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What is this talk about? 
———————————————————————————————————————

Event shapes in  provides a perfect set-up to measure the strong coupling .


The existence of hadronization corrections stand in the way!


Event shapes are known to exhibit linear power corrections, in the form .


At  , the linear power corrections to event shapes can easily compete with NLO perturbative predictions.


The state-of-the-art NNLO PT predictions have limited scope without understanding power corrections.


Fits of  can not be pushed to higher accuracy without better understanding of power corrections.

e+e− → hadrons αs

ΛQCD/Q

Q = mZ

αs
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Figure 2: Selected data and fit results in the EEC (top) and jet rates (bottom) analyses.

µres. = xR ⇥Q scale and renormalization µren. = xL ⇥Q scale by a factor 2±1, see results in Fig. 3.
The corresponding estimations are labelled below as (’ren.’) for renormalization and as (’res.’) for
resummation scale variation.

The bias of hadronization model selection (’hadr.’) is studied with alternative setups for MC
hadronization corrections described above, i.e. from SC for the EEC analysis and HC for the jet
rates analysis.

Summary

For the central value of the final result for EEC (jet rates) analysis, we quote the results ob-
tained from the fits with SL (HL) hadronization model with uncertainties and estimations of biases
obtained as described above. The final result of the EEC analysis is

as(mZ) = 0.11750±0.00018 (exp.)±0.00102 (hadr.)±0.00257 (ren.)±0.00078 (res.),

and for the jet rates analysis it is

as(mZ) = 0.11881±0.00063 (exp.)±0.00101 (hadr.)±0.00045 (ren.)±0.00034 (res.).

Both results are in agreement with the latest world average as(mZ) = 0.1181±0.0011 [16].
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Outline 
———————————————————————————————————————

Renormalons and power corrections


The dispersive approach


Introduction to ARES


Our general framework


Recovering previous results


Set-up for a generic formulation  


New results 


Fitting 


Outlook

→ BT

→ TM

αs & α0
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Renormalons
———————————————————————————————————————

PT series in quantum field theory are factorially divergent.


Including more terms beyond the minimal term does not enhance the prediction.


Borel summation can be used to give meaning to the factorially divergent series.


Example:


The Borel sum is then defined as:

11

R(α) = K
∞

∑
n=0

an Γ(1 + b + n) αn+1 → B[R](t) = K
∞

∑
n=0

an Γ(1 + b + n)
tn

n!
= K

Γ(1 + b)
(1 − at)1+b

R̃(α) = ∫
∞

0
dt e−t/αB[R](t)

E.g. M. Beneke., 99’
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Renormalons
———————————————————————————————————————

Poles on the +ve real axis  Borel sum does not exist.


This takes place when the factorial series is non-sign-alternating  Renormalons.


Borel sum does not exist  Renormalon ambiguity.


Ambiguity is exponentially suppressed:


In QCD:

→

→

→

13

e−1/aα

⇒−
1

αs(Q)
= β0 ln

Λ2

Q2 ( Λ2

Q2 )
β0/a

E.g. M. Beneke., 99’



Dispersive model
———————————————————————————————————————

The dispersive model core assumption is to introduce an effective coupling which is finite in the deep IR.


 extends the running PT coupling  in the deep IR.


The non-analytic moments of the effective coupling play the role of NP parameters to be fitted from data.


Basic formula:

αeff αs

14

Y. Dokshitzer  et. al., 96’

F(Q2, v) = ∫
dμ2

μ2
αeff(μ2) ·ℱ(Q2, v, μ2)

Nason & Seymour, 95’ 
Y. Dokshitzer  et. al., 98’



ARES
———————————————————————————————————————

ARES is a direct semi-numerical approach to perform resummation. 


At NLL, all emissions are soft, collinear and emitted independently.


ARES generates soft & collinear emissions with a MC procedure.


At NNLL, ARES generates one special emission in regions of phase space of sub-leading logarithmic accuracy.


