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Abstract

Prompt D meson and non-promptf yields are studied as a function of the multiplicity of chedg
particles produced in inelastic proton—proton collisians centre-of-mass energy ¢ = 7 TeV.
The results are reported as a ratio between yields in a givétiphicity interval normalised to the
multiplicity-integrated ones (relative yields). They afeown as a function of the multiplicity of
charged particles normalised to the average value forstielaollisions (relative charged-particle
multiplicity). D%, D and D mesons are measured in fige intervals from 1 Geyc to 20 GeV/c
and for|y| < 0.5 via their hadronic decays. The D-meson relative yield imfbto increase with
increasing charged-particle multiplicity. For eventshwitultiplicity six times higher than the av-
erage multiplicity of inelastic collisions, a yield enha&neent of a factor about 15 relative to the
multiplicity-integrated yield in inelastic collisions @bserved. The yield enhancement is indepen-
dent of transverse momentum within the uncertainties ofiteasurement. The®Bmeson relative
yield is also measured as a function of the relative mudtifliat forward pseudo-rapidity. The
non-prompt Jy, i.e. the B hadron, contribution to the inclusiva/dproduction is measured in the
di-electron decay channel at central rapidity. It is eviddor pr > 1.3 GeV/cand|y| < 0.9, and
extrapolated tgpr > 0. The fraction of non-prompt/d in the inclusive Jy yields shows no de-
pendence on the charged-particle multiplicity at centpidity. Charm and beauty hadron relative
yields exhibit a similar increase with increasing chargedticle multiplicity. The measurements are
compared to PYTHIA 8, EPOS 3 and percolation calculations.
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1 Introduction

The study of the production of hadrons containing heavy kgjare. charm and beauty, in proton—
proton (pp) collisions at the Large Hadron Collider (LHCpyides a way to test calculations based
on perturbative Quantum Chromodynamics (pQCD) at the Bigheailable collision energies. The
inclusive production cross sections of charm mesons medsar pp collisions at the LHC at both
central B.BZ] and forward[tB] rapidity are described by ttetizal predictions based on pQCD cal-
culations with the collinear factorisation approach attriexeading order (e.g. in the general-mass
variable-flavour-number scheme, GM-VFNS [4]) or at fixedasrdith next-to-leading-log resumma-
tion (FONLL [B—@]) within theoretical uncertainties. Theraparisons suggest that charm production is
under (over) estimated by the central values of the FONLL {@RNS) calculations. The measured D-
meson production cross sections in pp collisions at the LatCatso be described by pQCD calculations
performed in the framework dfr-factorisation in the leading order (LO) approximatidﬂw.[%eauty
production cross section measurements in pp collisiongsat 7 TeV -Eh] are well described by
implementations of FONLL and GM—VFN§[|£|15]. In the case off@sons, the measured cross sec-
tions are close to the central value of the FONLL and GM-VFN&]tions. A similar situation was
observed in p collisions at,/s= 1.96 TeV at the FNAL Tevatron collideﬁh@lB].

The measurement of heavy-flavour production in pp collisias a function of the charged-particle mul-
tiplicity produced in the collision could provide insighitd the processes occurring in the collision at
the partonic level and the interplay between the hard artchse¢hanisms in particle production. These
aspects are expected to depend on the energy and on the ipgpanteter (the distance between the
colliding protons in the plane perpendicular to the bearadtion) of the pp coIIisionﬂ@l}. In the
impact parameter representation of protonproton cofisithe overlap of the nucleon wave functions in
proton—proton collisions can be described by a geomefpiciire with two separate transverse distance
scales: the impact parameter of the collision and the texssvspatial partonic distributioﬂ@ 22—
].In particular, pp collisions with a hard parton-parsmattering are predicted to be more central (i.e.
have smaller impact parameter) than minimum-bias ev

The NA27 Collaboration observed in 1988 that the averagegeldaparticle multiplicity in events with
open charm production was higher by about 20% than in eveittow charm production@G]. A
softening of the momentum spectra of hadrons produced oced®n with charm was also observed.
This result was interpreted as a consequence of the moreakcaature of collisions leading to charm
production.

