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Abstract
The pT -differential inclusive production cross section of the prompt charm-strange
meson D+
s in the
√
rapidity range |y| < 0.5 was measured in proton–proton collisions at s = 7 TeV at the LHC using
the ALICE detector. The analysis was performed on a data sample of 2.98 × 108 events collected with
a minimum-bias trigger. The corresponding integrated luminosity is Lint = 4.8 nb−1 . Reconstructing
+
− +
±
the decay D+
s → φ π , with φ → K K , and its charge conjugate, about 480 Ds mesons were
counted, after selection cuts, in the transverse momentum range 2 < pT < 12 GeV/c. The results are
compared with predictions from models based on perturbative QCD. The ratios of the cross sections
of four D meson species (namely D0 , D+ , D∗+ and D+
s ) were determined both as a function of pT
and integrated over pT after extrapolating to full pT range, together with the strangeness suppression
factor in charm fragmentation. The obtained values are found to be compatible within uncertainties
with those measured by other experiments in e+ e− , ep and pp interactions at various centre-of-mass
energies.

∗ See

Appendix A for the list of collaboration members
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Introduction

The measurement of open charm production in proton–proton (pp) collisions at the Large Hadron Collider (LHC) provides a way to test predictions of quantum chromodynamics (QCD) at the highest available collision energies. Charm and beauty production cross sections can be computed in perturbative
QCD (pQCD) using the factorization approach [1, 2]. In this scheme, cross sections are computed as a
convolution of three terms: the parton distribution functions of the incoming protons, the partonic hard
scattering cross section, and the fragmentation process. The partonic hard scattering cross section is
computed through a perturbative calculation [1, 2], while the parton distribution functions and the fragmentation process are parametrized on experimental data. In particular, the fragmentation describes the
non-perturbative transition of a charm quark to a hadron. It is modeled by a fragmentation function,
which parametrizes the fraction of quark energy transferred to the produced hadron, and by the fragmentation fractions, f (c → D), which describe the probability of a charm quark to hadronize into a particular
hadron species.
√
The production of prompt D0 , D+ and D∗+ mesons in pp collisions at s = 7 TeV was measured with the
ALICE detector at two centre-of-mass energies, namely 7 and 2.76 TeV [3,4]. Here, ‘prompt’ indicates D
mesons produced at the pp interaction point, either directly in the hadronization of the charm quark or in
strong decays of excited charm resonances. The contribution from weak decays of beauty mesons, which
give rise to feed-down D mesons displaced from the interaction vertex, was subtracted. The measured pT differential cross sections for prompt D0 , D+ and D∗+ are described within uncertainties by theoretical
predictions based on pQCD at next-to-leading order (e.g. in the general-mass variable-flavour-number
scheme, GM-VFNS [6]) or at fixed order with next-to-leading-log resummation (FONLL [5]). The
central value of the GM-VFNS predictions for these three mesons lies systematically above the data. On
the other hand, the data tend to be higher than the central value of the FONLL predictions, as it was
observed at lower collision energies, namely at the Tevatron [7, 8], where hadronic decays of D mesons
were reconstructed, and at RHIC, where measurements of electrons from semileptonic D and B decays
were performed [9, 10].
Heavy flavour production in hadronic collisions can be calculated also in the framework of kT -factorization with unintegrated gluon distributions (UGDFs) to account for the transverse momenta of the initial
partons [11–14]. Calculations of inclusive production cross section of D mesons based on this approach
in the leading order (LO) approximation were recently published for LHC energy and compared to
experimental results [15, 16].
The measurement of the pT -differential prompt D+
s meson production is of particular interest due to its
strange valence quark content. The D+
production
cross section in hadronic collisions was measured at
s
lower energies at the Tevatron collider in the transverse momentum (pT ) range 8 < pT < 12 GeV/c [7].
Preliminary results for D+
s production at the LHC were reported by the LHCb Collaboration for prompt
mesons at forward rapidity [17] and by the ATLAS Collaboration at central rapidity [18]. The LHCb
−
Collaboration also measured the asymmetry between prompt D+
s and Ds production in the rapidity
region 2 < y < 4.5 and for transverse momenta pT > 2 GeV/c, observing a small excess of D−
s mesons:
+
−
+
−
AP = (σ (Ds ) − σ (Ds ))/(σ (Ds ) + σ (Ds )) = (−0.33 ± 0.22 ± 0.10)% [19]. Such a particle-antiparticle
production asymmetry is understood in phenomenological models as due to the effect of the beam
remnants on the heavy-quark hadronization, see e.g. [20].
Charm production has been measured in ep interactions at the HERA collider by the ZEUS [21] and
H1 [22] Collaborations, as well as in e+ e− annihilations, at the Z0 resonance, by the ALEPH [23],
DELPHI [24] and OPAL [25] Collaborations, and at centre-of-mass energies of about 10 GeV by the
CLEO [26] and ARGUS [27] Collaborations.
As far as theoretical models are concerned, a calculation of the D+
s production cross section within
the FONLL framework is not available, because of the poor knowledge of the parton fragmentation
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function. The measured data points can be compared with the GM-VFNS prediction that uses meson
specific fragmentation functions [28].
From the differential production cross section of prompt D0 , D+ , D∗+ and D+
s mesons, the relative
production yields of the D meson species can be studied as a function of transverse momentum. A pT
dependence is expected for these ratios, due to differences in the fragmentation function of the charm
quark in the four considered meson species, and because of the different contributions from decays of
higher excited states. In this sense, the measurement of the ratios between the D meson species can
provide information on the fragmentation functions that can be used in the pQCD models based on the
factorization approach. The suppression of strange meson production in the charm fragmentation is
quantified by the strangeness suppression factor, γs , which is computed from the measured D0 , D+ and
D+
s cross sections extrapolated to full pT range, as defined in Section 6. The values measured at the LHC
can be compared with those measured for different energies and different colliding systems [29].
Furthermore, the measurement of D+
s in pp collisions provides a reference for the studies of charm
production in heavy-ion collisions. According to QCD calculations on the lattice, under the conditions
of high energy-density and temperature that are reached in these collisions, the confinement of quarks
and gluons into hadrons vanishes and a transition to a Quark-Gluon Plasma (QGP) occurs [30]. Charm
hadrons are a powerful tool to study the properties of the QCD medium created in these collisions [31–
33]. In particular, the D+
s meson is sensitive to strangeness production in heavy-ion collisions. Strange
quarks are abundant in the QGP, resulting in an enhanced production of strange particles with respect
to pp collisions [34–37]. Hence, at low momentum, the relative yield of D+
s mesons with respect
to non-strange charm mesons (such as D0 and D+ ) is predicted to be enhanced in nucleus-nucleus
collisions [38–40], if the dominant mechanism for D meson formation at low/intermediate momenta
is in-medium hadronization of charm quarks via coalescence with strange quarks [41–43].
√
In this paper, we report on the measurement of D+
s production cross section in pp collisions at s = 7 TeV
with the ALICE detector at the LHC. D+
s mesons were reconstructed through their hadronic decay chan+
+
nel Ds → φ π with a subsequent decay φ → K− K+ . The pT -differential cross section is measured over
a range of transverse momentum extending from 2 GeV/c up to 12 GeV/c at central rapidity, |y| < 0.5.
In Section 2, the detector layout and the data sample are described. This is followed, in Section 3, by
the description of the D+
s meson reconstruction strategy, the selection cuts, and the raw yield extraction
from the invariant mass distributions. The various corrections applied to obtain the production cross sections are illustrated in Section 4. This also includes the estimation of the fraction of promptly produced
D+
s mesons. The various sources of systematic uncertainties are discussed in detail in Section 5. The
results on the pT -differential cross section compared with pQCD theoretical predictions, the D meson
production ratios, and the strangeness suppression factor are presented in Section 6.