The treatment of power corrections in ARES will follow the same philosophy.

15

A. Banfi et. al., 04’ 
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Basic assumptions  
———————————————————————————————————————

The set-up is based on three basic assumptions:


1. Leading NP corrections are due to the emission of an ultra-soft gluon (gluer) with transverse momentum 


2. The ultra-soft gluon is emitted uniformly in rapidity and azimuth in the emitting dipole frame, similar to 
perturbative soft gluons.


3. The emission strength is dictated by an IR finite coupling.


≪ vpQ

16



Formulation 
———————————————————————————————————————

We consider a recursive IRC safe observable in the two-jet limit:


In this regime, the cumulative distribution can be computed as follows:

17

ΛQCD/Q ≪ v ≪ 1

Σ(v) = ΣPT(v) + δΣNP(v)
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Formulation 
———————————————————————————————————————

We consider a recursive IRC safe observable in the two-jet limit:


In this regime, the cumulative distribution can be computed as follows:

20

ΛQCD/Q ≪ v ≪ 1

Σ(v) = ΣPT(v) + δΣNP(v)

ΣPT(v) = ∫ dZ[{ki}] Θ(v − V({p̃}, {ki}))

δΣNP(v) = ∫ [dk] ℳ2
NP(k)∫ dZ[{ki}] [Θ(v − V({p̃}, k, {ki})) − Θ(v − V({p̃}, {ki}))]

Assumption 1



NP correction as a shift 
———————————————————————————————————————

The gluer’s contribution to the observable is much smaller than v

21

δΣNP(v) ≃ − ⟨δVNP⟩∫ dZ[{ki}] δ(v − V({p̃}, {ki}))



NP correction as a shift 
———————————————————————————————————————

The gluer’s contribution to the observable is much smaller than v

22

δΣNP(v) ≃ − ⟨δVNP⟩∫ dZ[{ki}] δ(v − V({p̃}, {ki})) dΣPT

dv



NP correction as a shift 
———————————————————————————————————————

The gluer’s contribution to the observable is much smaller than 


In this regime the NP correction appears as a shift!

v

23

δΣNP(v) ≃ − ⟨δVNP⟩∫ dZ[{ki}] δ(v − V({p̃}, {ki})) dΣPT

dv

Σ(v) ≃ ΣPT(v) − ⟨δVNP⟩
dΣPT

dv
≃ ΣPT(v − ⟨δVNP⟩)



NP correction as a shift 
———————————————————————————————————————

The gluer’s contribution to the observable is much smaller than 


In this regime the NP correction appears as a shift!


The shift parameter is an average over all perturbative configurations, viz.

v

24

δΣNP(v) ≃ − ⟨δVNP⟩∫ dZ[{ki}] δ(v − V({p̃}, {ki})) dΣPT

dv

Σ(v) ≃ ΣPT(v) − ⟨δVNP⟩
dΣPT

dv
≃ ΣPT(v − ⟨δVNP⟩)

⟨δVNP⟩ ≡
∫ [dk]ℳ2

NP(k) ∫ dZ[{ki}] δVNP({p̃}, k, {ki}) δ(v − V({p̃}, {ki}))
∫ dZ[{ki}] δ(v − V({p̃}, {ki}))



The gluer’s kinematics
———————————————————————————————————————

The emission strength of the gluer

25

[dk]ℳ2
NP(k) = ∑

ℓ

dκ
κ

M2
NP(κ) dη(ℓ) dϕ

2π
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The gluer’s kinematics
———————————————————————————————————————

The emission strength of the gluer:


The transverse momentum  and rapidity  are measured w.r.t the  dipole


The recoil of the final-state momenta is very important!