At LHC energies, two additional contributions to charm proiibn and its relation to multiplicity have

to be considered. The first effect is the likely larger amaafrgluon radiation associated to the short
distance production processes at larger energies andlpdréinsverse momenta. The second is the con-
tribution of Multiple-Parton Interactions (MPI |7__—|29]e. several hard partonic interactions occurring
in a single pp collision. In this context, pQCD-inspired rateddescribe the final-state particles produced
in hadronic collisions with a two-component approach, rgrae initial hard partonic scattering pro-
cess, that gives rise to collimated clusters of hadrons)(jenhd an underlying event, consisting of the
final-state particles that are not associated with theairtii@rd scattering. While the hard scattering pro-
cess can be computed with a pQCD approach, the descriptithre einderlying event, which is thought
to be dominated by particles produced in soft processes anmbtiurbative (mini)jets with relatively
small transverse momenta (soft MPIs), is based on a pherwaggcal model. In particular, pQCD-
based models of MPIs provide a consistent way to describe imigltiplicity pp collisions, and have
been implemented in recent Monte Carlo generators like PPATEH[30], PYTHIA 8 [@], and HER-
WIG [@]. Measurements by the CMS Collaboration of jet anderitying event properties as a function
of multiplicity in pp collisions at\/s = 7 TeV can be better described by event generators including
MPI [@@1] The analysis of minijet production performeglthe ALICE CoIIaborationES] indicates
that high multiplicities in pp collisions are reached thgbwa high number of MPIs and a higher than av-
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erage number of fragments per parton. Upward fluctuatiotiseofjluon density in the colliding protons
are also advocated to describe the results from high migltiplpp collisions at the LHC@ @7].
Indeed, the transverse structure of the proton, as prolealthpartonic scattering processes, is predicted
to play a crucial role in defining the underlying event stauetand the probability of MPI@S]. In the
heavy-flavour sector, the LHCb Collaboration reported meaments of double charm production in pp
collisions at the LHC (8+ X, J/¢+ X and J +J/i whereX = D% D*, D, A{), which suggest that
MPIs also play a role at the hard momentum scale relevanﬁfprmductionEB 9].

The ALICE Collaboration published the first measurementnefusive Jy production as a function
of charged-particle multiplicity, expressed as the psewaghidity density of charged particledNg,/dn

at mid-rapidity, in pp collisions a{/s= 7 TeV @]. An approximately linear increase of the yield of
J/@ with the charged-particle multiplicity was observed in altiplicity range reaching four times the
average multiplicity(dNcn/dn). The measurements aff < 0.9 and 25 < y < 4.0 were compatible
within the uncertainties. Both the larger amount of gluodiation and the contribution of MPI in
collisions where heavy quarks are produced can induce &laton between the yield of quarkonia
and the charged-particle multiplicity produced in the is@h. The measured rise of ¢y yield with
increasing multiplicity can also be described in the framnof string interaction or parton saturation
models. In particular, in Reﬂ:th] a stronger—than-lingand in the high density domain is anticipated
as a consequence of the interaction (overlap) of string&haieduces the effective number of sources
for soft-particle production. The increasing trend @fJyield with multiplicity is also described in a
framework in which high multiplicities are attained in ppllgions due to the contribution of higher
Fock states in the proton, leading to a larger number of gym@mticipating in the coIIisiorEé?].

It is also worth pointing out that the charged-particle des attained in high-multiplicity pp colli-
sions at the LHC are of the same order of magnitude as thossunmgehin semi-peripheral heavy-ion
collisions at lower centre-of-mass energi [42]. In thiesavy-ion collisions, the measured momen-
tum distributions of light hadrons indicate that the systamdergoes a collective expansion, which can
be described in terms of hydrodynamics. Recent measursrirehigh-multiplicity p—Pb collisions at
VSw = 5.02 TeV ] and in high-multiplicity pp collisions at thdéiC [@] indicate that such a
collective behaviour could also be at play in these systelfnsharm quarks were to follow a collec-
tive motion in high-multiplicity events, their momentumesyra would be altered, and the heavy-flavour
hadron relative yields at high multiplicity would vary asum€tion of pr [@].

