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We discuss production of charmed mesons as well as elefitranes from semileptonic de-
cays of charm and bottom mesons in proton-proton collisairte LHC. The cross section for
inclusive production oftc and bb pairs is calculated in the framework of thke-factorization
approach. Here, the KMR and Jung CCFM unintegrated gludrnilaliion functions are used.
Theoretical uncertainties of the model related to the anoifcrenormalization and factorization
scales as well as due to the quark mass are also discussedhadifaization of charm and
bottom quarks is included within the fragmentation funetidechnique. Inclusive differential
distributions in transverse momentum of charmed mesonprasented and compared to recent
results of the ALICE collaboration. Furthermore, we alsasider production of differendD
pairs in unique kinematics of forward rapidities of the LH&periment. Kinematical correla-
tions in azimuthal angléys and invariant masklyg distributions are presented and compared
to LHCb data. Furthermore, the semileptonic decays of ctarthbottom mesons are done with
the help of decay functions found by fitting recent semileftalata obtained by the CLEO and
BABAR collaborations. Inclusive differential distribotis in transverse momentum of leptons
for several kinematical regions are presented and compgaregtent results of the ALICE and
CMS collaborations.
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1. Heavy quarks production within the k;-factorization approach

In the studies of heavy quark hadroproduction the main&figgually concentrate on inclusive
distributions. The transverse momentum distribution afroted mesons or heavy flavoured leptons
are the best examples. From the theoretical point of viesvirttproved schemes of standard NLO
collinear framework e.g. FONLL [1], are states of art in théspect. These approaches cannot
be, however, used when transverse momenta of outgoing quarkntiquark are not equal. This
means in practice that they cannot be used for studies aflation observables.

The k;-factorization is the approach which is very efficient indsés of kinematical correla-
tions and can be used to describe many high-energy procéssm®.g. Ref. [2] and references
therein). In this sense it is an alternative to standardreal-factorization approach. If one allows
for transverse momenta of incident partons the cross seftidhe production of heavy qua@®Q
pairs in proton-proton collisions can be written as:

do(pp—QQX) 1 /dzklt dzkztm
dy;dy-d?pyd2py 16728 7 1 Tor-QQ

x 8 (Kuu+ K — P — Pt ) Zaa, K, 12) P, kg 2). - (1.)

The main ingredients in the formula are off-shell matrixnedats forg*g* — QQ subprocess and
unintegrated gluon distributions (UGDF). The releventnimaiements are known and can be found
e.g. in Ref. [3]. The unintegrated gluon distributions awactions of longitudinal momentum
fraction x; or X, of gluon with respect to its parent nucleon and of gluon varse momenté;.
Some of them depend in addition on the factorization spale

Various UGDFs have been discussed in the literature (sedReind references therein). In
contrast to the collinear gluon distributions (PDFs) thiffigedconsiderably among themselves. One
may expect that they will lead to different production ranésEandepairs at the LHC. Since the
production of charm and bottom quarks is known to be doméhbiethe gluon-gluon fusion, the
heavy flavours production at the LHC can be used to verify thteglifferent models of UGDFs.
It has been shown in Ref. [2] that in the case of charm prodoait/s= 7 TeV and at forward
rapidities|y| > 3, one starts to probevalues smaller than 18. This is a new situation compared
to earlier measurements at RHIC or Tevatron. The unintedrgtuon distributions (UGDFs) as
well as standard collinear ones (PDFs) were not tested $o fais region.

2. Inclusive open char med mesons spectra

The hadronization of heavy quarks is usually done with tHp bE&fragmentation functions.
The inclusive distributions of open heavy mesons can bdraatahrough a convolution of inclu-
sive distributions of heavy quarks/antiquarks &he> M fragmentation functions:

do(pp— MMX) /1 d_zD (Z)da(pp — QQX)
dywd?py  Jo 2 M dyqd?prq Yo
Pt,Q=Pt.M/Z

; (2.1)

wherep g = p‘—;” andzis the fraction of longitudinal momentum of heavy quark ety meson.
We have made typical approximation assuming tkgis unchanged in the fragmentation process.
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As a default set in our calculations we use standard Petensolel of fragmentation function
[4] with the parameters. = 0.02 ande, = 0.001. These values are sligthly smaller than those
extracted by ZEUS and H1 analyses, however, they are censisith the fragmentation scheme
applied in the FONLL framework, where also rather hardercfiams (or smallefe’s) are used.
This issue together with effects of applying other fragragah functions from the literature is
carefully studied in Ref. [2]

Recently, the ALICE collaboration, has measured inclusigributions (mainly transverse
momentum distributions) of different charmed mesons [5].

