JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN

-

‘Studies of QCD at LEPII I

Hasko Stenzel
University of Giessen

July 17, 2003
EPS HEP2003

LEP combination of ay
theoretical uncertainties
power corrections

inclusive charged particle production

N I [ O

fragmentation functions

Hasko Stenzel QCD at LEPII July 17, 2003



JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN

4 LIEP Clomlsimaiion of @

, ] [1 Observe the energy dependence of

o i as(Q) at LEP

’ * e j [1 Combination improves the statis-

016 I\ " LEPGretiminary) tical precision at LEPII

Coherent analysis technique for

as(Q) from event shapes

[] Consistent implementation of
theoretical prediction

[J Common assessment of theoreti-
cal uncertainties

ag(Ecy)
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Variables and data samples

Data samples:

Event-sh lables: i iati
vent-shape variables [0 Samples with radiative events

[1 Thrust T from L3

[ Heavy jet mass p = M3 /s 41.4 < /5 < 85.1 GeV

[1 Three-jet parameter — In y3 0 LEP1 E.. — My,

U Wide Jet broademng By [0 LEP2 various data samples, com-
g Total jet broadening Br bined to 7 nominal energies

C-Parameter C 133 < /s <206 GeV

In total 6 variables at 14 centre-of-mass energies yielding 194 individual
measurements of a,(Q)) are to be combined.
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- Combination method

The covariance matrix V(i94x194) 18 decomposed in four components

total __ stat. exp. had. theo.
Vig o=Vt Vg VT VG

Vgtat'uncorrelated between experiments and energies, correlation between
variables for the same experiment/energy is calculated with MC

V2 P uncorrelated between experiments, correlation between
variables /energies assessed by 'minimal overlap’
. : , 12
VP = [min(o7, 07%)]
Vz-};-ad correlation of hadronisation uncertainty between experiments reduced
. . h d . . .
(different generator tunings) Vi;* =0, # 4
V<o  correlation of theoretical uncertainties is large (=~ 90%), but difficult
to assess V5" =0, j # i

The combined value of as;(Myz) is obtained using a minimization procedure
> (VT
ij (V_l)jk

X (@) = Z (as—as) (V 1)ij (od—as) , &= Zwi i, Wi =

j
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Theoretical uncertainties

In a special procedure the hadronisation and perturbative uncertainties
are determined.

f ot Perturbati ncertainties:
Hadronisation: erturbative uncertainties

[1 The uncertainty band method is
applied

e The combination is carried out
separately for each of the gen-

erators PYTHIA, HERWIG and [ p scale variation 1/2 <z, <2

ARIADNE. [J Rescaling of resummed logs
e The hadronisation uncertainty 2/3 < L < 3/2 .

(generator difference) is fit to a [1 Test with two matching schemes

1/Q form [J Kinematic constraint y,,q, vari-
e The RMS of the fitted difference ation

is quoted as error. [0 Test with two modification

schemes
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The uncertainty band method

0-3,“‘\““\““\““\““\“““““‘
o5 || CParameter ag=0.12 [I Uncertainty evaluated centrally
' i —— referencetheory for a2+ Aag .
0.2 E total uncertainty of distribution for the Comblned Vahle Of as
: ety [1 The largest uncertainties

matching scheme uncertainty

0.15 |

(up/down) are kept in the

8
5
O
B
)
:
"lq—) L
o1t | L .
5 b = uncertainty band
2 005 | : :
B [ The uncertainty of ay is calcu-
?8'/ 0 E ....................................................................................... E lated With a reference theory
5 o | ] .
3% [ The reference theory is requested
g L1 msificiondey e urcrtaity to lie within the uncertainty band
= ey - X, -scale uncertainty .
g-015 . consrant uncestanty [1 In a more conservative approach
£ 02 — the reference theory can be fit to
i typical fit range .
025 | the uncertainty envelope or the
_03: \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘V:‘ i range Ofo Caln be enlarged
0O 01 02 03 04 05 06 07 08 09 1

C
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4 LEP combined results

Preliminary combined LEP result:

015 - | LEP (preliminary)
30| as(Mz) = 0.1202 +0.0003¢a¢
® o014 N\ | —— QCDNNLO - :|:0.0009exp Z|20-0009had
I \ | XNy = 13.8/13 1 :|:0-0047pert
013 ; | ) uncorrelated error ;
ol The alternative conservative uncer-
ot tainty estimates yield
7 Apert = £0.0053
011 - using a larger range of z;, or a fit to
the error envelope.
01 - .

| ‘ I ‘ - ‘ I ‘ L ‘ - ‘ I ‘ - ‘ - ‘ L
40 60 80 100 120 140 160 180 200
Ecn [GeV]
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LEP results combined by energy and variable

206 GeV I—:r--o—l—| i
200 GeV iF T it .
189 GeV i M, : et
183 GeV o—i il
172 GeV ° C = e
161 GeV [ } ° 5
133 GeV o T ) i i -
91 GeV C .- | 1
i Bw B o[
LEP 2 : :j; i
LEP 1 - + Yo3 FE |
Radiative } ot i
ith ALL i T
| ALL| | | | | | : | | W | L | ' ' ' ' | ' ' ' ' I : : : |
0.1 0.11 0.12 0.13 0.1 0.11 0.12 0.13
aMy) a (M)

Results by groups of energies:

RMS of different variables = 0.0016,
maximum spread = 0.0046.

radiative: as(Mz) = 0.1215 £+ 0.0064
LEP1: as(Mz) = 0.1200 + 0.0050

LEP2: a,(Mz) = 0.1201 4 0.0047 Good agreement with the combined
perturbative uncertainty of +0.0047.

\
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Non-perturbative effects in event-shape variables are
scaling with powers of 1/@). The Dokshitzer-Webber 1 M deor, (K)
model parametrise the infrared behaviour of the cou- @0 = wr Jo s
pling below a matching scale u; by its mean.
% [ L L B L L L IO B “‘E
: \ :
-g 1 E
R E
< y - - < ypert = —l_ < ypower = 10 O(@d) +NLLA |
Ypower — Cy - P (040)/ Q i gﬁzgitiﬁ:ﬁﬁm
Dy(y) = Dpert(y—cy-Plw)) T B o 05 o705
l_lo ! I [T I |
[l Additive correction to the mean S
[J Shift of the distributions 5t E
[J B-dependent shift for the broadenings ol ]
[ A radiator correction for EEC ]
10 -Zo‘ 005 01 015 02 025 03 BT0.35\
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/Power corrections to mean values and distributions

o
3

Observable (arbitrarily nor malized)

* DELPHI - TASSO

L3 » PLUTO

+JADE +CELLO —f +f

> TOPAZ ° MARKII pow " “pert
«AMY +HRS foert
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Results for o, and ag

o 1
oo DELPHI
>
[}
o k
N
;&'75 -
| DELPH] ol
Q%
.65 L
— 68% CL o6 L
e 1T : %s
= C-para , %
4 BSJm F
55 v Bmax |
° Mpign
o Mhigh (E scheme) 0.4
a Mhigh (p scheme)
| @1T
[ /\C-Parameter
0.2 *+Mh2/Evisz
*MhEZ/Evisz
| DMSZIEVIS2
L M L2E, 2
AB_
I OBmax
““““““““““““
0.09 0.1 0.11 0.12 0.13 0.14

From mean values: From distributions:
as(Mz) = 0.1207 + .0048 £+ .0026 as(Mz) = 0.1078 + .0005 £+ .0013
a0(2GeV) = 0.468 +0.080 + 0.008 ag(2GeV) = 0.546 +0.005 £+ 0.022
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Inclusive charged particle production

Study of color coherence and interference phenomena through particle
production by multiple gluon radiation.