The measurements of the-differential prompt D meson and non-prompgtdcross sections in pp col-
lisions at\/s= 7 TeV with the ALICE experiment at the LHC were published iferences[[] 0]. In
this paper, we report the measurement of the relative opavykeavour production yields as a function
of the charged-particle multiplicity in pp collisions afs= 7 TeV. Open charm and beauty production
is measured by reconstructing prompt D mesons and non-prdfgpi.e. J ¢ mesons coming from the
decay of beauty hadrons. The experimental setup and théfinitly estimation are described in Seck. 2
and[3, respectively. PromptODD+, D** mesons were measured at central rapidity< 0.5, in six
multiplicity intervals and fivepr intervals from 1 GeYcto 20 GeV/c (Sec[#). The non-prompt fraction
of J/¢ production was measured in the rapidity interfyal< 0.9 in five multiplicity intervals and for
pr > 1.3 GeV/c and extrapolated tpr > 0 (Sec[5). The relative yields as a function of chargedigart
multiplicity are compared in Selcl 6. Finally, model caltigdas are discussed and compared with data in
SeclT.

2 Experimental apparatus and data sample

The ALICE apparatusJEl] consists of a central barrel detecbvering the pseudo-rapidity interval
In| < 0.9, a forward muon spectrometer covering the pseudo-rgpiutiérval —4.0 < n < —2.5, and a
set of detectors at forward and backward rapidities usettifiering and event characterization. In the
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following, the subsystems that are relevant for the D mesaiman-prompt J analyses are described.

The central barrel detectors are located inside a largeaiolel magnet, which provides a magnetic
field of 0.5 T along the beam directioa éxis in the ALICE reference frame). Tracking and particle
identification are performed using the information proddy the Inner Tracking System (ITS), the Time
Projection Chamber (TPC) and the Time Of Flight (TOF) detes;tthat have full azimuthal coverage
in the pseudo-rapidity intervah| < 0.9. The detector closest to the beam axis is the ITS, which is
composed of six cylindrical layers of silicon detectorsthwadial distances from the beam axis ranging
from 3.9 cm to 43.0 cm. The two innermost layers, with averagié of 3.9 cm and 7.6 cm, are equipped
with Silicon Pixel Detectors (SPD). The two SPD layers, cgthe pseudo-rapidity ranges|gf| < 2.0
and|n| < 1.4 respectively, have 1200 SPD readout chips. The two intdiatelayers are made of Silicon
Drift Detectors (SDD), while Silicon Strip Detectors (SS&juip the two outermost layers. The high
spatial resolution of the silicon sensors, together with Ibw material budget (on average 7.7% of a
radiation length for tracks crossing the ITS perpendidular the detector surfaces, i.e.= 0) and the
small distance of the innermost layer from the beam vacuube, tallow for the measurement of the
track impact parameter in the transverse plafg, (.e. the distance of closest approach of the track to
the primary vertex in the plane transverse to the beam dreaith a resolution better than 7&m for
transverse momentar > 1 GeV/c [@]. The SPD provides also a measurement of the multipliait
charged particles produced in the collision based on tragknents (tracklets) built by associating pairs
of hits in the two SPD layers.

At larger radii (85< r < 247 cm), a 510 cm long cylindrical TPE[SS] provides trackomstruction with
up to 159 three-dimensional space points per track, as welhdicle identification via the measurement
of the specific energy deposiEddx in the gas. The charged particle identification capabilftthe TPC

is supplemented by the T054], which is equipped with Mgép Resistive Plate Chambers (MRPCs)
located at radial distances between 377 and 399 cm from thim laeis. The overall TOF resolution
including the uncertainty on the time at which the collistook place, and the tracking and momentum
resolution was about 160 ps for the data-taking period dened in these analyses.

The VO detectorES], used for triggering and for estimating multiplicity of charged particles in the
forward rapidity region, consists of two arrays of 32 sdiatbrs each, placed around the beam vacuum
tube on either side of the interaction regiorzat —90 cm andz = +340 cm. The two arrays cover the
pseudo-rapidity intervals-3.7 < n < —1.7 and 28 < n < 5.1, respectively.

The data from proton—proton (pp) collisions at a centreaaks energy of/s = 7 TeV used for the
analyses were recorded in 2010. The data sample consist®of 314 million minimum-bias (MB)
events, corresponding to an integrated luminosity#f, ~ 5 nb~. Minimum-bias collisions were
triggered by requiring at least one hit in either of the VOreus or in the SPD|| < 2), in coincidence
with the arrival time of proton bunches from both directiofi$is trigger was estimated to be sensitive
to about 85% of the pp inelastic cross section [56].