κ η(ℓ) qq̄

28

[dk]ℳ2
NP(k) = ∑

ℓ

dκ
κ

M2
NP(κ) dη(ℓ) dϕ

2π

Assumption 3 Assumption 2

κ2 ≡ 2
(p̃1k)(p̃2k)

(p̃1p̃2)



The gluer’s kinematics 
———————————————————————————————————————

Sudakov decomposition along the thrust axis:

29

k = z(1)p1 + z(2)p2 + k⊥



The gluer’s kinematics 
———————————————————————————————————————

Sudakov decomposition along the thrust axis:


The collinear singularity is encoded in  which coincides with the dipole  in the collinear limit


The relation between transverse momenta

κ(1) κ

30

k = z(1)p1 + z(2)p2 + k⊥

p̃1 ≠ p1

⃗κ (1) ≃ ⃗k t − z(1) ⃗p t,1 ⃗p t,1 = − ∑
i

⃗k ti



The gluer’s kinematics 
———————————————————————————————————————

Sudakov decomposition along the thrust axis:


The collinear singularity is encoded in  which coincides with the dipole  in the collinear limit


The relation between transverse momenta

κ(1) κ

31

k = z(1)p1 + z(2)p2 + k⊥

p̃1 ≠ p1

⃗κ (1) = ⃗k t − z(1) ⃗p t,1

Non-uniform scaling

⃗p t,1 = − ∑
i

⃗k ti



Observables 
——————————————————————————————————————-

We are interested in observables which are linear in κ

32

δVNP({p̃}, k, {ki}) =
κ
Q

hV(η(ℓ), ϕ, {p̃}, {ki})



Observables 
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We are interested in observables which are linear in κ

33

δVNP({p̃}, k, {ki}) =
κ
Q

hV(η(ℓ), ϕ, {p̃}, {ki})

⟨δVNP⟩ =
⟨κ⟩NP

Q
⟨hV⟩ ⟨κ⟩NP = ∫ dκ M2

NP(κ)



Observables 
——————————————————————————————————————-

We are interested in observables which are linear in κ

34

δVNP({p̃}, k, {ki}) =
κ
Q

hV(η(ℓ), ϕ, {p̃}, {ki})

⟨δVNP⟩ =
⟨κ⟩NP

Q
⟨hV⟩

⟨hV⟩ =
∑ℓ ∫ dη(ℓ) dϕ

2π ∫ d𝒵[{R′￼ℓi
, ki}] hV(η(ℓ), ϕ, {p̃}, {ki}) δ(1 −

Vsc{ki}
v )

∫ d𝒵[{R′￼ℓi
, ki}] δ(1 − Vsc{ki}

v )

⟨κ⟩NP = ∫ dκ M2
NP(κ)



Simple examples 
——————————————————————————————————————-

For observables which are recoil-insensitive we can find a simple relation

35

hV(η(ℓ), ϕ, {p̃}, {ki}) = hV(η(ℓ), ϕ)



Simple examples 
——————————————————————————————————————-

For observables which are recoil-insensitive we can find a simple relation


Two prominent examples

36

hV(η(ℓ), ϕ, {p̃}, {ki}) = hV(η(ℓ), ϕ)

Thrust 

C-parameter

e−η(ℓ)

3
cosh η(ℓ)

2

3π

Yu Dokshitzer & B. Webber, 95’



Somewhat simple 
——————————————————————————————————————-

The heavy-jet mass features the simplest example of the interplay between PT and NP dynamics

37

hρH
(η(1), ϕ, {p̃}, k1, …, kn) = Θ(ρ1 − ρ2) e−η(1), hρH

(η(2), ϕ, {p̃}, k1, …, kn) = Θ(ρ2 − ρ1) e−η(2)



Somewhat simple 
——————————————————————————————————————-

The heavy-jet mass features the simplest example of the interplay between PT and NP dynamics


The gluer only contributes to the observable when it is emitted in the heavier hemisphere.


The heavier hemisphere is controlled by PT emissions.

