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The hadronization of partons into hadrons cannot be calculated frenhpfinciples, but it is
usually described in terms of phenomenological models, containing fewnpsees which need to
be tuned to experimental data.

We shall propose a different approach to describe heavy quattipand charm) fragmenta-
tioninete  processes, based on a non-perturbative model [1, 2], includingmmrections via an
effective strong coupling constant, which does not exhibit the Landiu fyhe interesting feature
of such a model is that it does not contain any extra free parameter to bidditiee data, besides
the ones entering in the parton-level calculation (hgcp parameter, quark masses). In [3, 4], such
a model was also used in the frameworkBameson decays and it was found good agreement with
the experimental data allowing the extractionaf(mz) and the Cabibbo-Kobayashi-Maskawa
matrix elementV,p| from such decays.

We consider heavy-quark productionghe™ annihilation

e'e” — P(Q) — a(pqy)a(pg) (9(Pg)) ; 1)

in particularb- and c-quark production at LEP wher is a Z° boson andQ = ny, as well as
charm-quark fragmentation at th§4S) resonance, i.eQ = My4s) and thecc pair coming from
the decay of a virtual photoriP(= y*).

The perturbative fragmentation approach [5, 6], up to power corretiactorizes the energy
distribution of a heavy quark as the convolution of a coefficient functisepciated with the emis-
sion off a massless parton, and a perturbative fragmentation functipressing the transition of
the light parton into a heavy quark. The factorized heavy-quark spactads:

2% (xQmy) = Cx Q1) © DO e ). @
whereQ is the hard scale of the procesds the heavy-quark energy fraction= 2—5‘* andur ~Q
is the factorization scale.

The perturbative fragmentation function fulfills the DGLAP evolution equatiats value at
a any scalgur can be obtained once an initial conditioniat ~ my is given. In [1, 2] we have
used the coefficient function and the initial condition at next-to-leadingrqifdLO) and solved the
DGLAP equations with a NLO kernel, i.e. resumming up to next-to-leading (Mh&3s logarithms
(agIn™(uE/pge))

Both coefficient function and initial condition contain terms,1/(1— x); and ~ [In(1—
x)/(1—X)]+, enhanced wher approaches 1, which corresponds to soft- or collinear-gluon radi-
ation. One needs to resum such contributions to all orders to improve thelagive prediction
(threshold resummation). We have resummed these contribution to all ordernettito-next-to-
leading logarithmic (NNLL) approximation, following the general method of]7,

We now briefly discuss the phenomenological model which includes ndaorpative power
corrections through an effective QCD coupling [10, 3, 1]. We starbtstruct a general analytic
QCD coupling from the standard one, by means of an analyticity requiretheranalytic coupling
is defined to have the same discontinuity of the standard coupling in the time-gjierand no

10ne could go beyond such a level of accuracy and include NNLO aions to the coefficient function, initial
condition and to the non-singlet splitting functions .
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other singularity [9], at one loop it reads:

o, 1 1 N?
Q) =, liogiez/ng @2 ©

where/ = Aqcp and f3 is the first coefficient of the QCD beta functigi{as). The coupling
above has no Landau pole, which has been subtracted by a powecttmr while has the same
discontinuity of the standard one f@? < 0, related to gluon branching. The last term on the r.h.s.
of Eq. (3) produces a series of power corrections once it is expafode? > A2. Since heavy
quark fragmentation is a time-like process, we have also included the &bsqrarts of the gluon
polarization function into the effective coupling [1]: that amounts to a resuinomaf constant
terms to all orders. At one-loop for example one obtains for the analytic tireestikipling:

ds(k?) = Blo B — iarctan(bg(k;//\z)ﬂ . (4)

The prescription at the base of our model is to replace the standard Q@iingpwith the ana-
Iytic time-like coupling in the next-to-next-to-leading order resummed formulasuk stress that
even if our model does not contain any free parameter to be fitted to the ddtaws constructed
the model among different possibilities (e.g. different possible presamifdiothe low energy be-
haviour of the QCD coupling) with the goal of describing at best the éxygartal data. Anyway it
is highly not trivial that such a simple model, can describe in a good wayrrdifferent processes,
involving different hard scales, such Bslecays and bottom/charm fragmentation.

In Figs. 1 and 2 we compare the prediction of the model with experimentalrdata¥LEPH [11,
12], OPAL [13], SLD [14], CLEO [15] and BELLE [16].
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Figure 1: Results on bottom (left) and charm (right) hadron produrciisolid line) predicted with the
analytic coupling model compared with the parton level glatton (dashes) and with experimental data.
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Figure2: Moments of charmed-hadron cross section with the analgtipling model (“Theory”) compared
with the moments ob** production (left) andD® production. Theoretical errors are estimated by varying
the parameters entering in the perturbative calculafign flor, Mg andas(mz)).
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