To enrich the data sample with high multiplicity events, gtiMultiplicity (HM) trigger based on the
multiplicity information provided by the outer SPD layer svalso used. Each readout chip of the SPD
promptly asserts a digital pulse, called FastOR bit, on tkegnce of at least one firing pixel. A sample
of about 6 million events was collected applying a selectiarthe minimum number of readout chips
having asserted this digital pulse. The threshold was corgdjto select the: 0.7% of the events with
highest number of hits in the outer SPD layer. This HM-triggample &t ~ 14 nb 1) provides an
increase of statistics by a factor of about 2.8 relative ] MB trigger for events with more than 50
tracklets, corresponding to about six times the averagdpticity.

Only events with interaction vertex reconstructed frontksawith a coordinatéz] < 10 cm along the
beam line were used for the analysis. In the considered datalss, the instantaneous luminosity was
limited to 0.6—12 x 10?° cm2s~1 by displacing the beams in the transverse plane by 3.8 tineeRMS
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of their transverse profile. In this way, the interactionlability per bunch crossing was kept in the
range 0.04-0.08, with a probability of collision pile-upldye 4% per triggered event. An algorithm to
detect multiple interaction vertices based on SPD tracknseds, or tracklets, was used to further reduce
the pile-up contribution. An event is rejected from the simatl data sample if a second interaction vertex
is found, which has at least three associated trackletsisasgparated from the first one by more than
0.8 cm alongz. This removes about 48% of the pile-up events. The remajpilegup contamination has
two contributions: events with pile-up of collisions wiffz < 0.8 cm and events in which the piled-up
collisions have low-multiplicity (less than three chargetticles reconstructed in the SPD). In the case
of pile-up of collisions with small separation alomgthe multiplicity estimation may be biased because
some of the tracklets of charged particles from differetariactions may be added together. According
to simulations, the number of tracklets results to be biagkdn the piled-up vertices are separated
alongz by less than 0.6 cm. Combining this result with the shapeefiiminous region along the beam
direction and the maximum pile-up rate of 4%, the overalbatality that two piled-up events induce a
bias in the determination of multiplicity was found to be knthan 03%. The fraction of events with
biased number of tracklets increases with increasing pligity and it was estimated to be below 2% at
the highest multiplicities considered in this analysisjlevthe resulting bias on the measured number of
tracklets was found to be negligible in all the multiplicitiasses.

3 Multiplicity definition and corrections

In the present analysis, the experimental estimator of tizeged-particle multiplicity is the number
of tracklets in the intervaln| < 1.0 (Nyackietd- Tracklets are track segments defined by combining
the clusters in the SPD detector with the reconstructedassinaertex position. Tracklets are required
to point to the primary interaction vertex withitl cm in the transverse plane agtB cm in thez
direction ELHEIZ] This multiplicity estimator is the samg& was used in previous studies performed for
inclusive J ¢ production [[Zb]. Monte Carlo simulations of the detect@p@nse have shown tHeackiets

is proportional to the pseudo-rapidity density of the gatest charged primary particles\g,/dn, within

2%. Primary particles are defined as prompt particles predlirc the collision and all decay products,
except products from weak decays of strange particles. 3&edo-rapidity coverage of the SPD detector
changes with the position of the interaction vertex alorgtibam linez,, and with time due to the
variation of the number of inactive channels. The deteasponse over the analysed data taking period
is equalised by means of a data-based correction, whiclpledpn an event-by-event basis depending
on z, and time.

The measurements in tidackiets € [1,49] interval are performed using minimume-bias triggedata,
while those in the [50,80] range exploit the SPD-based Hiyb&i described above. The HM trigger is
fully efficient for events withNyackiets > 65. The number of events and the D-meson candidate invariant
mass distributions were corrected for the HM trigger inafficy in theNyackiets € [50,65] range by
means of a data-driven re-weighting procedure. MNagketsdependent event weights were defined
from the ratio of the measured distributions of the numbetradklets in the HM and minimum-bias
trigger samples. The effect of this correction on the peméevaw yield was of about 2.5%. The average
dNcnh/dn of events in the highe®iackietsinterval was determined from the minimum-bias sample.

