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→ Examples of R3/2 , RΔΦ , TEEC measurements 
 
→ Scales for αS evaluation & RGE test using jet cross-section ratio 

(and event-shape) observables 
 
→ PDF sensitivity 
 



R3/2 and N3/2 – measurements & theory prediction 

1 entry / event 1 entry / jet 

→ Unfolded Xsec ratios sensitive to αS  

→ pT > 40 GeV; |y| < 2.8; pT
lead > 60 GeV (trigger ε & stability NLO pQCD) 

ATLAS-CONF-2013-041 
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R3/2 and N3/2 – The scale sensitivity (1) 

Nominal scale choice 

Saddle point 

→ Performed detailed study of the scale dependence of NLO pQCD 
→ Scale choice µR = µF = pT

lead (pT
(all jets)) consistent for numerator and denominator of R3/2 (N3/2) 

→ Question of evaluation of scale (MHO) uncertainties for ratio observables relevant here 

ATLAS-CONF-2013-041 
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R3/2 and N3/2 – The scale sensitivity (2) 

→ N3/2 less sensitive to choice of scales & similar/better sensitivity to αS: 
     Used to extract αS, for pT

(all jets) > 210 GeV 
→ Predictions obtained with R=0.4 much more sensitive to scale choice: not used here 

ATLAS-CONF-2013-041 
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→ χ2 fit in the range 210 GeV <  
pT

(all jets) < 800 GeV used to extract αS 
 

χ2 ~ 7.1 / 5 dof (test of RGE) 
 

→ Takes into account experimental  
uncertainties and correlations 
 

→ Theoretical uncertainties propagated  
through ± 1σ shifts 
- dominated by scale uncertainty 
 
 
 
 
 
 
→ PDF variations ~ Experimental uncertainty 

N3/2 – the results for αS  
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RΔ Φ 
arXiv:1805.04691 

→ RΔΦ measured in HT, y* and ΔΦmax bins 
 

→ The observable is non-trivial (and hence sensitive to αS) due to 
events that are not back-to-back dijets (i.e. with 3rd jet etc.) 
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RΔ Φ 

arXiv:1805.04691 
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(*) All uncertainties have been multiplied by a factor of 103 

(*)  

(*)  

→ Variation of PDF choice ~ Experimental uncertainty 



→ anti-kt R=0.4; pT > 100 GeV; |η| < 2.5; Njets ≥ 2; pT1 + pT2> 800 GeV 
TEEC and ATEEC – Data / theory comparison @ 8 TeV 

TEEC ATEEC 
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→ Theory prediction: NLOJet++ & NP corrections (PYTHIA8 & HERWIG++) 

→ Energy-weighted angular distributions:                                 ; in HT2 and cos Φ bins 
 

arXiv:1707.02562 



→ αS evaluated through χ2 fit taking into account experimental uncertainties and correlations:  
     good fit quality – test RGE 
 

→ Theory uncertainties (scales, PDFs, NP corrections) propagated through ± 1σ shifts 

TEEC, 7TeV ATEEC, 7TeV 

TEEC and ATEEC – Determination of αS  
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→ For observables like R3/2, N3/2, RΔΦ and (A)TEEC, sensitivity to αS  originates from probability  
     of emission of extra radiation (3rd jet etc.) 
→ Effect acknowledged by evolving αS to <pT3> (significantly lower than <HT2>)  

TEEC – αS scale dependence / choice 
TEEC 
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ATEEC – αS scale dependence / choice 
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ATEEC 

→ For observables like R3/2, N3/2, RΔΦ and (A)TEEC, sensitivity to αS  originates from probability  
     of emission of extra radiation (3rd jet etc.) 
→ Effect acknowledged by evolving αS to <pT3> (significantly lower than <HT2>)  



→ Can one really claim tests of RGE at scales from event-level observables ??? 
e.g. pT

lead. jet(R3/2  ), pT
(all jets)(N3/2  ), (pT,1+pT,2 )/2, HT/2, MJ1,J2,J3 /2 (large even for low pT,1-3  ) 

→ “Traditional criteria” of minimizing uncertainties/k-factors is not relevant here 
→ Relevant scale for RGE test using R3/2, N3/2, RΔΦ and (A)TEEC related to pT,3 (low)  
Need consistency between scale for theory calculation and RGE test claim; MiNLO procedure 
may provide a way forward. 

Thoughts on RGE tests through jet measurements 
(pT,1+pT,2)/2 

Scale choice (Q) 

MJ1, J2, J3 /2 pT
jet 

HT / 2 
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→ PDF variations similar to / larger than the most conservative PDF uncertainty (NNPDF replicas) 
 

→ Scale and PDF uncertainties > Experimental uncertainty 
     (similar conclusions for (A)TEEC @ 7TeV – see backup) 

TEEC and ATEEC – αS results @ 8 TeV 

TEEC 

ATEEC 
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arXiv:1707.02562 - ATLAS 



Similar PDF sensitivity for αS results @ CMS 
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arXiv:1304.7498 
→ R3/2 @ 7 TeV NNPDF 2.1: 

arXiv:1412.1633 

→ R3/2 @ 8 TeV 
CMS-PAS-SMP-16-008 

→ 3-jet mass @ 7 TeV 

(*) Only total uncertainties 
without scale variations  

(*) (*) 



→ PDF uncertainties non-negligible (typically between total experimental and NLO scale  
  uncertainty) for cross-section ratio measurements & (A)TEEC:  
- probability of extra radiation (which makes these observables non-trivial) sensitive to the type  
  of partons in the initial state 
- both αS & PDF sensitivities of the observables are reduced when taking ratios and they are  
  both relevant for the αS evaluation 

Thoughts on PDF sensitivity in αS evaluations from jet Xsec ratios 
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Backup 



→ Energy-weighted angular distributions: 

→ anti-kt R=0.4; pT > 50 GeV; |η| < 2.5; Njets ≥ 2; pT1 + pT2> 500 GeV 

→ Theory prediction: NLOJet++ & NP corrections (PYTHIA6 & HERWIG++) 
 

                                                                 ;                                ; (250-1300 GeV) 

TEEC and ATEEC – Data / theory comparison @ 7 TeV 
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TEEC ATEEC 



→ Nominal result (TEEC; CT10) :  
     - good experimental precision 
     - PDF uncertainty (eigenvectors) covering PDF variations 
  
→ Scale and PDF uncertainties > Experimental uncertainty 

TEEC 

ATEEC 

TEEC and ATEEC – αS results @ 7 TeV 
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→ Can one really claim tests of RGE at scales from event-level observables ??? 
e.g. pT

lead. jet(R3/2  ), pT
(all jets)(N3/2  ), (pT,1+pT,2 )/2, HT/2, MJ1,J2,J3 /2 (large even for low pT,1-3  ) 

→ “Traditional criteria” of minimizing uncertainties/k-factors is not relevant here 
→ Relevant scale for RGE test using R3/2, N3/2 and (A)TEEC related to pT,3 (low)  
     Need consistency between scale for theory calculation and RGE test claim 

CMS-PAS-SMP-16-008 

(pT,1+pT,2)/2 

Scale choice (Q) 

MJ1, J2, J3 /2 
pT

jet 
pT

jet(not pT
lead. Jet, as stated in paper) 

Thoughts on αS results from jet measurements 
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