38

hρH
(η(1), ϕ, {p̃}, k1, …, kn) = Θ(ρ1 − ρ2) e−η(1), hρH

(η(2), ϕ, {p̃}, k1, …, kn) = Θ(ρ2 − ρ1) e−η(2)

⟨hρH
⟩ = 1
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hρH
(η(1), ϕ, {p̃}, k1, …, kn) = Θ(ρ1 − ρ2) e−η(1), hρH
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⟨hρH
⟩ = 1?



Wide broadening 
——————————————————————————————————————-

The wide broadening  is a recoil sensitive observable.


The gluer contributes to the hemisphere’s broadening as follows:

BW

40

2δBℓ({p̃}, k, {ki})Q = kt + ⃗p t,ℓ − ⃗k t − pt,ℓ

Yu Dokshitzer et. al., 98’



Wide broadening 
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The wide broadening  is a recoil sensitive observable.


The gluer contributes to the hemisphere’s broadening as follows:

BW

41

2δBℓ({p̃}, k, {ki})Q = kt + ⃗p t,ℓ − ⃗k t − pt,ℓ

Recoil due to PT emissions



Wide broadening 
——————————————————————————————————————-

The wide broadening  is a recoil sensitive observable.


The gluer contributes to the hemisphere’s broadening as follows:


Essential physics: the NP function  must be expressed in terms of the gluer’s phase space variables, 

BW

hV κ & η(ℓ)

42

2δBℓ({p̃}, k, {ki})Q = kt + ⃗p t,ℓ − ⃗k t − pt,ℓ

Recoil due to PT emissions

hBW
(η(1), ϕ, {p̃}, k1, …, kn) =

1
2

1 + 2eη(1) pt,1

Q
cos ϕ + e2η(1) ( pt,1

Q )
2

− eη(1) pt,1

Q
Θ(B1 − B2)



Wide broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute ⟨hBW
⟩

43

⟨hBW
⟩ =

1
2 (ln

1
BW

+ η(B)
0 ) + χW(R′￼)



Wide broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute ⟨hBW
⟩

44

⟨hBW
⟩ =

1
2 (ln

1
BW

+ η(B)
0 ) + χW(R′￼)

χW(R′￼) =
1

R′￼ℱBW
(R′￼)

ϵR′￼2R′￼
∞

∑
n=0

1
n!

n

∏
i=1

∑
ℓi=1,2

R′￼ℓi ∫
∞

ϵ

dζi

ζi ∫
2π

0

dϕi

2π [∫ ∏
ℓ

d2 ⃗x ℓ δ(2)( ⃗x ℓ + ∑
i∈ℋℓ

⃗ζ i)ln
1

2x1
Θ( ∑

i∈ℋ1

ζi + x1 − ∑
i∈ℋ2

ζi − x2) δ(1 − ∑
i∈ℋ1

ζi − x1)]



Wide broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute ⟨hBW
⟩
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Wide broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute ⟨hBW
⟩
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Wide broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute ⟨hBW
⟩
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Wide broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute 


Four transforms are needed!

⟨hBW
⟩
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Wide broadening: computation 
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All ingredients are present to compute 


Four transforms are needed!

⟨hBW
⟩
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Wide broadening: MC evaluation 
——————————————————————————————————————-

 can also be computed from a MC numerical procedure⟨hBW
⟩
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Total broadening 
——————————————————————————————————————-

The gluer contributes to the observable regardless of the PT configuration


Essential physics: the NP function  must be expressed in terms of the gluer’s phase space variables, 


The shift  receives contributions from the two hemispheres.

hV κ & η(ℓ)

⟨hBT
⟩
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Total broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute 


Only two transforms are needed!

⟨hBT
⟩
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Total broadening: computation 
——————————————————————————————————————-

All ingredients are present to compute 


Two transforms are needed!


Distinct behaviour in the limit  or 

⟨hBT
⟩

R′￼→ 0 BT → 1
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Total broadening: MC evaluation 
——————————————————————————————————————-

 can also be computed from a MC numerical procedure⟨hBT
⟩
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Dissecting the 1/  behaviour 
——————————————————————————————————————-

R′￼

This divergence is artificial.