The analysis results are presented as a function of theveelgttarged-particle multiplicity at central
rapidity, (dNcr/dn)’ /(dNen/dn), where(dNen/dn) = 6.0120.01(stat) *539(syst) is measured in in-
elastic pp collisions at/s= 7 TeV with at least one charged particle |im| < 1.0 [@]. The relative
guantities are used to minimise the experimental uncdigaiand to facilitate the comparison with other
measurements and models. The consid®ggdkiets intervals and the corresponding relative charged-
particle multiplicity ranges are summarised in TdOle 1. hlghestNyackietsinterval considered in the
analysis extends to a multiplicity of about 9 times tja&l./dn) of inelastic pp collisions and the av-
erage multiplicity of events in thiblyaciets interval is about six times thé&Ng,/dn). The uncertainty
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on (chh/dn)j/<chh/dn> is 6%; it includes the influence ¢f) the determination of th&yackiets 0
dNgn/dn proportionality factor, 2%(ii) its possible deviation from linearity, 5%iii) and the uncer-
tainty on the measure@Nc/dn).

Nirackiets (ONoh/dn)1 (dNgh/dn)i /(dNeh/dn)  NBend/10P  No&r/10°

1,8 2.7 Q45553 155.1 -

4,8 3.8 0637057 - 89.0
9,13 7.1 118397 46.2 50.5
(14,19 10.7 178219 32.0 35.5
20,30] 15.8 263915 24.7 28.0
31,49 24.1 4011933 7.9 9.5
50,80 36.7 6117935 1.7 -

Table 1: Summary of the multiplicity intervals used for the analyseBhe number of reconstructed track-
lets Nirackiets the average charged-particle multiplicigNen/dn )!, and the relative charged-particle multiplicity
(chh/dr))j/<chh/dr)> are detailed. The number of events analysed in the varioligpiiuity ranges for both
the D-meson and/dy analysis are reported. The number of events folNfguietsinterval [50,80] are corrected
for the high multiplicity trigger efficiency, as explaineu$ec[B.

The analysis of B production is also carried out as a function of the chargatigle multiplicity in

the regions—3.7 < n < —1.7 and 28 < n < 5.1, as measured with the charge collected by the VO
scintillator countersiNyg, reported in units of the minimume-ionizing-particle chard he motivation for
studying the multiplicity dependence of charmed-mesomycton also with this estimator is that the
event multiplicity and the D-meson yields are evaluatediffieidnt pseudorapidity ranges, reducing the
effects of auto-correlations. In contrast, with tNg,ckiets €Stimator also the D-meson decay products
and the charged patrticles produced in the fragmentatioheosame charm quark are included in the
multiplicity evaluation.

The advantage of this estimator is that the event multigliznd the D-meson yields are evaluated in dif-
ferent pseudo-rapidity ranges, avoiding any possible-aateelation. Monte Carlo simulations demon-
strate thalNyq is proportional to the charged-particle multiplicity irattpseudo-rapidity interval. In this
paper we report Prelative yields as a function of the relative uncorrectedtiplicity in the VO detector,
Nvo/(Nvo) (see Sed_4.41).

4 D-meson analysis
4.1 D-meson reconstruction

Charm production was studied by reconstructiny D™ and D" mesons, and their antiparticles, via
their hadronic decay channel§ B K~ " (with branching ratio, BR, of 88+0.05%), D" — K~ rr*
(BR of 9.13+0.19%), and D* — Drr* (BR of 67.7 + 0.05%) with O — K~ 7" [58]. D-meson
candidates were selected with the same strategy as dedstni@. The selection of Band D" decays
(weak decays with mean proper decay lergth~ 123 and 312um, respectively|E8]) was based on the
reconstruction of secondary vertices separated by fewrkdnghicrons from the interaction point. In
the case of the D strong decay, the decay topology of the produc&dvAs reconstructed. Tand D
candidates were formed using pairs and triplets of trackis thie proper charge sign combination| <
0.8, pr > 0.3 GeV/c, at least 70 associated space points (out of a maximum ofviii®)?/ndf < 2 of
the momentum fit in the TPC, and at least two hits (out of 6) @IS, of which at least one had to be
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in either of the two SPD layers. "D candidates were formed by combining Bandidates with tracks
with pr > 80 MeV/c and at least 3 hits in the ITS, out of which at least one shoelthithe SPD. The
selection of tracks withn | < 0.8 limits the D-meson acceptance in rapidity. The acceptdnmes steeply

