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ABSTRACT
The main aim of this paper is to present new

sets of non-perturbative fragmentation functions
(FFs) for D0 and D+ mesons at next-to-leading
(NLO) and, for the first time, at next-to-next-to-
leading order (NNLO) in the MS factorization
scheme with five massless quark flavors. This
new determination of FFs is based on the QCD fit
to the OPAL experimental data for hadroproduc-
tion in the electron-positron single-inclusive anni-
hilation (SIA). We discuss in details the novel as-
pects of the methodology used in our analysis and
the validity of obtained FFs by comparing with
previous works in literature which have been car-
ried out up to NLO accuracy. We will also incor-
porate the effects of charmed meson mass correc-
tions into our QCD analysis and discuss the im-
provements upon inclusion of these effects. The
uncertainties in the extracted FFs as well as in
the corresponding observables are estimated us-
ing the “Hessian” approach. For a typical applica-
tion, we use our new FFs to make theoretical pre-
dictions for the energy distributions of charmed
mesons inclusively produced through the decay
of unpolarized top quarks, to be measured at the
CERN LHC. As a result of this analysis, sugges-
tions are discussed for possible future studies on
the current topic to consider any theory improve-
ments and other available experimental observ-
ables.
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4: Experimental data

5: Mass corrections
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THE APPLICATION OF FFS
1: Top quark decay

t→ b+W+(g)→W+ +D0/D+ +X,

2: The energy distribution of charmed mesons
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DISCUSS AND CONCLUSION
The uncertainties of extracted FFs and SIA

cross sections are also estimated using the stan-
dard ‘Hessian” approach. The determination of
uncertainty includes the error estimation for the
tolerance criterion of χ2 = 1. We judged the
quality of our fit by comparing with the prior re-
sult presented by the KKKS08 Collaboration and
also showed how they describe the available data
for charmed meson productions. Considering the
χ2 values, we have shown that the inclusions of
higher order QCD corrections and hadron mass
effects could slightly improve the fit quality.

As a typical application of extracted FFs, we
employed the NLO and NNLO FFs to make
our theoretical predictions for the scaled-energy
distributions of D0/D+-mesons inclusively pro-
duced in top quark decays.

To describe the novelty and innovation of our
work, it should be noted that this study intro-
duces the following improvements. It is one of
the first attempts to contain higher order QCD
corrections into the D0/D+ mesons FFs consider-
ing reliable data. The previous results, focused on
the D-mesons FFs, are unreliable due to using the
Belle data in their analyses. Our work also in-
cludes the effects of hadron mass corrections into
the FF analysis. Hence, the findings of this paper
could make several contributions to the current
literature. For future study, it would be interest-
ing to include other sources of experimental ob-
servables which carry more information on quark
and gluon FFs. Apart from the data, this study is
possible if other theoretica

DISCUSS AND CONCLUSION
In the present study, a new determination of

nonperturbative FFs for D0 and D+ mesons are
presented at NLO and, for the first time, at NNLO
in perturbative QCD considering the hadron mass
effects. Of all the available data sets for D0 and
D+ productions in e+e− annihilation, i.e. OPAL,
CLEO and Belle, theD0/D+-FFs are determined
by fitting the data taken by the OPAL Collabo-
ration at LEP, because the data from Belle is
now removed due to an unrecoverable error in
the measurements and including the CLEO data
sets in the analysis might be a reason for tension.