It causes a limited fit range for  and the NP parameter.


The reason is simple: the gluer contributes to the broadening of an ‘empty’ hemisphere.

αs
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Treating the 1/  behaviour 
——————————————————————————————————————-

R′￼

This divergence is inevitable within our approximation.


It causes a limited fit range for  and the NP parameter.


The reason is simple: the gluer contributes to the broadening of an ‘empty’ hemisphere.


When , we can not ignore higher derivatives of the radiator 

αs

R′￼→ 0
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Yu Dokshitzer et. al., 98’



Subtraction procedure 
——————————————————————————————————————-

We present a subtraction procedure whereby a local counter-term is constructed to capture the  behaviour.


Like any generic subtraction procedure, we need:


The CT must be simple enough to be computed analytically.


It should capture the  behaviour of the shift, in such a way as to make a MC evaluation possible.


Different CT’s are indeed possible to construct.

1/R′￼

1/R′￼

57



The counter-term 
——————————————————————————————————————-

Let us dissect more closely the function  in the limit 


One hemisphere will contain a single emission, , which sets the total broadening of the event. 


The ‘empty’ hemisphere will contain PT emissions with , with 


Inspect our understanding:

⟨χT⟩ R′￼→ 0

k1

kt ≃ δBTQ δ ≪ 1
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The counter-term 
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Let us dissect more closely the function  in the limit 


One hemisphere will contain a single emission, , which sets the total broadening of the event. 


The ‘empty’ hemisphere will contain PT emissions with , with 


Inspect our understanding:

⟨χT⟩ R′￼→ 0

k1

kt ≃ δBTQ δ ≪ 1
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The counter-term 
——————————————————————————————————————-

Let us dissect more closely the function  in the limit 


One hemisphere will contain a single emission, , which sets the total broadening of the event. 


The ‘empty’ hemisphere will contain PT emissions with , with 


Inspect our understanding:

⟨χT⟩ R′￼→ 0

k1

kt ≃ δBTQ δ ≪ 1
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The counter-term 
——————————————————————————————————————-

We pick the emission with the maximum transverse momentum and employs it to set the observable.


The opposite hemisphere contains PT emissions and its broadening is constrained to be less than the hemisphere which 
contains the max  emission.kt
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The counter-term 
——————————————————————————————————————-

We pick the emission with the maximum transverse momentum and employs it to set the observable.


The opposite hemisphere contains PT emissions and its broadening is constrained to be less than the hemisphere which 
contains the max  emission.kt
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The counter-term 
——————————————————————————————————————-

We pick the emission with the maximum transverse momentum and employs it to set the observable.


The opposite hemisphere contains PT emissions and its broadening is constrained to be less than the hemisphere which 
contains the max  emission.


With the usual rescaling, we obtain:

kt
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The counter-term 
——————————————————————————————————————-

We pick the emission with the maximum transverse momentum and employs it to set the observable.


The opposite hemisphere contains PT emissions and its broadening is constrained to be less than the hemisphere which 
contains the max  emission.


With the usual rescaling, we obtain:

kt
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MC evaluation 
——————————————————————————————————————-

By construction the difference is finite in the limit R′￼→ 0
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Improved counter-term 
——————————————————————————————————————-

Computing the CT analytically is now possible.


Essential physics:


Include  in the integration measure.


Include a single hard-collinear emission in the PT ensemble.


From the point of view of PT resummation, we include effects beyond NNLL.

R′￼′￼& R(3)
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Improved counter-term 
——————————————————————————————————————-

The final expression is a bit unwieldy!
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Improved counter-term 
——————————————————————————————————————-

The final expression is a bit unwieldy!
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Improved counter-term 
——————————————————————————————————————-

The final expression is a bit unwieldy!
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The small  behaviour 
——————————————————————————————————————-

R′￼

We are now ready to write down our final expression:


The small-  expansion is equivalent to R′￼ s ≪ 1
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The small  behaviour 
——————————————————————————————————————-

R′￼

We are now ready to write down our final expression:


The small-  expansion is equivalent to 


Terms of  are beyond our accuracy.