2 Detector layout and data collection
The ALICE detector is described in detail in [44]. It is composed of a central barrel, a forward muon
spectrometer, and a set of forward detectors for triggering and event characterization. The detectors of
the central barrel are located inside a large solenoid magnet that provides a magnetic field B = 0.5 T,
parallel to the beam line.
D+
s mesons, and their charge conjugates, were reconstructed in the central rapidity region from their
decays into three charged hadrons (K− K+ π + ), utilizing the tracking, vertexing and particle identification
capabilities of the central barrel detectors.
The trajectories of the decay particles were reconstructed from their hits in the Inner Tracking System
(ITS) and in the Time Projection Chamber (TPC) detectors in the pseudo-rapidity range |η | < 0.8. The
ITS [45] consists of six cylindrical layers of silicon detectors with radii in the range between 3.9 cm
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and 43.0 cm. The two innermost layers are equipped with Silicon Pixel Detectors (SPD), Silicon Drift
Detectors (SDD) are used in the two intermediate layers, while the two outermost layers are composed
of double-sided Silicon Strip Detectors (SSD). The ITS, thanks to the high spatial resolution of the
reconstructed hits, the low material budget (on average 7.7% of a radiation length for tracks at η = 0),
and the small distance of the innermost layer from the beam vacuum tube, provides the capability to
detect the secondary vertices originating from heavy flavour decays. For this purpose, a key role is
played by the two layers of SPD detectors, which are located at radial positions of 3.9 and 7.6 cm from
the beam line and cover the pseudo-rapidity ranges |η | < 2.0 and |η | < 1.4, respectively. The TPC [46]
provides track reconstruction with up to 159 space points per track in a cylindrical active volume of about
90 m3 . The active volume has an inner radius of about 85 cm, an outer radius of about 250 cm, and an
overall length along the beam direction of 500 cm.
Particle identification (PID) is provided by the measurement of the specific ionization energy loss, dE/dx,
in the TPC and of the flight time in the time-of-flight (TOF) detector. The dE/dx samples measured by
the TPC are reduced, by means of a truncated mean, to a Gaussian distribution with a resolution of
σdE/dx /(dE/dx) ≈ 5.5% [46]. The TOF detector is positioned at 370–399 cm from the beam axis and
covers the full azimuth for the pseudo-rapidity range |η | < 0.9. The particle identification is based
on the difference between the measured time-of-flight and its expected value, computed for each mass
hypothesis from the track momentum and length. The overall resolution on this difference is about
160 ps and it includes the detector intrinsic resolution, the contribution from the electronics and the
calibration, the uncertainty on the start time of the event (i.e. the time of the collision), and the tracking
and momentum resolution. The start time of the event is defined as the weighted average between the one
estimated using the particle arrival times at the TOF [47] and the one measured by the T0 detector. The
T0 detector is composed of two arrays of Cherenkov counters located on either side of the interaction
point at +350 cm and −70 cm from the nominal vertex position along the beam-line. In this analysis,
the time-of-flight measurement provides kaon/pion separation up to a momentum of about 1.5 GeV/c.
The data sample used for the analysis consists of 298 million minimum-bias (MB) pp collisions at
√
s = 7 TeV, corresponding to an integrated luminosity Lint = 4.8 nb−1 , collected during the 2010
LHC run period. The minimum-bias trigger was based on the information of the SPD and the VZERO
detectors. The VZERO detector is composed of two arrays of scintillator tiles with full azimuthal
coverage in the pseudo-rapidity regions 2.8 < η < 5.1 and −3.7 < η < −1.7. Minimum-bias collisions
were triggered by requiring at least one hit in either of the VZERO counters or in the SPD (|η | < 2),
in coincidence with the arrival of proton bunches from both directions. This trigger was estimated to
be sensitive to about 87% of the pp inelastic cross section [48, 49]. It was verified by means of Monte
Carlo simulations based on the PYTHIA 6.4.21 event generator [50] (with Perugia-0 tune [51]) that
the minimum-bias trigger is 100% efficient for events containing D mesons with pT > 1 GeV/c and
|y| < 0.5 [3]. Events were further selected offline to remove the contamination from beam-induced
background using the timing information from the VZERO and the correlation between the number of
hits and track segments (tracklets) in the SPD detector.
During the pp run, the luminosity in the ALICE experiment was limited to 0.6–1.2 × 1029 cm−2 s−1 by
displacing the beams in the transverse plane by 3.8 times the r.m.s. of their transverse profile, thus keeping
the probability of collision pile-up below 4% per triggered event. The luminous region, measured from
the distribution of the reconstructed interaction vertices, had an r.m.s. width of about 4–6 cm along the
beam direction and 35–50 µ m in the transverse plane (the quoted ranges originate from the variations
of the beam conditions during the data taking). Only events with a vertex found within ±10 cm from
the centre of the detector along the beam line were used for the analysis. This requirement selects
a region where the vertex reconstruction efficiency is independent of its position along the beam line
and it provides almost uniform acceptance for particles within the pseudo-rapidity range |η | < 0.8 for all
events in the analyzed sample. Pile-up events were identified by the presence of more than one interaction
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vertex reconstructed by matching hits in the two SPD layers (tracklets). An event was rejected from the
analyzed data sample if a second interaction vertex was found, it had at least 3 associated tracklets, and
it was separated from the first one by more than 8 mm. The remaining undetected pile-up is negligible
for the analysis described in this paper.

3 D+
s meson reconstruction and selection
+
+
D+
s mesons and their antiparticles were reconstructed in the decay chain Ds → φ π (and its charge
−
+
+
conjugate) followed by φ → K K . The branching ratio (BR) of the chain Ds → φ π + → K− K+ π + is
2.28 ± 0.12% [52]. It should be noted that other D+
s meson decay channels can give rise to the same
∗0 +
+
−
+
+
+
K K π final state. Among them, those with larger BR are D+
s → K K and Ds → f0 (980)π , with
BR into the K− K+ π + final state of 2.63 ± 0.13% and 1.16 ± 0.32%, respectively. However, as it will
be discussed in the following, the selection efficiency for these decay modes is strongly suppressed by
the cuts applied to select the signal candidates 1 , and therefore the measured yield is dominated by the
+
− + +
D+
s → φ π → K K π decays.

D+
s mesons have a mean proper decay length cτ = 150 ± 2 µ m [52], which makes it possible to resolve
their decay vertex from the interaction (primary) vertex. The analysis strategy for the extraction of
the signal from the large combinatorial background can therefore be based on the reconstruction and
selection of secondary vertex topologies with significant separation from the primary vertex.

