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Event-shape variables

Event-shape variables V (p1, . . . , pn) are continuous measures of the
geometrical properties of hadron energy-momentum flow.

Thrust: longitudinal particle alignment

T ≡
1

Q
max
~nT

X

i

|~pi · ~nT |

Pencil-like event: T <
∼ 1 Planar event: T >

∼ 2/3
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Two-jet event shapes

Sensitive to QCD radiation ⇒ measure αs

Large non-perturbative contributions
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Two-jet event shapes

Sensitive to QCD radiation ⇒ measure αs

Large non-perturbative contributions

MC work very well ⇒ use MC
hadronisation

 0.01

 0.1

 1

 10

 100

 0.65  0.7  0.75  0.8  0.85  0.9  0.95  1

σ-1
dσ

/d
T

T

LO

NLO

Resummed

ALEPH

αs(MZ) = 0.1202± 0.0050

de
t.

 c
or

.

statistical uncertainty

ha
d.

 c
or

.
1/

σ 
dσ

/d
T

ALEPH   Ecm = 91.2 GeV

PYTHIA6.1

HERWIG6.1

ARIADNE4.1

data
with statistical ⊕ systematical errors

(d
at

a-
M

C
)/

da
ta

T

total uncertainty

0.5
0.75

1
1.25

1.5

0.5
0.75

1.0
1.25

10
-3

10
-2

10
-1

1

10

-0.5

-0.25

0.0

0.25

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

Andrea Banfi Three jet event shapes



Two-jet event shapes

Sensitive to QCD radiation ⇒ measure αs

Large non-perturbative contributions

MC work very well ⇒ use MC
hadronisation

1/Q power corrections
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1/Q corrections to two-jet event shapes

Consider Σ(V ) = Prob(V ({k}) < V ). In the region 〈V 〉NP Q � V Q � Q

Σ(V ) =

„

1 +
P (V )

V Q
+ . . .

«

| {z }

nonperturbative

× ΣPT(V )
| {z }

resummation

×C(αs) ' ΣPT(V − 〈V 〉NP) × C(αs)

For two-jet event shapes

V (k) '
kt

Q
fV (η) ⇒ 〈V 〉NP = 〈kt〉NP cV cV =

Z
∞

0

dη fV (η)

〈V 〉NP gives the power correction both to mean values and distributions

〈kt〉NP is observable independent and parameterised in terms of α0

〈kt〉NP =
4CF

π2
µIM α0(µI) α0(µI ) =

Z µI

0

dk

µI

αCMW
s (k)

M ' 1.49 is the Milan factor due to non-inclusiveness of event shapes

[Y. Dokshitzer, A. Lucenti, G. Marchesini, G. Salam hep-ph/9802381]
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Universality of power corrections to two-jet event shapes

Unversality of NP parameter α0 tested through αs-α0 fits

[S. Kluth hep-ex/0606046]
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From soft radiation to power corrections

In multi-jet events no natural definition of kt ⇒ PQCD inspiration

Soft dressed gluon emission from a qq̄ dipole

dw = 2CF

dkt

kt

dη
αCMW

s (kt)

π

k2
t =

(2pk)(2kp̄)

2pp̄
η =

1

2
ln

p̄k

pk

Soft dressed gluon emission from more dipoles

dw =
∑

i<j

(−2~Ti · ~Tj)
dκij

κij

dηij

αCMW
s (κij)

π

κ2
ij =

(2pik)(2kpj)

2pipj

ηij =
1

2
ln

pjk

pik

NP corrections are due to extra-soft inter-jet emissions
⇒ PC depend on event geometry and colour correlations
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Power corrections to multi-jet shapes

Two-jet event shapes ⇒ hadron distribution is uniform in η

Multi-jet event shapes ⇒ test PQCD-inspired power corrections

〈V 〉NP =
4

π2

µI

Q
M α0(µI)

∑

i<j

(−2~Ti · ~Tj) c
(ij)
V

α0 same as in two-jet event shapes ⇒ Universality

Dependence on the event geometry through c
(ij)
V

Dependence on colour correlations ~Ti · ~Tj
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Power corrections to three-jet shapes