R′￼ s ≪ 1

𝒪( αs)
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The large  behaviour 
——————————————————————————————————————-

R′￼

We are now ready to write down our final expression:


The small-  expansion is equivalent to 


The counter-term and its improved version cancel almost identically leaving out a residual  piece.

R′￼ s ≫ 1

𝒪(αs)
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New result:  
——————————————————————————————————————-

TM

With our formulation, we can perform the analysis for any complicated observable, e.g. thrust-major


Reminder:


In the presence of the gluer, the leading change in the observable:
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New result:  
——————————————————————————————————————-

TM

With our formulation, we can perform the analysis for any complicated observable, e.g. thrust-major
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Phenomenology 
——————————————————————————————————————-

ALEPH data:

76

6.2 Distributions

For the event-shape observables considered in section 3, we performed an NLL resummation using
the CAESAR program [46]. These NLL resummed distributions were then matched with fixed order
distributions at NLO, obtained from EVENT2, using the log-R scheme [67]. To the resummed,
matched distributions (NLL+NLO) we then apply the NP shifts that we have computed in sections 3
and 4.

The latest ALEPH QCD publication [35] provides experimental data covering centre-of-mass
energies between 91.2GeV and 209GeV, as well as the fit ranges that were employed for the
simultaneous fits for ↵s(mZ) and ↵0(2GeV) for each of the event-shape observables. As a test of
our method we have attempted to repeat these simultaneous fits. Where possible we have used
the same fit ranges, however for the C-parameter and jet broadenings it was necessary to slightly
reduce the upper bound of the fit ranges. It was noted in [35] that the fit ranges for all observables
have been selected in the central region of three-jet production.

Using our method, we obtained simultaneous fit values for ↵s and ↵0 for 1�T , C and BT that
are consistent with the one-sigma confidence level contours calculated by the ALEPH collaboration
[35]. For ⇢H and BW it was not possible to obtain reliable and consistent fit values for ↵s and ↵0.
⇢H and BW exhibit a known property whereby the resummed, matched distributions (NLL+NLO)
must be squeezed to smaller observable values to ensure that the non-perturbative shift is positive
over the whole fit region and thus enabling an accurate fit to experimental data. This requires a
significant reduction in the value of ↵s from the Particle Data Group’s world average value of 0.118
[1]. In addition, fit ranges in the central region of three-jet production cover a region where this
squeeze requirement is particularly pronounced for ⇢H and BW .

While the fit ranges in [35] have been selected in the central region of three-jet production, the
NP shifts are computed in the two-jet region. As a result we have performed a new simultaneous
fit for ↵s and ↵0 where we have extended the lower bound of the fit ranges in [35] to the two-jet
peak. This criterion has been used to determine appropriate fit ranges for the thrust major. The
fit ranges that we have used in this study are set out in Table 3. Using the experimental data in
[35] and the fit ranges detailed in Table 3 we have performed simultaneous fits for ↵s and ↵0 with
the result set out in Table 4.

Event Shape
1� T C ⇢H BW BT TM

91.2GeV 0.03 - 0.20 0.10 - 0.50 0.02 - 0.21 0.03 - 0.15 0.06 - 0.22 0.08 - 0.40
133GeV 0.02 - 0.20 0.08 - 0.50 0.02 - 0.25 0.03 - 0.20 0.05 - 0.30 0.08 - 0.40
161GeV 0.02 - 0.20 0.08 - 0.50 0.02 - 0.25 0.03 - 0.20 0.05 - 0.30 0.08 - 0.40
172GeV 0.02 - 0.20 0.08 - 0.50 0.02 - 0.25 0.03 - 0.20 0.05 - 0.30 0.08 - 0.40
183GeV 0.02 - 0.20 0.08 - 0.50 0.02 - 0.20 0.03 - 0.20 0.05 - 0.25 0.08 - 0.40
189GeV 0.02 - 0.16 0.08 - 0.50 0.02 - 0.16 0.03 - 0.20 0.05 - 0.20 0.08 - 0.40
200GeV 0.02 - 0.16 0.08 - 0.50 0.02 - 0.16 0.03 - 0.20 0.05 - 0.20 0.08 - 0.40
206GeV 0.02 - 0.16 0.08 - 0.50 0.02 - 0.16 0.03 - 0.20 0.05 - 0.20 0.08 - 0.40