D+
s meson candidates were defined from triplets of tracks with proper charge sign combination. Tracks
were selected requiring |η | < 0.8, pT > 0.4 GeV/c, a minimum of 70 associated space points in the
TPC, χ 2 /ndf < 2 for the track momentum fit in the TPC, and at least 2 associated hits in the ITS, out of
which at least one has to be in either of the two SPD layers. For tracks that satisfy these TPC and ITS
selection criteria, the transverse momentum resolution is better than 1% at pT = 1 GeV/c and about 2%
at pT = 10 GeV/c. The resolution on the track impact parameter (i.e. the distance of closest approach
of the track to the primary interaction vertex) in the bending plane (rφ ) is better than 75 µ m for pT > 1
GeV/c, well reproduced in Monte Carlo simulations [3].
For each D+
s candidate, in order to have an unbiased estimate of the interaction vertex, the event primary
vertex was recalculated from the reconstructed tracks after excluding the candidate decay tracks. The
secondary vertex was reconstructed from the decay tracks with the same algorithm used to compute the
primary vertex [3]. The position resolution on the D+
s decay vertices was estimated via Monte Carlo
simulations to be of the order of 100 µ m for each of the three coordinates with little dependence on pT .
The resolution on the position of the primary vertex depends on the event multiplicity: for the transverse
coordinates, where the information on the position and spread of the luminous region is used to constrain
the vertex fit, it ranges from 40 µ m in low-multiplicity events to about 10 µ m in events with 40 charged
particles per unit of rapidity.
Candidates were then filtered by applying kinematical and topological cuts together with particle identification criteria. With the track selection described above, the acceptance in rapidity for D mesons
> 0.5 at low p and |y| > 0.8 at p > 5 GeV/c. A p -dependent fiducial
drops steeply to zero for |y| ∼
∼
T∼
T
T
acceptance cut was therefore applied on the D meson rapidity, |y| < yfid (pT ), where pT is the D+
s transverse momentum. The cut value, yfid (pT ), increases from 0.5 to 0.8 in the transverse momentum range
0 < pT < 5 GeV/c according to a second-order polynomial function and it takes a constant value of 0.8
for pT > 5 GeV/c.
The topological selections were tuned to have a large statistical significance of the signal, while keeping
1

To reduce the combinatorial background, a selection exploiting the mass of the intermediate resonant state was applied.
∗0
Since the width of the φ peak is narrower than those of the K and the f0 (980), the decay channel through the φ resonance,
being the one that provides the best discrimination between signal and background, was used in the analysis.
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Table 1: Measured raw yields (N Ds raw ), signal (S) over background (B) and statistical significance ( S/ S + B )
for D+
s and their antiparticles in the four considered pT intervals. The estimation of the systematic uncertainty on
the raw yield is described in Section 5.

pT interval
(GeV/c)
2–4
4–6
6–8
8–12

±

N Ds

raw

± stat. ± syst.

125±36±25
190±35±28
79±19±12
85±16±17

S/B (3σ )

Significance (3σ )

0.12
0.26
0.40
0.58

3.6
6.3
4.8
5.6

the selection efficiency as high as possible. It was also checked that background fluctuations were not
causing a distortion in the signal line shape by verifying that the D+
s meson mass and its resolution were
in agreement with the Particle Data Group (PDG) value (1.969 GeV/c2 [52]) and the simulation results,
respectively. The resulting cut values depend on the transverse momentum of the candidate.
The candidates were selected according to the decay length and the cosine of the pointing angle, θpointing ,
which is the angle between the reconstructed D meson momentum and the line connecting the primary
and secondary vertex. The three tracks composing the candidate triplet were required to have small
distance to the reconstructed decay vertex. In addition, D+
s candidates were selected by requiring that
one of the two pairs of opposite-charged tracks has an invariant mass compatible with the PDG world
average for the φ mass (1.019 GeV/c2 [52]). To further suppress the combinatorial background, the
angles θ ∗ (π ) and θ ′ (K) were exploited. θ ∗ (π ) is the angle between the pion in the KKπ rest frame
and the KKπ flight line, which is defined by the positions of the primary and secondary vertices in the
laboratory frame. θ ′ (K) is the angle between one of the kaons and the pion in the KK rest frame. The
cut values used for the D+
s mesons with 2 < pT < 4 GeV/c were: decay length larger than 350 µ m,
inv
cosθpointing > 0.94, |MK+ K− − MφPDG | < 8 MeV/c2 , cos θ ∗ (π ) < 0.95, and | cos3 θ ′ (K)| > 0.1. A looser
selection was applied at higher pT due to the lower combinatorial background, resulting in a selection
efficiency that increases with increasing pT .
Particle identification selections, based on the specific energy loss, dE/dx, from the TPC and the timeof-flight from the TOF detector, were used to obtain further reduction of the background. Compatibility
cuts were applied to the difference between the measured signals and those expected for a pion or a
kaon. A track was considered compatible with the kaon or pion hypothesis if both its dE/dx and timeof-flight were within 3σ from the expected values, with at least one of them within 2σ . Tracks without
a TOF signal were identified using only the TPC information and requiring a 2σ compatibility with
the expected dE/dx. Candidate triplets were required to have two tracks compatible with the kaon
hypothesis and one with the pion hypothesis. In addition, since the decay particle with opposite charge
sign has to be a kaon, a triplet was rejected if the opposite-sign track was not compatible with the kaon
hypothesis. This particle identification strategy preserves more than 90% of the D+
s signal and provides a
peak
by
a
factor
of
10
in
the lowest pT interval
reduction of the combinatorial background under the D+
s
(2 < pT < 4 GeV/c), a factor of 5 in 4 < pT < 6 GeV/c and a factor of 2 at higher transverse momenta.
For each candidate, two values of invariant mass can be computed, corresponding to the two possible
assignments of the kaon and pion mass to the two same-sign tracks. Signal candidates with wrong mass
assignment to the same-sign tracks would give rise to a contribution to the invariant mass distributions
that could potentially introduce a bias in the measured raw yield of D+
s mesons. It was verified, both in
data and in simulations, that this contribution is reduced to a negligible level by the particle identification
selection and by the requirement that the invariant mass of the two tracks identified as kaons is compatible
with the φ PDG mass.
The raw signal yields were extracted by fitting the invariant mass distributions in each pT interval as
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Figure 1: Invariant mass distributions for D+
s candidates and charge conjugates in the four considered pT intervals.
The fit functions described in the text are also shown. The values of mean (µ ) and width (σ ) of the signal peak are
reported together with the signal counts (S) integrated in ±3σ around the centroid of the Gaussian.

shown in Fig. 1. The fitting function consists of a sum of a Gaussian and an exponential function to
describe the signal and the background, respectively. For all pT intervals, the invariant mass range
inv < 2.16 GeV/c2 , chosen in order to exclude the region where the
used for the fit was 1.88 < MKK
π
background shape is affected by D+ → K− K+ π + decays (BR=0.265% [52]) that give rise to a bump at
the D+ invariant mass (1.870 GeV/c2 [52]). The mean values of the Gaussian functions in all transverse
momentum intervals were found to be compatible within the uncertainties with the PDG world average
for the D+
s mass. The Gaussian widths are well reproduced in Monte Carlo simulations. The raw
±
yield N Ds raw (sum of particles and antiparticles) was defined as the integral of the Gaussian. The
±
values of N Ds raw are reported in Table 1 for the different√pT intervals, together with the signal-overbackground (S/B) ratios and the statistical significance, S/ S + B. For the latter two quantities, signal
(S) and background (B) were evaluated by integrating the fit functions in ±3σ around the centroid of the
Gaussian.