In the left panel of Fig. 1 we show distribution of D° mesons calculated with different
UGDFs known from the literature. Most of the existing distitions fail to describe the ALICE
data. Only the KMR UGDF provides reasonably good descriptiothe measured distributions.

The right panel of Fig. 1 presents a comparison of the resfilise k;-factorization approach
with the KMR UGDF to those obtained within LO, NLO PM and FONframeworks. The cross
sections obtained within leading-order collinear appreation (LO PM) are much smaller, in par-
ticular for largerp;’'s. However, a good agreement between the rest of plottedbdisons can be
observed. The result of the KMR UGDF is consistent with théNIED predictions in a wide range
of transverse momenta. Only pts less than 3 GeV some differences appear. This is the region
when transverse momenta of incoming gluons play importaletand a detailed treatment of the
non-perturbative; region may lead to different behaviour of the cross sectiotisis regime.
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Figurel: InclusiveD meson transverse momentum distributons compared withltheAdata for different
UGDFs (left panel) and combined with the results of the nebir calculations (right panel). The shaded
uncertainty band corresponds to the uncertainties of @diptons due to factorization/renormalization scale
and those related with quark mass uncertainties.

3. Kinematical correlations of DD pairs

Most of the calculations in the literature concentratesingle meson distributions. We wish
to focus now on correlation observables rand D mesons. In order to calculate correlation
observables for two mesons we follow here, similar as in thgls meson case, the fragmentation
function technique for hadronization process, but now aidimensional distribution containing
all relevant kinematical informations about both quark antiquark is convoluted with respective
fragmentation functions simultaneously. As a result ofitadronization one obtains corresponding
two-meson multidimensional distribution.
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Figure 2: Invariant mass distribution of the°DO system (left) and distribution in relative azimuthal angle
betweerD® andDP for different UGDFs, compared with the LHCb data.

The LHCb collaboration presented also distribution in E&®° invariant mas#yoso [6]. In
the left panel of Fig. 2 we show the corresponding theoretésult for different UGDFs. Both, the
KMR and KMS UGDFs provide right shape of the distribution.eTdip at small invariant masses
is due to specific LHCb cuts on kinematical variables.

In turn, in the right panel of Fig. 2 we discuss distributionezimuthal angle between th¢
andD° mesonsPpope. Again the KMR and KMS distributions give quite reasonabdsatiption
of the shape of the measured distribution. Both of them, givenhancement of the cross section
at gop ~ 0. This is due to the fact that these approaches includetietgcgluon splitting con-
tribution, not included in the case of the Jung UGDFs. Howestdl even with the KMR UGDF,
one can observe some small missing strenght at small arigfeay suggest that within the KMR
model the gluon splitting contribution is not fully includle

In principle, we get good agreement with the LHCb data nog amthe shapes of the correla-
tion distributions but also when comparing integrated ssections (see Ref. [2]).

4. Semileptonic decays of D and B mesons

The differential cross sections for the so-called non-phiatleptons which come from semilep-
tonic decays of open charm and bottom mesons can be obtairsecdnvolution of the meson-level
cross sections with the semileptonic decay functions [7].

In principle the semileptonic decay functions can be calea, however, it involves extra
source of uncertainties and is not an easy task. In our apprea follow more pragmatic way and
we use decay functions which are fitted to recent semileprandB data. These functions after
renormalizing to experimental branching fractions aredusegenerate electrons/positrons in the
rest frame of the decaying andB mesons in a Monte Carlo approach.

In Fig. 3 we present the results of our calculations compsyede measured transverse mo-
mentum spectra of the leptons coming from the decay of op#torhanesons [8]. Two different
models of UGDFs which were previously tested at the mesesi-tre used. The ALICE and CMS
data are well described by the Jung setAiGDFSa which by chance coincides with the FONLL
predictions. The KMR UGDF in the case of bottom flavoured deptunderestimates the data
points.
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Thus, considering the ALICE summed lepton spectra [9] whiirm and bottom contributions
we combine the calculations by using the KMR UGDF for charmh &ung setA- for bottom cross
sections. Such recipe gives excelent description of the alatl provides better consistency than
FONLL at low leptonp;’s (see Fig. 4). This analysis shows that there is no uniqueetraf UGDFs
which correctly describes both charm and bottom crossmsecat the LHC.
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Figure 3: Transverse momentum distributions of leptons from sertolgip decays of bottom mesons
for ALICE (left) and CMS (right) obtained with different UGE and compared with results of
FONLL. The shaded uncertainty bands correspond to the taictes of our predictons due to factoriza-
tion/renormalization scale and those related with quarksna
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Figure 4. Transverse momentum distributions of leptons from sertoleip decays of charm and bottom
mesons with the ALICE data. The left panel shows separatel\charm and bottom components and the
right panel represents theoretical uncertainties of olaoutations.
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