Table 3: Fit ranges for the simultaneous fits for ↵s and ↵0 to ALEPH data from 91.2GeV to
206GeV for the distributions of event shape observables.

Using the results from Table 4 we have plotted the 95% CL contours for the event shape distributions
in Fig. 11 and the comparison between the resummed, matched distributions (NLO+NLL) with
↵s = 0.118, our fitted distributions (NLO+NLL and NLO+NLL+1/Q) using the results in Table 4
and experimental data at a centre-of-mass energy of 91.2GeV in Fig. 12.
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Event Shape ↵s(mZ) ↵0(2GeV) �
2
/d.o.f

1� T 0.1156± 0.0009 0.5020± 0.0102 54.9/(56� 2)

C 0.1110± 0.0006 0.5018± 0.0081 56.0/(69� 2)

⇢H 0.0839± 0.0006 0.8424± 0.0203 137.7/(61� 2)

BW 0.1010± 0.0018 0.7138± 0.0197 52.1/(61� 2)

BT 0.1120± 0.0009 0.6624± 0.0087 77.4/(72� 2)

TM 0.1031± 0.0011 0.5973± 0.0157 45.6/(51� 2)

Table 4: Results for the simultaneous fits for ↵s and ↵0 to experimental data for the distributions
of event shape observables.

Figure 11: 95% confidence level contours for the fitted values of ↵s and ↵0 to experimental data
for the distributions of event shape observables.

As for the 95% confidence level contours for the mean values, the 95% confidence level contours
for the distributions of each of the observables in Fig. 11 show a strong negative correlation between
the fitted values of ↵s and ↵0. However, we notice that the 95% confidence level contours for the
distributions lie noticeably further apart from one another than was the case for the mean values
in Fig. 9.

In Fig. 12 we observe that TM exhibits the same squeeze requirement as for ⇢H and BW . It is
clear therefore that an extension of our calculation to the three-jet region is particularly needed for
these observables. Nevertheless, we have still performed the simultaneous fits with these observables.
We find that this squeeze requirement leads to noticeably smaller fitted values of ↵s for ⇢H , BW and
TM than for T , C and BT . In particular, for TM we observe a fitted value of ↵s that is comparable
with that for BW and a fitted value of ↵0 located between that of BT and the grouping of C and
1� T . For ⇢H , this effect is even more pronounced with a 95% confidence level contour located far
away from that for BW and TM . As for h⇢Hi, this may also be due to the effect of hadron masses,
as discussed in [66], which we neglect in this preliminary study.
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Outlook 
———————————————————————————————————————

This work embodies our first attempt to improve the phenomenology of event shapes at LEP.


We have obtained  fits using the new result for thrust major, which lie in the ballpark of other variables.


Direction 1: extend our method to cover the central three-jet region.


Direction 2: explore other counter-terms, and quantify their impact on the performed fits.


Direction 3: apply our method to jet rates which play a paramount role in  determinations.

(αs(mZ), α0)

αs
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Linear power corrections 
———————————————————————————————————————

Modelling of hadronization corrections is usually performed using MC event generators


Compute the observable at both parton and hadron levels, and take the ratio.


One then apply this as a correction to the perturbative prediction.


The hadronization uncertainty is estimated by changing the MC generator.


If the perturbative prediction is NNLL accurate, hadronization uncertainty is twice as big as perturbative uncertainty.
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