4 Corrections
In order to obtain the pT -differential cross section for prompt (i.e. not coming from weak decays
D±
s raw )
of beauty mesons) D±
s mesons, the raw yields obtained from the invariant mass analysis (N
were corrected for the experimental acceptance, the reconstruction and selection efficiency, and for the
contribution to the D+
s measured yield from B meson decay feed-down. The production cross section of

1

Acceptance × Efficiency

Acceptance × Efficiency

D+
s meson production at central rapidity in proton–proton collisions at

pp, s = 7 TeV

10-1

10-2

1

+

Feed-down Ds
-3

10

10-2
10-3
10-4
Prompt Ds
Ds→ φ π
Ds→ φ π, No PID

2

10-6

*0

Ds→ K K
*0
Ds→ K K, No PID

-7

10

10
4

6

8

10
12
pT (GeV/c)

7

pp, s = 7 TeV

+

Prompt Ds, No PID

s = 7 TeV

-1

10-5

+

Prompt Ds

√

2

3

4

5

6

7

8

9 10 11 12
pT (GeV/c)

+
Figure 2: Acceptance × efficiency for D+
s mesons as a function of pT , for prompt and feed-down Ds mesons (left
∗0
panel) and decays through φ and K intermediate resonant state (right panel).

prompt D+
s mesons was computed as:
±

fprompt · N Ds

+
dσ Ds

dpT

|y|<0.5

raw

1 1
|y|<yfid
.
=
2 ∆y ∆pT (Acc × ε )prompt · BR · Lint

(1)

where ∆pT is the width of the pT interval, ∆y (= 2 yfid (pT )) is the width of the fiducial rapidity coverage
(see Section 3) and BR is the decay branching ratio (2.28% [52]). The factor fprompt is the prompt
fraction of the raw yield; (Acc × ε )prompt is the acceptance times efficiency of promptly produced D+
s
mesons. The efficiency ε accounts for vertex reconstruction, track reconstruction and selection, and for
D+
s candidate selection with the topological and particle identification criteria described in Section 3.
−
The factor 1/2 accounts for the fact that the measured raw yields are the sum of D+
s and Ds , while the
cross section is given for particles only, neglecting the small particle-antiparticle production asymmetry
observed by LHCb [19]. The integrated luminosity, Lint = 4.8 nb−1 , was computed from the number
of analyzed events and the cross section of pp collisions passing the minimum-bias trigger condition
defined in Section 2, σpp,MB = 62.2 mb [49, 53]. The value of σpp,MB was derived from a van der Meer
scan [54] measurement, which has an uncertainty of 3.5%, mainly due to the uncertainties on the beam
intensities.
The acceptance and efficiency correction factors were determined using pp collisions simulated with the
PYTHIA 6.4.21 event generator [50] with the Perugia-0 tune [51]. Only events containing D mesons
were transported through the apparatus (using the GEANT3 transport code [55]) and reconstructed. The
luminous region distribution and the conditions (active channels, gain, noise level, and alignment) of all
the ALICE detectors were included in the simulations, considering also their evolution with time during
the 2010 LHC run.
+
− + +
The acceptance-times-efficiency for D+
s → φ π → K K π decays in the fiducial rapidity range described in Section 3 are shown in the left panel Fig. 2 for prompt and feed-down D+
s mesons. The
acceptance-times-efficiency for the prompt mesons increases from about 1% in the lowest considered pT
interval up to 10–15% at high pT . For D+
s mesons from B decays, the efficiency is larger by a factor
1.5–2 (depending on pT ) because the decay vertices of the feed-down D mesons are more displaced from
the primary vertex and, therefore, they are more efficiently selected by the topological cuts. The difference between the prompt and feed-down efficiencies decreases with increasing pT , because the applied
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selections are looser in the higher transverse momentum intervals. The acceptance-times-efficiency for
prompt D+
s mesons obtained without applying the particle identification selection is also shown to single out the PID contribution to the overall efficiency. The used particle identification strategy preserves
more than 90% of the signal and does not show any significant dependence on D+
s meson pT in the range
considered in this analysis.
− + +
As discussed in Section 3, the decay of the D+
s meson into the K K π final state occurs via different
intermediate resonant states. The selection strategy used in this analysis requires that one of the
opposite-sign pairs of tracks composing the candidate triplet has an invariant mass compatible with the
+
− + +
φ meson. The decays D+
s → φ π → K K π are therefore preferentially selected by the applied cuts.
+
Nevertheless, a fraction of the Ds decaying via another resonant state can pass the selection cuts. In the
− + +
right panel of Fig. 2, the acceptance-times-efficiencies for prompt D+
s decaying to K K π final state
∗0
via a φ and a K in the intermediate state are compared. The acceptance-times-efficiency for the decay
∗0 +
− + +
chain D+
s → K K → K K π is smaller by a factor ≈ 100 with respect to the decay through φ , and it
is further reduced when applying the PID selection. Indeed, the PID allows the rejection of D+
s decaying
∗0
via a K that would pass the selection on the invariant mass of the φ in case of wrong assignment of the
mass (kaon/pion) to the two same-sign tracks.

The contribution to the inclusive raw yields due to D+
s from B feed-down was subtracted using the
beauty production cross section from the FONLL calculation [1, 5], the B→ D+
s decay kinematics from
+
the EvtGen package [56], and the Monte Carlo efficiencies for feed-down Ds mesons. Before running
the EvtGen decayer, the B admixture cross section predicted by FONLL was split into that of B0 , B+ , B0s
and Λb by assuming the same pT shape for all hadrons and the production fractions from [52], namely
40.1% of B0 , 40.1% of B+ , 10.5% of B0s and 9.3% of beauty baryons. The resulting fraction of prompt
D+
s mesons, fprompt , depends on the pT interval, on the applied selection cuts, and on the parameters used
in the FONLL calculation for the B meson cross section. It ranges from 0.93 in the lowest transverse
momentum interval (2 < pT < 4 GeV/c) to ≈ 0.87 at high pT (> 6 GeV/c).

5 Systematic uncertainties
The systematic uncertainties on the D+
s cross section are summarized in Table 2 for the considered pT
intervals.
The systematic uncertainty on the yield extraction was defined as the full spread of the D+
s yield values
obtained with different techniques to analyze the invariant mass distributions in each pT interval. The fit
was repeated in different mass ranges and by varying the function used to describe the background. In
particular, first and second order polynomials were used instead of an exponential for the background.
In case of fitting in an extended mass range, a second Gaussian signal was included in the fit function to
account for the D+ → K− K+ π + decays. Furthermore, the yield extraction was repeated using a method
based on bin counting after subtraction of the background estimated from a fit in the mass side bands.
The resulting uncertainty amounts to 15–20% depending on the pT interval, as detailed in Table 2.
The systematic uncertainty on the tracking efficiency (including the effect of the track selection) was
evaluated by comparing the probability of track finding in the TPC and track prolongation from the TPC
to the ITS in the data with those in the simulation, and by varying the track quality selections. The
estimated uncertainty is 4% per track, which results in 12% for the three-body decay of D+
s mesons.
Another source of systematic uncertainty originates from the residual discrepancies between data and
simulation for the variables used to select the D+
s candidates. The distributions of these variables were
compared for candidates passing loose topological cuts, i.e. essentially background candidates, and
found to be well described in the simulation. The effect of the imperfect implementation of the detector
description in the Monte Carlo simulations was estimated by repeating the analysis with different sets of
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cuts. The cut values were changed in order to vary the efficiency of signal selection by at least 20% in all
pT intervals. A systematic uncertainty of 15% was estimated from the spread of the resulting corrected
yields. Part of this uncertainty is due to residual detector misalignment effects not fully described in the
simulation. To estimate this contribution, the secondary vertices in the simulation were reconstructed
also after a track-by-track scaling of the impact parameter residuals with respect to their true value. In
particular, a scaling factor of 1.08, tuned to reproduce the impact parameter resolution observed in the
data (see [3]), was used. The resulting variation of the efficiency was found to be 4% in the lowest pT
interval used in this analysis and less than 1% for pT > 6 GeV/c. This contribution was not included
explicitly in the systematic uncertainty, because it is already accounted for in the cut variation study.
−
Due to the limited statistics, it was not possible to analyze separately D+
s and Ds candidates to verify the
absence of biases coming from a different reconstruction efficiency for tracks with positive and negative
charge sign not properly described in the simulation 2 . This check was carried out for other D meson
species [3] without observing any significant difference between particle and antiparticle.

