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How should you think of this talk?

Outline

• Summary of analyses that determined/discussed  from „classical“  
event shape observables

αs e+e−

What this talk will not provide for you

• Results for  involving Monte Carlo methods for NP corrections


• ENCs


• Technical details on


Renormalon analysis


Dijet resummation using Soft-Collinear Effective Theory (SCET)


Sudakov Shoulder resummation

e+e−

[Caola et al. 2021, 2022]
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Linear power corrections in the 3jet region [Caola et al. 
2021, 2022]

• Investigated the structure of linear renormalons in the three jet region by 
computing cross section for the process  


• added contributions arising from each one of the final state color dipoles 
to go from  to 

γ* → qq̄γ

γ* → qq̄γ γ* → qq̄g

+ others
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 extractions based on Fixed-Orderαs

• Simultaneous fit to -parameter, thrust and  for  and NP parameter


• Analyzed different effects in addition to NP contribution

C y3 αs

[Nason, Zanderighi 2023, 2025]

 = dipole modelζ(ν)
 = flat NP correctionζ(0)

Conclusion of analyses: Uncertainties accompanying earlier  extractions 

using analytic methods to determine NP correction were underestimated

αs

Miguel Benitez - Stony Brook - 2025, 5 May – 7 May 2025                                                                                                                                                                      4



• Scaling of observable important for theory prediction

Event Shapes using SCET resummation
[MB, Hoang, Mateu, Stewart, Vita 2024]
[MB, Bhattacharya, Hoang, Mateu, Schwartz, Stewart, Zhang 2025]

Miguel Benitez - Stony Brook - 2025, 5 May – 7 May 2025                                                                                                                                                                      5



Peak region

Heavily affected by non-
perturbative dynamics

• Scaling of observable important for theory prediction

Event Shapes using SCET resummation
[MB, Hoang, Mateu, Stewart, Vita 2024]
[MB, Bhattacharya, Hoang, Mateu, Schwartz, Stewart, Zhang 2025]
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Tail region

Soft and collinear 
radiation dominates

 provides clear 
separation between 

perturbative and non-
perturbative modes

ΛQCD ≪ si

• Scaling of observable important for theory prediction

Event Shapes using SCET resummation
[MB, Hoang, Mateu, Stewart, Vita 2024]
[MB, Bhattacharya, Hoang, Mateu, Schwartz, Stewart, Zhang 2025]
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Far-Tail region

No clear distinction 
between hard scale and 

observable

Distribution well 
approximated by FO

Small non-perturbative 
corrections

• Scaling of observable important for theory prediction

Event Shapes using SCET resummation
[MB, Hoang, Mateu, Stewart, Vita 2024]
[MB, Bhattacharya, Hoang, Mateu, Schwartz, Stewart, Zhang 2025]
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Dijet 
NP

Dijet-Trijet 
Perturbative

Multijet

• Scaling of observable important for theory prediction

Event Shapes using SCET resummation
[MB, Hoang, Mateu, Stewart, Vita 2024]
[MB, Bhattacharya, Hoang, Mateu, Schwartz, Stewart, Zhang 2025]
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Dijet-Trijet 
Perturbative

Tail Region fits

• Scaling of observable important for theory prediction

Event Shapes using SCET resummation
[MB, Hoang, Mateu, Stewart, Vita 2024]
[MB, Bhattacharya, Hoang, Mateu, Schwartz, Stewart, Zhang 2025]
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• HJM differential cross section factorizes in the dijet limit into global hard factor times                
two-dimensional convolution of two one-dimensional jet functions and two-dimensional soft and 
shape functions


• Around symmetric trijet limit , distribution factorizes as


• Matching between the dijet, fixed-order and shoulder regions done by writing full cross section as 


• Model power corrections around the symmetric trijet limit with non-perturbative shift parameter 

ρ → 1/3

Θ1

The HJM distribution — dijet + shoulder resummation

Same methodology applies for thrust*

*1d soft and shape functions, no shoulder
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• Impact of power corrections and renormalon-subtraction scheme


