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Semi-inclusive observables:
Event Shapes, Jet Rates




General Structure of the cross-

section

In NLO:
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Calculable for so-called "infrared and collinear safe"
variables,

Cancellation of singularities in the radiative corrections
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Examples: Jet Rates, Thrust, C-Parameter, ....



Perturbative Predictions

In the 2 jet region it is necessary to re-sum all
logarithms of the type o " (In x)°", o."(In x)"

A better prediction combines the NLO with the
re-summed predictions

E_g' Ino(x)=Lg (a,L)+ g,(a L)
- (G11L+G12 Lz)_af (Gzsz +Gzz Lj)
+a A(x) + a’(B(x)- A(x)/2) L =-Inx

uncertainties: matching schemes, modifications &
renormalization scales — LEP QCD Working Group



Experimental Procedure

Calculate perturbative predictions )

Calculate the hadronization corrections using Monte
Carlo (JETSET, HERWIG, ARIADNE)

Measure the distributions from data

Correct to the hadron level accounting for acceptance,
resolution, ISR etc. (" Detector corrections’) sy

Observables studied : Thrust. M, C B, . B_.Iny,. ..
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Many measurements
at LEPI & LEPII

For example:

OPAL at



Another example :

ALEPH preliminary, E_,, =206 GeV

Bz TR Gy [T Measurements using
foasp ettt 4 F . Data from 2000
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Uncertainties:

« 0.0022 stat |

. Experi. - 0.0028 > 0.0017 model dep. ‘ o caleulate acceptunce i

. 0.0016 matching
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0.0001 quark masses



LEP QCD Working Group

Ensure best combination of event shape results
Comparable exptl. systematic estimation

Common theory understanding — generally good
agreement between experiments after ambiguities
in definitions of “modified’ etc

Common treatment of scale uncertainties

Common understanding of modification schemes
and kinematic limits



Effect of modification scheme

Fractional change In R{y) when contraint applled
Ol + NLLA LogiR) matching
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previously
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Hadronization uncertainties

* Hadronization difterences between models
and experiments large — need for more
understanding

 Common definition of hadron level not yet
in place (neutrinos included? Before weak
decays?)
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Power Corrections

* Alternative method for calculation of non-
perturbative corrections to the perturbative
predictions of the moments of event shapes and
their momenfs dhebutons

* Makes the measured / less “model-dependent”,
through the introduction of a new
phenomenological parameter



L....‘, r T
"w i A
10 18] e. T *
o %o " Tt
"#i - :‘4:: R $ 1 .
Iﬂlﬁ‘vl 3. 4 v J ! I l
T ™T—a 5 q |
- ‘i.*t'* i * r T?
n - L *
T P e .
U .
" -
2l Ty 1 1 |
R iy
A M |
a . - [
10|° ® e -.T
R e
.i"“!. :s an, :‘ o "
sty - “"l* i
1[lsl-. ,““ii, . 45.“13‘14.&
. i S— &
- . - _ - -
. . —_— "
[ - ™ * - " *
0° " . S
- " “ a = t
; o o * L T * i v ’
I'ﬂ4 n‘a‘. - . ! w .
L — e .
[ i 4 e ——a
? . e, ° LR
2 L L a
I.ﬂ - . .‘: « s [ - e o
* - - ¥ L3 " [ R 4 &
’ = - - ' [
|t e Ty
L . 1 —
0 0.1 0.2 0.3

l/o do/d(1-T)

Recent analysis

=)

OF AL 18 Ged
LY LE9 Ged

O AL LB Goed
DELIHI 1B} Ced
L} LES Geh

OF Al 172 Gedy
DELPHI 172 Ged

2 LMITI Ged

4 » B % =&

O AL L6l Ged
CELPHI L6l Ged
Ly lél Ged

OF AL LA Ged
ALEPH L3} Ged
DELMHI L33 Goed
L3 L3 Ger

O DAL 91 Goed

ALEFH 91 fen

 DELPHI %L Geb

4 = @ & =

L39L Coen
AU D 9L Ged
AMY 55 Goed
JADE 44 oM
LASSO & Ge
JADE 3% Gen
LASSO M et

o MAHRKI I Ged
Y HRS 29 Geh

L]

TASSO 12 Get
TASSO 1406t

e S. Kluth
MoriondO1

hep-ex/0104016

Determination of
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e colour factors
* Transverse cross-section

uses power corrections



Results of Kluth analysis

Mean values
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Comments on power corrections

Continuous theoretical and experimental
developments

confronting predictions with data essential
— Nice example 1s broadening!

Universality of o, tested at 20% level

Still needing more detailed study:
— Effect of hadron masses
— Resonance decays

— Importance of 1/Q" corrections Vn as postulated by
Sterman et al.




DELPHI fixed-order, fit for scale
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Another indication of important NNLO contributions...



Four-jet observables

e The use of variables
that start at O(a?)
should have reduced
higher order effects

e Evidence from

scale dependence etc
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How to study a large range in energies?
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L3

qqy analysis
vs = 91.2 GeV
s = 133 GeV
Vs =161 GeV
Vs =172 GeV
—— QCD Evolution
....... Constant o

Osr]e «

f * The L3 approach:

— select events with

energetic initial state
photon (ISR)

— measure event shapes
of the reduced mass
hadronic system
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Scaling Violations in fragmentation functions

* Inclusive hadron spectra
* Shape is non-perturbative

* but pert. QCD gives the energy
dependence
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* Parameterize the shape at one
energy and measure o from a
fit to the energy evolution
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Event Shapes

R
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Summary
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Several measurements
preliminary

Mean value is very stable

Estimate of the error we leave
to PDG, Bethke,
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Conclusions

* Each LEP (I and II) has made important

contributions in measuring ., and the current &
precision

* Inrecent years : new phenomenological
developments (power corrections) which could

— Make the measured o, independent of the MC model
— Tell us about the non-perturbative physics (maybe!)

* Hopes for the future...

— LEP data will remain accessible for many years
— because NNLO calculations are on the horizon..}