The systematic uncertainty induced by a different efficiency for particle identification in data and
simulation was evaluated by comparing the resulting pT -differential cross section with that obtained
using a different PID approach based on 3σ (instead of 2σ ) cuts on TPC dE/dx and time-of-flight
signals, which preserves almost 100% of the signal. In addition, the PID efficiency, was estimated by
comparing the reduction of signal yield due to the PID selection in data and in simulation, when the same
topological cuts are applied. Due to the limited statistical significance, this check could be performed in
data only for D+
s candidates integrated over the transverse momentum range 4 < pT < 12 GeV/c. From
these studies, a systematic uncertainty of 7%, independent of pT , was assigned to the PID selection.
− + +
The contribution to the measured yield from D+
s decaying into the K K π final state via other resonant
channels (i.e. not via a φ meson) was found to be less than 1% due to the much lower selection efficiency,
∗0
as shown in the right panel of Fig. 2 for the case of the decay through a K . The contamination from
other decay chains (all having smaller branching ratio than the two reported in Fig. 2) was also found to
be negligible.

The effect on the selection efficiency due to the shape of the D+
s pT spectrum used in the simulation was
estimated from the relative difference between the Monte Carlo efficiencies obtained using two different
pT shapes, namely those from PYTHIA [50] with Perugia-0 tune [51] and from the FONLL pQCD
calculation [1, 5]. The resulting contribution to the systematic uncertainty was found to be 3% in the two
lowest pT intervals, where the selection efficiency is strongly pT dependent, and 2% at higher pT .
The systematic uncertainty from the subtraction of feed-down D mesons was estimated following the
same approach as used for D0 , D+ and D∗+ mesons [3]. The contribution of the FONLL perturbative
uncertainties was included by varying the heavy-quark masses and the factorization and renormalization
in the ranges 0.5 < µF /mT < 2, 0.5 < µR /mT < 2, with the constraint
scales, µF and µR , independentlyq

0.5 < µF /µR < 2, where mT =

p2T + m2c . The mass of the b quark was varied within 4.5 < mb <

5 GeV/c2 . The uncertainty related to the B decay kinematics was estimated from the difference between
the results obtained using PYTHIA [50] instead of EvtGen [56] for the particle decays and was found to
be negligible with respect to the uncertainty on the B meson cross section in FONLL. Furthermore, the
prompt fraction obtained in each pT interval was compared with the results of a different procedure in
which the FONLL cross sections for prompt and feed-down D mesons and their respective Monte Carlo
efficiencies are the input for evaluating the correction factor. Since FONLL does not have a specific
prediction for D+
s mesons, four different approaches were used to compute the pT -differential cross
section of promptly produced D+
s . The first two approaches used the FONLL prediction for the generic
admixture of charm hadrons and that for D∗+ mesons (the D∗+ mass being close to that of the D+
s )
2

The small particle-antiparticle asymmetry reported by the LHCb Collaboration [19] is negligible in this context.
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scaled with the fragmentation fractions of charm quarks in the different hadronic species, f (c → D),
measured by ALEPH [23]. The other two predictions for prompt D+
s were computed using the pT differential cross section of c quarks from FONLL, the fractions f (c → D) from ALEPH [23], and the
fragmentation functions from [57], which have one parameter, r. Two definitions were considered for
the r parameter: i) r = (mD − mc )/mD (mD and mc being the masses of the considered D meson species
and of the c quark, respectively) as proposed in [57]; ii) r = 0.1 for all mesons, as done in FONLL after
fitting the analytical forms of [57] to the D∗+ fragmentation function measured by ALEPH [58]. The
D∗+
s mesons produced in the c quark fragmentation were made to decay with PYTHIA and the resulting
D+
s were summed to the primary ones to obtain the prompt yield. For all the four predictions used for
prompt D+
s cross section, the evaluation of fprompt included the FONLL perturbative uncertainties from
the variation of the factorization and renormalization scales in the range quoted above and of the c quark
mass within 1.3 < mc < 1.7 GeV/c2 . The systematic uncertainty on the B feed-down was defined from
the envelope of the resulting values of fprompt . The resulting uncertainties in the transverse momentum
5
intervals used in this analysis are about +
−17 % , as it can be seen in Table 2.

+
− + +
Finally, the results have global systematic uncertainties due to the D+
s → φ π → K K π branching
ratio (5.3% [52]) and to the determination of the cross section of pp collisions passing the minimum-bias
trigger condition (3.5%).

Table 2: Relative systematic uncertainties for the four considered pT intervals.

Raw yield extraction
Tracking efficiency
Topological selection efficiency
PID efficiency
MC pT shape
Other resonant channels
Feed-down from B

pT interval (GeV/c)
2–4
4–6
6–8
8–12
20% 15% 15% 20%
12% 12% 12% 12%
15% 15% 15% 15%
7%
7%
7%
7%
3%
3%
2%
2%
<1% <1% <1% <1%
+ 4
−18 %

Branching ratio
Normalization

+ 4
−17 %

+ 6
−15 %

+ 5
−17 %

5.3%
3.5%

6 Results
6.1

pT -differential D+
s cross section and D meson ratios

The inclusive production cross section for prompt D+
s mesons in four transverse momentum intervals
in the range 2 < pT < 12 GeV/c is shown in Fig. 3. As discussed in section 4, the cross section
reported in Fig. 3 refers to particles only, being computed as the average of particles and antiparticles
−
under the assumption that the production cross section is the same for D+
s and Ds . The vertical error
bars represent the statistical uncertainties, while the systematic uncertainties are shown as boxes around
the data points. The symbols are positioned horizontally at the centre of each pT interval, with the
horizontal bars representing the width of the pT interval. In Table 3, the numerical values of the prompt
+
D+
s production cross section are reported together with the average pT of Ds mesons in each transverse
momentum interval. The hpT i values were obtained from the pT distribution of the candidates in the D+
s
peak region, after subtracting the background contribution estimated from the side bands of the invariant
mass distribution. The measured differential production cross section is compared to two theoretical
predictions, namely the GM-VFNS model [6, 59] and the calculations from [16, 60] based on the kT factorization approach.
The GM-VFNS prediction is found to be compatible with the measurements, within the uncertainties.
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Figure 3: (colour online) pT -differential inclusive cross section for prompt D+
s meson production in pp collisions
√
at s = 7 TeV. The symbols are positioned horizontally at the centre of each pT interval. The horizontal error bars
represent the pT interval width. The normalization uncertainty (3.5% from the minimum-bias cross section and
5.3% from the branching ratio uncertainties) is not shown. Theoretical predictions from GM-VFNS [6] and from
kT -factorization at LO [16, 60] are also shown.