Full phenomenological study feasible only for three-jet shapes

No matrix structure of colour correlations

~T1 + ~T2 + ~T3 = 0 ⇒ −2~Ti · ~Tj = T 2
i + T 2

j − T 2
k

No need to hack NLO programs to obtain flavour information

If V (k) has the same behaviour for all legs in the SC region

V (k) ∼

(

kt

Q

)a

e−b|η| ⇒ Σ(V ) ∼ e−(2CF +CA) αs
(a+b)π

ln2 V

Averaging over multiple hard configurations
〈(

1 + C1
αs

2π

)

Σ(V )
〉

=
(

1 + 〈C1〉
αs

2π

)

〈Σ(V )〉 + NNLL
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D-parameter and Tm in e+e− annihilation

TM

T

Thrust-minor: sum of the momenta out of the event plane (T, TM )
[AB, Y. Dokshitzer, G. Marchesini, G. Zanderighi hep-ph/0101205]

TmQ ≡
X

h

|~pth × ~nM | =
X

h

|pout
h | TM Q ≡ max

~nM ·~nT =0

X

i

|~pi · ~nM |

D-parameter: determinant of the momentum tensor θαβ

[AB, Y. Dokshitzer, G. Marchesini, G. Zanderighi hep-ph/0104162]

D ≡ 27 det θ ∼
X

h

(pout
h )2

EhQ
θαβ Q ≡

X

h

pα
hpβ

h

|~ph|
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Tests of power corrections for D and Tm

Select 3-jet events with y3 > ycut

Differential distributions obtained with CAESAR at Q = 91.2 GeV

[AB, G. Salam, G. Zanderighi hep-ph/0407286]
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Tests of power corrections for D and Tm

Select 3-jet events with y3 > ycut

Differential distributions obtained with CAESAR at Q = 91.2 GeV

[AB, G. Salam, G. Zanderighi hep-ph/0407286]
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Tests of power corrections for D and Tm

Select 3-jet events with y3 > ycut

Differential distributions obtained with CAESAR at Q = 91.2 GeV
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Tests of power corrections for D and Tm

Select 3-jet events with y3 > ycut

Differential distributions obtained with CAESAR at Q = 91.2 GeV

[AB, G. Salam, G. Zanderighi hep-ph/0407286]
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Kout and ET -ET correlation in DIS

Measurements in the Breit frame q = (0, 0, 0, Q)

[T. Kluge hep-ex/0606053]

Out of plane momentum Kout (with ηh < η0)
[AB,G. Marchesini,G. Smye,G. Zanderighi hep-ph/0111157]
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X

h

|~pth × ~nM |
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Transverse energy-energy correlation
[AB,G. Marchesini,G. Smye hep-ph/0203150]
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X
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Kout in hadronic Z0+jet production

1
p p

2

p
3

p
3

p
1

p
2

q

(q) (g)

q

Out-of-event-plane momentum Kout

[A. Banfi, G. Marchesini, G. Smye hep-ph/0106278]

Kout ≡
∑

h

|~pth × ~qt|

pjet
t

× Θ(|ηh| − η0) rapidity cut around beam pipe

Normalisation is defined so as cancel systematic uncertainties in
determination of jet transverse energy scale
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Kout and beam remnant interactions

Z0

beam remnant

jet

underlying event

proton proton

Extra contribution from underlying event ⇒ Kout = Kprimary
out + KUE

out

Σ(Kout) =

Z Kout

0

dKUE
outD

UE(KUE
out)ΣPT

“

Kout − 〈Kout〉NP − KUE
out

”

In case
˙
KUE

out

¸
� Kout we have

Σ(Kout) = ΣPT

“

Kout − 〈Kout〉NP −
D

KUE
out

E”

Kout can be used for tuning of MC models of underlying event
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Conclusions

Three-jet event shapes benefits

More stringent tests of universality of NP corrections

1/Q corrections depend on hard parton colour and geometry

e+e− annihilation (AB, G. Zanderighi)

Only ALEPH data for distributions are available

First NLO+NLL+PC fits are available for D-parameter

NLO+NLL+PC predictions available for Tm

DIS (AB, G. Zanderighi)

Work in progress to fit Kout H1 data (Thomas Kluge’s PhD thesis)

No progress for azimuthal correlation, man power needed (only AB)

Z0+jet (AB, G. Zanderighi, E. Re)

No data available yet, but interest at Tevatron and at the LHC

Started NLL+PC for Kout (Z0+jet to be implemented in CAESAR)

Global event shape: can be used to tune UE models
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