• Deviation from dijet treatment of power corrections — decrease of fit range

 from Thrustαs
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• Summary of all effects analyzed

 from Thrustαs

Considering all effects addressed in recent literature, 

total uncertainty experiences only slight increase

• Final result
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• Use     function including theoretical and experimental uncertainties


• Total covariance matrix = sum of theoretical and experimental:


•     reads:

Modified fit procedure for HJM

Experiment Theory

35 GeV < Q < 207 GeV 

(700 experimental datapoints)

Minimal Overlap Model treats 
correlations of systematic uncertainties 

on experimental measurements

Theory uncertainties assessed though renormalization scale variation        
 not Gaussian + highly correlated→

Employ flat random scan: M = 5000 sets of k ≤ 17 parameters generated, 
each produces theory prediction for data-point xi

Determine   and  x̄i = (xmax
i + xmin

i )/2 Δtheo
i = (xmax

i − xmin
i )/2

Correlation coefficient  among binsrij

Theory covariance matrix results from scaling correlation coefficient by 
  uncertainties 1 − σ
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• Results for  using fit range  for different αs a /Q ≤ ρ ≤ 0.3 a

Fit results — Fixed Order

  peak positionapeak ≡

Results for  very sensitive to fit range


Large fit range uncertainty even with restriction 



Impossible to extract sensible value of  without 
arbitrary choice of fit range

αs

a ∈ [5apeak,8apeak]

αs
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• Results for  using fit range  for different αs a /Q ≤ ρ ≤ 0.3 a

Fit value remarkably insensitive to fit range


Small fit range uncertainty for 


Data prefers positive power correction (rightward shift 
of distribution)

a ∈ [3apeak,6apeak]

Fit results — Dijet resummation

  peak positionapeak ≡
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• Results for  using fit range  for different αs a /Q ≤ ρ ≤ 0.3 a

Fit value remarkably insensitive to fit range


Small fit range uncertainty for 


But what about the power corrections?

a ∈ [3apeak,6apeak]

Fit results — Dijet + Shoulder resummation

  peak positionapeak ≡
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• Results for ,  and  using fit range  for different αs Ωρ
1 Θ1 a /Q ≤ ρ ≤ 0.3 a

  peak positionapeak ≡

Fit results — Dijet + Shoulder resummation

Data favors negative power corrections only with shoulder!
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Summary of HJM analysis
• Innovations include


Improved treatments of dijet/OPE and trijet/shoulder region


Inclusion of theory correlations during fitting


Careful attention to the range of data used for fitting


• Found fits are minimally sensitive to fit range when including 
resummation, in contrast to fixed-order perturbation theory 
(essentially linear dependence on lower bound)


• Found evidence for negative power correction in tail of 
distribution only if Sudakov shoulder resummation is included 


• Extracted value is


    

     compatible with Thrust and C-parameter results

Dijet-Trijet 
Perturbative
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What do we learn from all of this?
• Perfectly valid to investigate impact on different sources of uncertainty, e.g. NP 

corrections, hadron mass effects, … However, this needs to be based on a robust 
theoretical description


• For this particular class of observables, a fixed-order prediction does not provide the 
required robust basis in the region typically used for  determinations


• Analytic resummation provides such a robust basis. In this case, using SCET, robust 
theoretical predictions are obtained


• Difference to world average may be related to statistical fluctuations — 1.6  
discrepancy can’t be considered incompatible with world average 


• Thorough investigation on theoretical side should be accompanied by a 
corresponding investigation on the experimental side

αs

σ
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What do we learn from all of this?
• Perfectly valid to investigate impact on different sources of uncertainty, e.g. NP 

corrections, hadron mass effects, … However, this needs to be based on a robust 
theoretical description


• For this particular class of observables, a fixed-order prediction does not provide the 
required robust basis in the region typically used for  determinations thus far


• Analytic resummation provides such a robust basis. In this case, using SCET, 
theoretical predictions seem robust


• Difference to world average may be related to statistical fluctuations — 1.6  
discrepancy can’t be considered incompatible with world average 


• Thorough investigation on theoretical side should be accompanied by a 
corresponding investigation on the experimental side

αs

σ

Thank you for your attention!

🌧

Miguel Benitez - Stony Brook - 2025, 5 May – 7 May 2025                                                                                                                                                                    20