The central value of the GM-VFNS prediction corresponds to the default values of the renormalization
µF for initial- and final-state singularities, respectively) scales, i.e. µR =
(µR ) and factorization (µI and q

µI = µF = mT , where mT = p2T + m2c , with mc = 1.5 GeV/c2 . The theoretical uncertainties are
determined by varying the values of the renormalization and factorization scales by a factor of two
up and down with the constraint that any ratio of the scale parameters should be smaller than or equal to
two [6]. The central value of the GM-VFNS prediction is higher than the measured point by ≈ 50% in
the first pT interval, while in the other intervals it agrees with the data within ≈ 15%. For D0 , D+ and
D∗+ mesons measured by ALICE at the same pp collision energy [3], the central value of the GM-VFNS
predictions was found to lie systematically above the data. As mentioned in Section 1, predictions for the
D+
s production cross section within the FONLL framework are not available, due to the poor knowledge
of the fragmentation function for charm-strange mesons.
The prediction from [16, 60] is obtained in the framework of kT -factorization at LO using KimberMartin-Ryskin (KMR) unintegrated gluon distributions in the proton. The measured D+
s cross section is
described by the upper limit of the theoretical uncertainty band.
The ratios of the pT -differential cross sections of D+ and D∗+ to that of D0 , taken from [3], are shown in
the top panels of Fig. 4. In the bottom panels of the same figure, the ratios of the D+
s cross section
to the D0 and D+ ones are displayed. In the evaluation of the systematic uncertainties on the D
meson ratios, the sources of correlated and uncorrelated systematic effects were treated separately. In
particular, the contributions of the yield extraction, cut efficiency and PID selection were considered
as uncorrelated and summed in quadrature. The systematic uncertainty on the B feed-down subtraction,
being completely correlated, was estimated from the spread of the cross section ratios obtained by varying
the factorization and renormalization scales and the heavy quark mass in FONLL coherently for all
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√
Table 3: Production cross section in |y| < 0.5 for prompt D+
s mesons in pp collisions at s = 7 TeV, in pT intervals.
The normalization uncertainty (3.5% from the minimum-bias cross section and 5.3% from the branching ratio) is
not included in the systematic uncertainties reported in the table. The average pT of D+
s mesons in each transverse
momentum interval is also reported.

(GeV/c)

hpT i

(GeV/c)

dσ /dpT ||y|<0.5 ± stat. ± syst.

2–4

2.7 ± 0.4

+5.8
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+0.27
1.02 ± 0.28−0.30

pT interval

6–8
8–12

+0.08
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Figure 4: Ratios of D meson production cross sections as a function of pT . Predictions from FONLL, GM-VFNS
and PYTHIA 6.4.21 with the Perugia-0 tune are also shown. For FONLL and GM-VFNS the line shows the ratio
of the central values of the theoretical cross section, while the shaded area is defined by the ratios computed from
the upper and lower limits of the theoretical uncertainty band.

mesons. The uncertainty on the tracking efficiency cancels completely in the ratios between production
cross sections of mesons reconstructed from three-body decay channels (D+ , D∗+ and D+
s ), while a 4%
0
systematic error was considered in the ratios involving the D mesons, which are reconstructed from
0
+ +
a two-particle final state. The D+
s /D and Ds /D ratios were corrected for the different value of pp
minimum-bias cross section used in [3] and in this analysis 3 .
3

The preliminary pp minimum-bias cross section value of 62.5 mb, used in [3], was updated to 62.2 mb.
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The predictions from FONLL (only for D0 , D+ and D∗+ mesons), GM-VFNS, and the PYTHIA 6.4.21
event generator with the Perugia-0 tune are also shown 4 . For all these model predictions, D mesons in
the rapidity range |y| < 0.5 were considered. In PYTHIA, the default configuration of the Perugia-0 tune
for charm hadronization was used.
The D+ /D0 and D∗+ /D0 ratios are determined in PYTHIA by an input parameter, PARJ(13), that defines
the probability that a charm or heavier meson has spin 1. In the Perugia-0 tune, this parameter is set to
0.54 from the measured fractions Pv of heavy flavour mesons produced in vector state, see e.g. [4,29,61].
This setting results in an enhancement of the D+ /D0 and a reduction of the D∗+ /D0 ratios with respect to
those obtained with the default value, PARJ(13)=0.75, based on spin counting.
+
0
+
The D+
s /D and Ds /D ratios in PYTHIA are governed by another input parameter, PARJ(2), that
defines the s/u (s/d) quark suppression factor in the fragmentation process. In the Perugia-0 tune, PARJ(2)
is set to 0.2, which gives rise to a reduced abundance of D+
s mesons with respect to the default value of
0.3. With this parameter adjustment, PYTHIA with the Perugia-0 tune reproduces reasonably well the
value and pT shapes of the measured ratios involving D0 , D+ and D∗+ , while it slightly underestimates
the abundance of D+
s mesons. The fact that PYTHIA with Perugia-0 tune underestimates the strangeness
production was already observed at the LHC in the light flavour sector [62, 63].

In the Perugia 2011 tune [64], PARJ(13) is set to the same value (0.54) as in the Perugia-0 tune, while a
lower value of the strangeness suppression factor, PARJ(2)=0.19, is used. This results in the same values
0
of the Perugia-0 tune for the D+ /D0 and D∗+ /D0 ratios, and in slightly lower values for the D+
s /D and
+
+
Ds /D ratios.
The ratios of the FONLL and GM-VFNS predictions were computed assuming the perturbative uncertainty to be fully correlated among the D meson species, i.e. using the same scales for the cross sections
at the numerator and at the denominator. Thus, the perturbative uncertainty cancels almost completely in
the ratio, as it can be seen in Fig. 4 where, for both FONLL and GM-VFNS, the line shows the result obtained from the central values of the theoretical predictions, and the shaded area spans the region between
the ratios computed with the upper and lower limits of the theoretical uncertainty band. The predictions
from FONLL and GM-VFNS agree within uncertainties with the measured particle ratios. Indeed, in
FONLL and GM-VFNS, the relative abundances of the various D meson species are not predicted by
the theory: the fragmentation fractions f (c → D) are taken from the experimental measurements. On
the other hand, in both the pQCD calculations, the pT dependence of the ratios of the D meson production cross sections arises from the different fragmentation functions used to model the transfer of energy
from the charm quark to a specific D meson species [28, 65, 66] and from the different contribution from
decays of higher excited states. The parton fragmentation models used in the calculations provide an
0
+ +
adequate description of the measured data. The measured D+
s /D and Ds /D ratios do not show a significant pT dependence within the experimental uncertainties, thus suggesting a small difference between
the fragmentation functions of c quarks to strange and non-strange mesons. A higher statistics data sample would be needed to conclude on a possible pT dependence of the ratios of strange to non-strange D
meson cross sections.
6.2

pT -integrated D+
s cross section and D meson ratios

The visible cross section of prompt D+
s mesons, obtained by integrating the pT -differential cross section
in the measured pT range (2 < pT < 12 GeV/c), is
D+

