty:  
    Only more precise data can lead 
    to reduction of error. 
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Conclusions 

•  Many determinations of                with percent-level precision from 
different fields.   

•  Results made possible by man advances in pQCD, resummations, 
lattice QCD, high precision data, field theoretic develpments. 

•  But many high precision determination are in contradiction (if the the 
uncertainties are interpreted strictly), which indicates that there are 
still, many issues that are not well understood (missing theory as well 
as missing data). 

•  A number of new high-precision determination has lead to an increase 
of the error in the world average. 

•  Most discrepancies do not seem to be resolvable by computations of 
the next orders in pQCD although individual determination might get 
more precise. 

•  Future analyses should not only aim for another increase in precision, 
but also for possible systematic effects and apply conservative error 
estimates  

↵s(mZ)


