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Detector simulation

In DELSIM, the full DELPHI simulation pro-
gram, signal gg(v) events were generated with
KK2F for the primary quarks that were then
fragmented with JETSET 7.4 Parton Shower

and hadronization program, with parameters
tuned to DELPHI data

Background events, dominated by WW and
Z Z processes, were generated with WPHACT
for the electroweak part, separately for WW
(charged currents) and ZZ (neutral currents),
to which then applied the PS and fragmenta-
tion as implemented in JETSET

The hadronic cross-section at 206 GeV is dom-
inated by radiative gg(+) events. ISR photons
are generally aligned along the beam and not
detected. In order to evaluate the hadronic
c.m. energy, v/, considering ISR, an algo-
rithm is used that is based on a constrained fit
method using four-momenta of jets and tak-
ing energy and momentum conservation into
account. To remove the radiative return to
the Z, it was required that v/s’/,/s > 0.9




Layout

The DELPHI detector at LEP has collected
164 pb~! of data from 203 up to 208 GeV or
at luminosity weighted average centre-of-mass
energy /s = 206 GeV.

The cross section at /s = 206 GeV is domi-
nated by radiative qg(v) events. Event selec-
tion used to remove the radiative return to the
Z and to reduce the background from WW
and ZZ events is discussed.

Distribution of the multiplicity of charged par-
ticles, their average multiplicity, (n.), and dis-
persion, D, and their evolution with the centre-
of-mass energy are discussed.

Average multiplicity in bb events, (Neh)yy, the
difference, d;, between (n.),, and the average
multiplicity, (n.),4., in generic light quark
events is presented.

Evolution of §,; with the centre-of-mass energy
allows to test the consistency of QCD predic-
tions. and of models assuming that multiplic-
ity accompanying the decay of a heavy quark
is independent of the mass of the quark itself.




Charged particle selection

p|GeV| 01 <p
Ap/p <1
o 20° < 6 £160°
track length > 30cm
Ay < 4cm
A < 10cm

Event selection

eThruﬂi 30° E 0 5 150°
Ew 2 20% Ecum
Vs >90% Ecm
N{:h 9 i"- Nch
Bx < 0.065

A, and A, are the distances to the interaction
point in r¢ plane and z axis

E,.; the total transverse energy carried by all

selected particles and Ecjs the nominal LEP
energy

v/ &' the reconstructed centre-of-mass energy,
as reduced by ISR radiation

By the narrow jet broadening
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Models and QCD predictions

In a model in which the hadronization is inde-
pendent of the mass of the quarks (Kisselev,
Petrov, Yushchenko, 1988), one assumes that
the non-leading multiplicity in an event, i.e.,
the light quark multiplicity which accompanies
the decay products of the primary hadrons, is
governed by the effective energy available to
the fragmentation system following the pro-
duction of the primary hadrons

In QCD, the large mass of the b quark, in
comparison to the scale of the strong inter-
action, A ~ 0.2 GeV, results in a natural cut
off for the emission of gluon bremsstrahlung.
For c.m. energy greatly exceeding the scale
of the b quark mass, the inclusive spectrum of
heavy quark production is expected to be well
described by perturbative QCD in MLLA. The
value of d§y; calculated in perturbative QCD:

S = 2{nF5* Yy — (nyg)(v/5 = €'/*my)
+ O(as(ms))(ng) (Vs = my)

(Schumm, Dokshitzer, Khoze, Koetke 1992)
(Petrov, Kisselev, 1995)



Results for charged multiplicity

The average charged particle multiplicity and
dispersion of the charged particle multiplicity
distribution, together with the peak position
of the §, distribution, in e*e~ annihilations at
206 GeV were measured as

(nsg,) = 28.03 £+ 0.22 + 0.27
3 N 8.97 +0.16 + 0.13
€ = 4.21 +0.04 + 0.02
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b- and uds-event selection

Two samples enriched in (1) b— events and
in (2) uds— events were selected from the b
tagging variable, representing the probability
that none of the tracks in the event comes from
a vertex separated from the primary one. A
third sample (3) consisted of all events.

Purities for b— and uds— events over the total
qq in samples (1) and (2) were approximately
91% and 83%. respectively.

The average multiplicity for a given flavour ¢
in each sample is equal to C) X (n)g, with
C!"” # 1 in general. The factors C" account
for biases introduced by the application of the
b probability and the jet broadening cuts, as
well as for detector effects. These factors and
the fractions of g-type quarks in the (i)-th
sample, f!", were determined from the sim-
ulation.



Average multiplicities

In each of the three samples, the average mul-
tiplicity (n) is a linear combination of the un-

knowns (n);; (n); and (n)e. One can thus
formulate a set of three simultaneous equa-
tions to compute these unknowns:

n)® = £ (n)s + FALCE (R + FPCH () e
<ﬂ>{2] EJC;EE}{ ) _|_f(2} {2]< } D fm)CE}(”}cﬁ
n)® = £ (n)ys + F M)+ £ (n) e

Solving the above equations gave the following
mean charge multiplicities:

(n),5(206 GeV) = 28.72 + 0.70
(n).:(206 GeV) = 36.32 + 3.08
(n),;(206 GeV) = 24.22 + 1.09

6,(206 GeV) = 4.50 + 1.05

with correlation coefficient of —0.38 between

(n); and (n);;. With the systematic errors
included, the final numbers are:
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(n),;(206 GeV) = 28.72 + 0.70 % 0.32
65(206 GeV) = 4.50 & 1.05 & 0.52




<n>, — <n>,

i

k2

R

T

T : -:‘S_\'J:"‘ T

S | T

A DELCO + Mark II + TPC
© TASSO
TOPAZ

"R <«

DELPHI 206 GeV

o
.-/-;-//_,‘//:z..
A
sy

QCD (MLLA with m,)
. Flavour independent

Mark IT + DELPHI + OPAL + SLD
DELPHI 183—200 GEV g | ¥

¥

40



Summary

The average charged particle multiplicity and
dispersion of the charged particle multiplicity
distribution, together with the peak position
of the §, distribution, were measured at the

highest c.m. energy in e*e~ annihilations at
206 GeV:

(nen) = 28.03 &+ 0.22 + 0.27
o Y 8.97 + 0.16 + 0.13
£ = 4.21 £0.04 £ 0.02

in agreement with the expected energy evolu-
tion predicted by QCD and KNO hypothesis

The difference between the average charged
particle multiplicity (n),; in ete~ — bb events
and the multiplicity in generic light quark | =
u, d, s events was measured at 206 GeV:

dpt = 4.50 + 1.05 + 0.52 (1)

This difference, when compared to equivalent
values at other c.m. energies, is in agreement
with QCD predictions, while it is inconsistent
with calculations assuming that the multipli-
city accompanying the decay of a heavy quark
is independent of the mass of the quark itself
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