σviss (2 < pT < 12 GeV/c, |y| < 0.5) = 53 ± 12(stat.)+13
−15 (syst.) ± 2(lumi.) ± 3(BR) µ b.
4

The ratios from the kT -factorization model of [16] are not shown in Fig. 4. Indeed, in this model the fragmentation
fractions f (c → D) are taken from experimental measurements and the same fragmentation function is used for all D meson
species, resulting in ratios of D meson cross sections that are independent of pT .
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The production cross section per unit of rapidity, dσ /dy, at mid-rapidity was computed by extrapolating
the visible cross section to the full pT range. The extrapolation factor was extracted from the FONLLbased predictions for the D+
s pT -differential cross section described in Section 5. The extrapolation
factor was taken as the ratio between the total D+
s production cross section in |y| < 0.5 and the cross
section integrated in |y| < 0.5 and in the pT range where the experimental measurement is performed. In
particular, the central value of the extrapolation factor was computed from the prediction based on the
pT -differential cross section of c quarks from FONLL, the fractions f (c → D) from ALEPH [23], and the
fragmentation functions from [57] with r = 0.1. The uncertainty on the extrapolation factor was obtained
as a quadratic sum of the uncertainties from charm mass and perturbative scales, varied in the ranges
described above, and from the CTEQ6.6 parton distribution functions [67]. Furthermore, to account for
the uncertainty on the D+
s fragmentation function, the extrapolation factors and their uncertainties were
also computed using the FONLL predictions for D0 , D+ and D∗+ mesons and the envelope of the results
+0.71
was assigned as systematic uncertainty. The resulting value for the extrapolation factor is 2.23−0.65
. The
prompt D+
production
cross
section
per
unit
of
rapidity
in
|y|
<
0.5
is
then
s
+

+38
dσ Ds /dy = 118 ± 28(stat.)+28
−34 (syst.) ± 4(lumi.) ± 6(BR)−35 (extr.) µ b.

The D meson production ratios were computed from the cross sections per unit of rapidity, dσ /dy.
The corresponding values for D0 , D+ and D∗+ from [3] were corrected to account for the updated
value of the pp minimum-bias cross section. The systematic uncertainties on the ratios were computed
taking into account the correlated and uncorrelated sources as described above. The resulting values
are reported in Table 4 and shown in the left-hand panel of Fig. 5 together with the results by other
experiments that measured prompt charm production: LHCb [17], e+ e− data (taken from the compilation
in [68]), and ep data in photoproduction from ZEUS [29] and DIS from H1 [22]. The error bars are the
quadratic sum of statistical and systematic uncertainties and do not include the uncertainty on the decay
branching ratios, which are common to all experiments. The particle ratios for ZEUS and e+ e− were
computed from the compilation of fragmentation fractions f (c → D) published in [29] after updating
the branching ratios of the considered decay channels to the most recent values [52]. For the ZEUS
data, the systematic uncertainties were propagated to the particle ratios by properly taking into account
correlated and uncorrelated sources [69]. For the H1 data, the D meson ratios were computed starting
from the unconstrained values of f (c → D) published in [22], taking into account the correlated part of
the systematic uncertainty and subtracting from the quoted ‘theoretical’ uncertainty the contribution due
to the decay branching ratio [70]. Also in this case, a correction was applied to account for the updates in
the branching ratios of the considered decay channels. The ALICE results are compatible with the other
measurements within uncertainties.
The values predicted by PYTHIA 6.4.21 with the Perugia-0 tune are also shown in the figure, as well as
those from a canonical implementation of the Statistical Hadronization Model (SHM) [71]. The values
from PYTHIA were obtained by integrating the prompt D meson yields in the range |y| < 0.5 and pT > 0.
The SHM, which computes the hadron abundances assuming that particles originate from a hadron gas
in thermodynamical equilibrium, provides a good description of the measured hadron yields in heavyion collisions at various energies and centralities [72], but it can also be applied to small systems like
pp [73, 74] and e+ e− [75, 76]. The SHM results used for the present comparison were computed for
prompt D mesons, assuming a temperature T of 164 MeV and a volume V of 30±10 fm3 at the moment
of hadron decoupling. The dependence on temperature of the cross section ratios considered in this
analysis is rather small within the few MeV uncertainty on the value of T . To properly reproduce
the yield of strange particles in small systems, such as pp and e+ e− , an additional parameter, the
fugacity [74], is usually introduced in the partition function to account for the deviation of strange
particle yields from their chemical equilibrium values. For the SHM predictions reported here, a value of
strangeness fugacity of 0.60 ± 0.04, extrapolated from the results of a fit to particle yields in pp collisions
√
at s = 200 GeV [77], was used. With these parameters, the SHM provides a good description of the
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Table 4: Ratios of the measured production cross section for prompt D mesons in pT > 0 and |y| < 0.5 in pp
√
collisions at s = 7 TeV.

Ratio

D+ /D0
D∗+ /D0
0
D+
s /D
+
+
Ds /D
1.4
1.2

Ratio ± (stat.) ± (syst.) ± (BR)
0.48 ± 0.07 ± 0.11 ± 0.01
0.48 ± 0.07 ± 0.08 ± 0.01
0.23 ± 0.06 ± 0.08 ± 0.01
0.48 ± 0.13 ± 0.17 ± 0.03

ALICE, p T >0, |y|<0.5
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Figure 5: Left: pT integrated ratios of D meson production cross sections compared with other experiments [17,
22, 29, 68]. Error bars are the quadratic sum of statistical and systematic uncertainties, without including the
uncertainty on the BR which is common to all experiments. Right: strangeness suppression factor γs compared to
measurements by other experiments [18, 22, 29, 68]. Predictions from PYTHIA 6.4.21 with the Perugia-0 tune and
from a canonical implementation of the statistical hadronization model (SHM) [71] are also shown. The gray band
represents the uncertainty on the SHM predictions due to the uncertainty on the volume and on the strangeness
fugacity (see text for details).

measured ratios of D meson cross sections.
The strangeness suppression factor for charm mesons, γs , was also evaluated. It is defined as the ratio of
the production cross sections of charm-strange mesons (cs̄) to that of non-strange charm mesons (average
of cd̄ and cū) 5 . Since all D∗+ and D∗0 mesons decay into either a D0 or a D+ , and all D∗+
s decays produce
meson
[52],
the
strangeness
suppression
factor
was
computed
as
a D+
s

γs =

2 dσ (D+
s )/dy
.
dσ (D0 )/dy + dσ (D+ )/dy

(2)

The contribution to D0 and D+ yield from decays of excited charm-strange mesons heavier than D∗+
s was
neglected.
0
+
The resulting value of γs , computed from the D+
s , D and D cross sections per unit of rapidity (dσ /dy),
is
γs = 0.31 ± 0.08(stat.) ± 0.10(syst.) ± 0.02(BR).