[1 Mean charged particle multiplicity

[0 Multiplicity difference light /heavy quarks

[ Charged particle momentum spectrum ¢ = —Inz,
[1 Evolution of peak position £*

[1 Fragmentation functions

Comparison to QCD generators, analytic MLLA calculations and DGLAP
evolution.
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Mean charged particle multiplicity

Energy evolution of < N >

Description by QCD generators
Predictions of MLLA+LPHD

b
< Nep, >= Krpuap - as(Q)” - eVes(Q)
Higher order corrections 3NLO
Flavour composition corrections

QCD at LEPII
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Multiplicity difference oy = N2 (Q) — N%5(Q)

Energy evolution of

— I L L L B BN AL I B BN
[l MlﬂtlpllCIty in bb-events is reduced L DELCOMarkIITPC @ DELPHI e OPAL E
- - O TASSO A SLD
by ’dead cone’ effect CE L Tomaz o Markl .
. qe . d o ]
0 Decay multiplicity N, ~“*'5.5 £ 0.2 ot 5
. 6
[0 MLLA predicts dp1 =~ const. 7 Ll
. . . 4 X pa) —7
[1 Naive incoherent model predicts de- T - ! i
c g c c 2 - ? 7
creasing ) with increasing energy : } :
. 0 7
[1 Combined result: dp; = 3.05 +0.19 : QCD MLLA :
-2 - KX QCD upper limit =
i Naive Model
4 7 -—  Average measurement g
-6 Lo 1y | e b b by b b by | !

20 40 60 80 100 120 140 160 180 200 220

Vs (GeV)
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(3 param.)

Scaled momentum distribution

Three predictions for the spectrum of ¢ = —Inz,, 2, = p/Pbeam
[1 Gaussian HE approximation

- 15
. o, o 8 i
[0 Limiting spectrum (2 param) 52 1
[0 Distorted Gaussian, Fong-Webber 075 |
(3 param) 05
. . . 8 E
[1 Good description of the peak region L E
[0 Used to determine the peak position S 6 £
o) r
o F —r - T 1T E 5 ; E
55 8 o OPAL 202 Gev 4 ; E
_80 7 F o OPAL 133GeV 3 ; 777777 .
) F e OPAL 91 GeV r o
= 6:— o TOPAZ 58 GeV 2 E “‘ 777777 limiting spectrum
i s TASSO44GeV & 1 T %data "
57 s TASSO35Gev 1% 8 0 e With statsics Cxpeamtion rrors.
s TASO 2GS T o ooty | T ‘
4 7 A TASSO 14 GeV ,.. _%S 0.25 e S S e S | N
3t A o 00
[ =
€025 [ S
< .05
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@ Evolution of peak position &*
4.25 |- T
v,
The peak position is determined from 275 [
a fit to the & spectra. :
35 | O TASSO

[1 MLLA evolution prediction 325 | v ToPAZ |

0 e =Y (1 +E- &) | DV
Y = ln Q/2A m L3

[1 Fit includes flavour corrections o CELPHI

L] AMLLA = 21548 MerOI"]’Lf =9 25t = OPAL ,

225 QCDMLLA +LPHD n=5 .
XN oe=41.2/37

2’”\””\” \ el b e e L]
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Fragmentation functions D(z,Q?) are ex-
tracted from the scaled-energy distributions.
Scaling violations The energy evolution of FF’s
are observed by measuring xg distributions at
different Fcp,.

0 Parametrisation D} (z, Q3) = N;(1—xz)*z®

[ Cross section

lde — [1 &5 Cy(2,Q1)D}(3/2 Q)

o dx
[ DG;LLAP; evolution
dD(z,Q7) o 1 . o s
dln Q2 _ﬁszm Pif(zaas)Df(w/z,Q )7

[0 Global fits to various ete™ data carried out
by three different groups
1. Kniehl, Kramer and Potter (KKP)
2. Kretzer (K)

(BFGW)

Hasko Stenzel
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3. Bourhis, Fontannaz, Guillet and Werlen

Fragmentation functions

206 GeV
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Scaling violations in fragmentation functions

e : ‘ —
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g 3%,-0225 O] +
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[z o &
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i . . S
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E Exp .550
7 } ] 08 ]
| R } i
] i ]
10 _15 ixp:o.mo 0.7 + —— KKP M
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Global fit by OPAL: ALEPH ratio 206/91 GeV:

B good description of data at
as(Mz) =0.113 £ 0.005 4+ 0.007 central = by global fits
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Conclusions

[l Preliminary combined LEP measurement
as(Mz) = 0.1202 + 0.0048

[1 New method for theoretical uncertainties o
[l Extended tests of power corrections

[ Inclusive charged particle distributions overall in good agree-
ment with QCD generators and MLLA predictions

[1 Fragmentation functions measured and scaling violations
observed over a large range of energies
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