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Energy correlator in  colliderse+e−
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Energy correlator in  colliderse+e−
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arxiv: 1804.09146

Widely measured
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arxiv: 1804.09146
Experiments:    collisions 

CM energy :   14 - 91.2 GeV 

Theory:   NNLO + NNLL 

Hadronization model: HERWIG and SHERPA 

Extraction range:   

(lack of collinear region) 

 

Dominant uncertainty : Hadronization&Theory

e+e−

60∘ − 160∘

αS(MZ) = 0.11750 ± 0.00287(comb.)

Previous  extraction using Energy correlatorsαS

https://arxiv.org/abs/1804.09146
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Previous  extractions using event shape observableαS
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PDG2023

0.1173 ± 0.0009

lowest sensitivity

0.1181 ± 0.0011

0.1161 ± 0.0014

0.1189 ± 0.0017

0.1168 ± 0.0014

0.1203 ± 0.0016

Distinct phase space:

• sensitive to soft and collinear physics

Limitation:

Significant theory uncertainty:

• high uncertainty due to resummation


Substantial hadronization uncertainty:

• Large hadronization correction 

https://inspirehep.net/literature/2106994
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 extraction using E3C/E2C in CMS experimentαS
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E3C =
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=
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Benefit of taking ratio


• Exp sys:  ~ 8% => ~ 3%  

• Hadronization factors: ~5-35% => ~2%

2402.13864

Jet substructure

Collinear region

https://arxiv.org/abs/2402.13864


Zhejiang University Extracting strong coupling constant with energy correlates at CEPC  / 17        CEPC workshop, Oct 26 7

E3C =
dσ[3]

dxL
=

n

∑
i,j,k

∫ dσ
EiEjEk

E3
δ(xL − max(ΔRi,j, ΔRi,k, ΔRj,k))

 (13 TeV)-136.3 fbCMS

1−10

1.2

1.3

1.4

1.5

1.6

1−10
0.98

1
1.02

1−10
0.98

1
1.02

1−10
0.98

1
1.02

1−10
0.98

1
1.02

Lx

E3
C

 / 
E2

C

) = 0.118
Z

m(s
α

R
atio to 

Data +NPapproxNNLL )Zm(sα
0.136
0.100: 97-220 GeV jet

T
p

: 330-468 GeV jet
T
p

: 638-846 GeV jet
T
p

: 1101-1410 GeV jet
T
p

 αs(mZ) = 0.1229+0.0040
−0.0050

 = 0.1229+0.0014(stat.)+0.0030(theo.)+0.0023(exp.)
−0.0012(stat.)−0.0033(theo.)−0.0036(exp.)

Covariance 
matrix

QCD scale of 
 NNLLapprox

Neutral hadron 
energy scale

major source

Uncertainty ~ 4%, 

most precise from jet-substructure to date

 extraction using E3C/E2C in CMS experimentαS
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Experiments:    collisions 

CM energy :   91.2 GeV 

Theory:   NLO + NNLL 

range:    (  )

e+e−

6∘ − 60∘ xL = [0.003 − 0.25]

Sufficient statistic 

Never been used for  extractionαS(mZ)

Theory Prediction

Phase space: 2307.07510

https://arxiv.org/abs/2307.07510
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Theory Prediction

, Slope  αS(mZ) ↑ ↑

∝ αS(Q)ln xL + O(α2
s )

Theory uncertainty:

•3% in scale  

•Flat shape

Expected low theory uncertainty

E3C/E2C at  collisions: Theoretical predictione+e−
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Hadronization correction

 : Analytical model (2405.19396)


PYTHIA: lund string model

HERWIG: cluster model 

ΩNominal:

Variation:

Taking ratio

Hadronization correction  
Hadronization uncertainty 

↓
↓

E3C/E2C at  collisions: Hadronization correctione+e−

https://arxiv.org/abs/2405.19396
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Detector Effect

Energy resolution:

ECAL: 

HCAL: 

16 % / E
50 % / E

Delphes simulation using CEPC setting 


Space resolution:

Charged particle: 0.1mrad (E>10GeV)

E3C/E2C at  collisions: Detector effecte+e−

Scale: Reduced from ~10% to ~2%

Shape: From steep to flat

Taking ratio

Associated exp. uncertainty will also reduced
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Expected sensitivity of  extraction using  toolαS χ2

12

χ2 (αs, ⃗θ) = ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ))
T

V−1
data ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ)) + ∑

i

θ2
i .

: Theory prediction for different ⃗vth αs(mZ)
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χ2 (αs, ⃗θ) = ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ))
T

V−1
data ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ)) + ∑

i

θ2
i .

: Nuisance parameter to considered theory uncertainty and hadronization uncertainty⃗θ

Theoretical and hadronization uncertainty

Expected sensitivity of  extraction using  toolαS χ2
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χ2 (αs, ⃗θ) = ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ))
T

V−1
data ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ)) + ∑

i

θ2
i .

Correlation matrix derived from PYTHIA

: Covariance matrix derived from pseudo dataVdata

Expected sensitivity of  extraction using  toolαS χ2



Zhejiang University Extracting strong coupling constant with energy correlates at CEPC  / 17        CEPC workshop, Oct 26 15

χ2 (αs, ⃗θ) = ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ))
T

V−1
data ( ⃗vth ( ⃗θ, αs) − ⃗vdata( ⃗θ)) + ∑

i

θ2
i .

 = 40  (similar to the data used in arxiv: 1804.09146)ℒ pb−1

χ2

Stat :  +0.000134 -0.000135

Theo :  +0.000534 -0.000594 
Hadron. PYTHIA/ :  +0.002300 -0.001670

Hadron. HERWIG/  :  +0.000797 -0.000819

Combined :  +0.002496 -0.001958

Ω
Ω



arxiv: 1804.09146
αS(MZ) = 0.11750 ± 0.00287(comb.)

More sensitive than using EEC alone for extraction

Expected sensitivity of  extraction using  toolαS χ2

https://arxiv.org/abs/1804.09146
https://arxiv.org/abs/1804.09146
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Expected sensitivity of  extractionαS
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↵ = 15 1�1

↵ = 40>1�1

PDG 2023 ave.
-0.02 -0.01 0 0.01 0.02

-0.02 -0.01 0 0.01 0.02

Comb. Unc.
Stat. Unc.

Hadron. PYTHIA/⌦ Hadron. HERWIG/⌦
Theo. Unc.

Relative Unc. Of US (;Z)
2% for  (1 minute)


0.4% for 1  (0.5 hours)
40pb−1

fb−1
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Summary
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- E3C/E2C in collinear region at  colliders has substantial advantages: 

- Never been explored before 

- Reduced theoretical uncertainty in  extraction 

- Reduced hadronization effects 

- Minimal dependence on detector response 

- Precision can reached: 

- 2% precision under (1 minute collection in CEPC)  

- 0.4% precision under (0.5 hours collection in CEPC) 

e+e−

αS

40pb−1

1fb−1