The same symbol γs is used in the statistical hadronization model to indicate the fugacity, which, as mentioned above, is
usually included in the partition function to account for strangeness suppression. However, the two γs are different. Indeed, in
the statistical hadronization model, the value of the ratio between strange and non-strange charm mesons is proportional to the
fugacity, but not equal to it, due to the different masses of the various D meson species.
5

16

The ALICE Collaboration

Charm-strange meson production is suppressed by a factor ≈ 3.3 in the fragmentation of charm quarks.
In the right-hand panel of Fig. 5, this result is compared with the γs measurements by other experiments,
taken from the compilation in [21], after updating the branching ratios of the considered decay channels
to the values in [52]. The preliminary measurement by ATLAS [18] in pp collisions at the LHC, obtained
using an equivalent (under the hypothesis of isospin symmetry between u and d quarks) definition of the
+
∗+ in charm hadronization,
strangeness suppression factor based on the cross sections of D+
s , D and D
is also shown. The error bars are the quadratic sum of statistical and systematic uncertainties and do
not include the uncertainty on the decay BR. The values from PYTHIA with the Perugia-0 tune, where
γs corresponds to PARJ(2), and the statistical hadronization model described above are also shown for
reference. It is also interesting to note that a similar amount of strangeness suppression was reported for
beauty mesons by the LHCb Collaboration that measured the ratio of strange B mesons to light neutral
+0.021
B mesons, fs / fd , obtaining the value 0.267−0.020
[78].

All the γs measurements, performed in different colliding systems and at different centre-of-mass energies are compatible within experimental uncertainties. The current ALICE and ATLAS results at LHC
energy in the central rapidity region do not allow one to conclude on a possible lifting of strangeness
0
+ +
suppression with increasing collision energy. Furthermore, the D+
s /D (Ds /D ) ratios are measured at
the LHC both at midrapidity and at forward rapidity, thus allowing to study a possible rapidity dependence of the strangeness suppression in charm hadronization. From the comparison of the ALICE and
LHCb results with the current experimental uncertainties (left-hand panel of Fig. 5), it is not possible to
draw a firm conclusion on this point.

7 Summary
The inclusive production cross section for prompt D+
in the transverse
s meson has been measured
√
momentum range 2 < pT < 12 GeV/c at central rapidity in pp collisions at s = 7 TeV. D+
s mesons
−
+
+
+
were reconstructed in the hadronic decay channel Ds → φ π with φ → K K , and charge conjugates,
using the ALICE detector. The measured differential cross section is described within uncertainties by
the prediction from the GM-VFNS calculation, which is based on perturbative QCD at NLO with the
collinear factorization approach, and it is compatible with the upper side of the uncertainty band of
calculations based on the kT -factorization approach at LO. The relative D meson production yields and
the strangeness suppression factor, γs = 0.31 ± 0.08(stat.) ± 0.10(syst.) ± 0.02(BR), agree within
the present experimental uncertainties with those measured by other experiments for different centreof-mass energies and colliding systems. More precise measurements are needed to address the possible
energy and rapidity dependence of strangeness suppression in charm hadronization.
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R. Bala94 , R. Baldini Ferroli10 , A. Baldisseri12 , A. Baldit63 , F. Baltasar Dos Santos Pedrosa30 , J. Bán47 ,
R.C. Baral48 , R. Barbera25 , F. Barile28 , G.G. Barnaföldi60 , L.S. Barnby90 , V. Barret63 , J. Bartke104 ,
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P. Di Nezza65 , R. Divià30 , Ø. Djuvsland15 , A. Dobrin119 ,29 , T. Dobrowolski100 , I. Domı́nguez55 ,
B. Dönigus85 , O. Dordic18 , O. Driga102 , A.K. Dubey116 , A. Dubla45 , L. Ducroux109 , P. Dupieux63 ,
A.K. Dutta Majumdar89 , M.R. Dutta Majumdar116 , D. Elia98 , D. Emschermann54 , H. Engel51 , B. Erazmus102 ,
H.A. Erdal32 , B. Espagnon42 , M. Estienne102 , S. Esumi114 , D. Evans90 , G. Eyyubova18 , D. Fabris20 ,93 ,
J. Faivre64 , D. Falchieri19 , A. Fantoni65 , M. Fasel85 , R. Fearick79 , A. Fedunov59 , D. Fehlker15 ,
L. Feldkamp54 , D. Felea50 , B. Fenton-Olsen67 , G. Feofilov117 , A. Fernández Téllez1 , A. Ferretti23 ,
R. Ferretti27 , A. Festanti20 , J. Figiel104 , M.A.S. Figueredo107 , S. Filchagin87 , D. Finogeev44 , F.M. Fionda28 ,
E.M. Fiore28 , M. Floris30 , S. Foertsch79 , P. Foka85 , S. Fokin88 , E. Fragiacomo92 , A. Francescon30 ,20 ,
U. Frankenfeld85 , U. Fuchs30 , C. Furget64 , M. Fusco Girard26 , J.J. Gaardhøje71 , M. Gagliardi23 , A. Gago91 ,
M. Gallio23 , D.R. Gangadharan16 , P. Ganoti74 , C. Garabatos85 , E. Garcia-Solis11 , I. Garishvili68 , J. Gerhard36 ,
M. Germain102 , C. Geuna12 , M. Gheata50 ,30 , A. Gheata30 , B. Ghidini28 , P. Ghosh116 , P. Gianotti65 ,
M.R. Girard118 , P. Giubellino30 , E. Gladysz-Dziadus104 , P. Glässel82 , R. Gomez106 , E.G. Ferreiro13 ,
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J. Mlynarz119 , B. Mohanty116 , L. Molnar60 ,30 , L. Montaño Zetina9 , M. Monteno94 , E. Montes8 , T. Moon123 ,
M. Morando20 , D.A. Moreira De Godoy107 , S. Moretto20 , A. Morsch30 , V. Muccifora65 , E. Mudnic103 ,
S. Muhuri116 , M. Mukherjee116 , H. Müller30 , M.G. Munhoz107 , L. Musa30 , A. Musso94 , B.K. Nandi40 ,
R. Nania97 , E. Nappi98 , C. Nattrass112 , N.P. Naumov87 , S. Navin90 , T.K. Nayak116 , S. Nazarenko87 ,
G. Nazarov87 , A. Nedosekin46 , M. Nicassio28 , M.Niculescu50 ,30 , B.S. Nielsen71 , T. Niida114 , S. Nikolaev88 ,
V. Nikolic86 , S. Nikulin88 , V. Nikulin75 , B.S. Nilsen76 , M.S. Nilsson18 , F. Noferini97 ,10 , P. Nomokonov59 ,
G. Nooren45 , N. Novitzky38 , A. Nyanin88 , A. Nyatha40 , C. Nygaard71 , J. Nystrand15 , A. Ochirov117 ,
H. Oeschler53 ,30 , S. Oh120 , S.K. Oh37 , J. Oleniacz118 , C. Oppedisano94 , A. Ortiz Velasquez29 ,55 , G. Ortona23 ,
A. Oskarsson29 , P. Ostrowski118 , J. Otwinowski85 , K. Oyama82 , K. Ozawa113 , Y. Pachmayer82 , M. Pachr34 ,
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Benemérita Universidad Autónoma de Puebla, Puebla, Mexico
Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine
Budker Institute for Nuclear Physics, Novosibirsk, Russia
California Polytechnic State University, San Luis Obispo, California, United States
Central China Normal University, Wuhan, China
Centre de Calcul de l’IN2P3, Villeurbanne, France
Centro de Aplicaciones Tecnológicas y Desarrollo Nuclear (CEADEN), Havana, Cuba
Centro de Investigaciones Energéticas Medioambientales y Tecnológicas (CIEMAT), Madrid, Spain
Centro de Investigación y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico
Centro Fermi – Centro Studi e Ricerche e Museo Storico della Fisica “Enrico Fermi”, Rome, Italy
Chicago State University, Chicago, United States
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