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Event shapes  
and the 
strong coupling

PDG 2016:

Hoang et al. , PRD 
91 (2015) 094018

Event 
shapes

Abbate et al. , PRD 83 (2011) 074021



Fit and Predictions: C

Hoang et al. , PRD 91 (2015) 094018



High precision and impact on strong coupling

Hoang et al. , PRD 91 (2015) 094017 Hoang et al. , PRD 91 (2015) 094018



Factorization & Resummation  
using EFT

























Ingredients for NNLL’ Angularities







NNLO soft function

Determine two-loop soft anomalous dimension and matching correction with SoftSERVE
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EVENT2 @ NLO
distributions



EVENT2 @ NLO: singular constant extraction



EVENT2 @ NLO: singular constant extraction



EVENT2: remainder functions
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EVENT2: remainder functions



Nonperturbative Corrections











Cross Section Results





Cross section predictions
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Random scan over sets of scale profile functions: 

Resulting envelope of cross section predictions (integrated distributions):

a = − 1 a = − 0.5 a = 0.5

NLL
NLL′� + 𝒪(αs)
NNLL + 𝒪(αs)
NNLL′� + 𝒪(α2

s )

Bell, Hornig, CL,Talbert (2018)



Cross section predictions
Differential distributions:

NLL
NLL′� + 𝒪(αs)
NNLL + 𝒪(αs)
NNLL′� + 𝒪(α2

s )

Bell, Hornig, CL,Talbert (2018)



Comparison to data
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αs(MZ) = 0.11 , Ω1(RΔ, RΔ) = 0.4 GeV

L3 Collaboration (2011) Q = MZ



With PDG world average L3 Collaboration (2011) Q = MZ

αs(MZ) = 0.118 , Ω1(RΔ, RΔ) = 0.2 GeV
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Fitting the strong coupling  
with angularities





Preliminary look at fit

• fitting all angularities simultaneously (*but assuming no correlations):
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• compare to other event shape 

extractions using SCET:

Thrust:

C-parameter:

[NNLL′� + 𝒪(α2
s )]

αs(MZ) = 0.1102 ± .0038
Ω1 = 0.443 ± 0.138 GeV

αs(MZ) = 0.1143 ± .0022
Ω1 = 0.316 ± .072 GeV

Bell, CL, Makris, 
Prager, Talbert  
(in progress)

Hoang et al. (2015)

Abbate et al. (2010)

PRELIMINARY

• obtaining theoretical uncertainties from the random scan of scale profile functions



Preliminary look at fit

• fitting each angularity individually:

⨯⨯

⨯⨯⨯

⨯
⨯⨯⨯

⨯
⨯
⨯

⨯
⨯⨯

⨯

⨯

⨯
⨯⨯

⨯⨯⨯ ⨯⨯⨯
⨯
⨯

⨯
⨯

⨯
⨯

⨯

⨯ ⨯⨯⨯
⨯⨯⨯
⨯

⨯
⨯⨯⨯⨯⨯

⨯

⨯
⨯

⨯

⨯

⨯
⨯⨯⨯

⨯

⨯
⨯

⨯

⨯ ⨯
⨯
⨯

⨯

⨯

⨯⨯
⨯

⨯

⨯⨯
⨯

⨯⨯
⨯⨯⨯

⨯⨯

⨯
⨯⨯

⨯

⨯ ⨯⨯
⨯

⨯⨯
⨯

⨯

⨯ ⨯

⨯

⨯⨯

⨯

⨯

⨯⨯⨯

���� ���� ���� ���� ���� ����
-���

-���

���

���

���

⨯⨯
⨯⨯

⨯ ⨯

⨯

⨯

⨯
⨯

⨯

⨯
⨯
⨯⨯⨯ ⨯

⨯

⨯⨯⨯
⨯

⨯

⨯⨯
⨯

⨯
⨯

⨯
⨯
⨯

⨯
⨯

⨯ ⨯
⨯⨯

⨯⨯

⨯⨯

⨯⨯

⨯
⨯⨯

⨯

⨯
⨯

⨯

⨯⨯

⨯

⨯

⨯
⨯

⨯⨯
⨯

⨯

⨯ ⨯
⨯

⨯

⨯
⨯

⨯
⨯

⨯⨯
⨯

⨯
⨯

⨯
⨯

⨯

⨯

⨯
⨯
⨯

⨯

⨯

⨯

⨯⨯

⨯⨯
⨯

⨯⨯
⨯

⨯⨯
⨯

⨯
⨯

⨯

⨯

⨯

⨯⨯⨯

���� ���� ���� ���� ���� ����
-���

-���

���

���

���

⨯
⨯

⨯
⨯ ⨯

⨯
⨯

⨯

⨯

⨯

⨯
⨯

⨯

⨯

⨯

⨯
⨯

⨯
⨯

⨯

⨯
⨯

⨯

⨯
⨯

⨯

⨯

⨯⨯⨯⨯

⨯

⨯
⨯⨯

⨯ ⨯
⨯

⨯

⨯

⨯

⨯

⨯
⨯

⨯ ⨯

⨯

⨯

⨯

⨯
⨯

⨯

⨯
⨯⨯

⨯⨯
⨯
⨯⨯

⨯

⨯

⨯

⨯⨯⨯

⨯ ⨯

⨯⨯

⨯

⨯⨯

⨯

⨯

⨯

⨯

⨯
⨯

⨯

⨯

⨯
⨯

⨯

⨯

⨯⨯

⨯

⨯

⨯⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯⨯

���� ���� ���� ���� ���� ����
-���

-���

���

���

���

⨯
⨯⨯⨯⨯

⨯

⨯

⨯

⨯

⨯

⨯
⨯

⨯

⨯

⨯
⨯⨯⨯⨯

⨯

⨯
⨯

⨯

⨯

⨯

⨯

⨯
⨯
⨯⨯

⨯
⨯

⨯

⨯⨯⨯
⨯

⨯

⨯

⨯

⨯
⨯

⨯

⨯

⨯

⨯
⨯⨯

⨯

⨯

⨯

⨯

⨯

⨯⨯

⨯
⨯

⨯⨯
⨯⨯

⨯

⨯

⨯
⨯

⨯

⨯

⨯

⨯⨯
⨯

⨯
⨯

⨯
⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯

⨯⨯

⨯
⨯

⨯

⨯⨯
⨯

⨯
⨯⨯ ⨯⨯

���� ���� ���� ���� ���� ����
-���

-���

���

���

���

a = − 1 a = − 0.5 a = − 0.25 a = 0.5

PRELIMINARY PRELIMINARY PRELIMINARY PRELIMINARY

• using a “fixed” set of bins as the fitting region (5th + 8 bins in data; usually from 2nd to 3rd after peak)

Bell, CL, Makris, 
Prager, Talbert  
(in progress)





Backups











Comparison to data
αs(MZ) = 0.11 , Ω1(RΔ, RΔ) = 0.4 GeV

L3 Collaboration (2011) Q = 197 GeV

���� ���� ���� ���� ���� ����
�

�

�

�

�

��

τ�

� = ���

���� ���� ���� ���� ���� ����
�

�

�

�

�

��

τ�

� = ����

���� ���� ���� ���� ���� ���� ����
�

�

��

��

��

��

��

τ�

�
σ���

�σ
�τ�

PT
NP

� = -���

���� ���� ���� ����
�

�

��

��

��

��

τ�

� = -���



With “wrong” NP scaling
αs(MZ) = 0.11 , Ω1(RΔ, RΔ) = 0.4 GeV

L3 Collaboration (2011) Q = MZ
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Figure 6. Corrected inclusive event shape distributions at
√

s = 91.2 GeV for udsc-flavour data
samples for a = 0.0 (a), 0.25 (c), 0.5 (f), 0.75 (i). The distributions for a = 0.25 and 0.5 are compared
with predictions from the scaling hypothesis, while those for a = 0.0 and 0.75 are compared with
predictions from several QCD motivated Monte Carlo programs. The fractional differences for the
scaling hypothesis are shown for a = 0.25 (d), 0.5 (g) while the fractional differences with respect
to the Monte Carlo programs are shown for a = 0.0 (b), 0.25 (e), 0.5 (h), 0.75 (j). The data points
shown here are also tabulated in tables 8, 9, 10, 11.
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Figure 5. Corrected inclusive event shape distributions at
√

s = 91.2 GeV for udsc-flavour data
samples for a = −1.0 (a), −0.75 (d), −0.5 (g), −0.25 (j). These distributions are compared with
predictions from the scaling hypothesis. The fractional differences are shown for a = −1.0 (b),
−0.75 (e), −0.5 (h), −0.25 (k). Comparisons with predictions from several QCD motivated Monte
Carlo programs are shown as fractional differences for a = −1.0 (c), −0.75 (f), −0.5 (i), −0.25 (l).
The data points shown here are also tabulated in tables 4, 5, 6, 7.
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Dependence on fit window

cf. thrust 
(Abbate et al.)  
& C-parameter 
(Hoang et al.)