to zero forly| > 0.5 at low pr and|y| > 0.8 atpr > 5 GeV/c. A pr-dependent fiducial acceptance cut,
IYo| < Ysda(pPr), Was therefore applied on the D-meson rapidity. The cuteyaha(pr), increases from
0.5 to 0.8 in the transverse momentum range Br < 5 GeV/c according to a second-order polynomial
function and it takes a constant value of 0.8 figr> 5 GeV/c. The selection of the decay topology was
based on the displacement of the decay tracks from the atii@navertex, the separation between the
secondary and primary vertices, and the pointing angleeofgbonstructed D-meson momentum and its
flight line from the primary to the secondary vertex. The sbas were tuned such that a large statistical
significance of the signal and a selection efficiency as highagsible were achieved, which resulted in
cut values that depend on the D-megmnand speciesﬁl]. The same selections were used in all the
multiplicity intervals in order to minimise the effect offeiency corrections in the ratio of the yields.
Pion and kaon identification based on the TPC and TOF deteatere used to obtain a further reduction
of the background. Cuts in units of resolution {8 g) were applied around the expected mean values
of energy deposit/dx and time-of-flight. Tracks without TOF signal were identifiasing only the
TPC information. Tracks with incompatible TPC and TOF resmowere considered as non-identified
and were used in the analysis as both pion and kaon candidaseticle identification (PID) was not
applied to the pion tracks from the*D decay. This selection guarantees a reduction of the bagkdro
by a factor of about 2 to 3 at loyr, while preserving about 95% of the signal.

The D-meson raw yields were extracted in e&hckets and pr interval by means of a fit to the can-
didate invariant mass distributions (mass differeAt& = M (K rtrr) — M(K ) for D**). Similarly, the
multiplicity-integrated raw yields were also evaluated éachpr interval. The I and D" candidate
invariant mass distributions were fitted with a function gmeed of a Gaussian for the signal and an ex-
ponential term that describes the background shapeAWhdistribution of D' candidates, which fea-
tures a narrow peak &M ~ 1454 MeV/c? [@], was fitted with a Gaussian function for the signal and
a threshold function multiplied by an exponential to mode background y/AM — My, - eP(AM-Mn))
The centroids of the Gaussians were found to be compatilite the world-average masses of the D
mesons@S] in all multiplicity andpy intervals. The widths of the Gaussian functions are indepen
dent of multiplicity and increase with increasing D-megan ranging between 10 and 20 Mgy for

DY and D" and between 600 and 900 k;éc? for D** mesons, consistent with the values obtained in
simulations. In order to reduce the influence of statistitadtuations, the raw yields were determined
by constraining the D-meson line shape, its mass to the vemddage D-meson mass, and its width
to the value obtained from a fit to the invariant mass distigiouin the multiplicity-integrated sample,
where the signal statistical significance is larger. Fidglirshows the B and D" candidate invariant
mass distribution, and ‘D mass difference distributions, for selectegand multiplicity intervals. The
extraction of the raw signal yields (sum of particle and @antiicle) was possible in fiver intervals
from 1 GeV/c to 20 GeV/c for the Nyackietsranges reported in Taklé 1. The analysis covering the range
Niracklets € [1,49] exploited the minimum-bias triggered sample and was plesgib the three D-meson
species in thregr intervals in the range between 2 and 12 GeV In addition, the B signal was
extracted iMNiackiets € [1,49 for 1 < pr < 2 GeV/c, and the D" signal was determined in three multi-
plicity intervals for 12< pr < 20 GeV/c. The highest multiplicity interval50,80] was studied with the
high multiplicity triggered sample via®mesons for 2 pr < 4 GeV/c and the three D-meson species
for 4 < pr <8 GeV/c.

4.2 Corrections

The vyields of D mesons were evaluated for each multiplicitg @y interval starting from the raw
counts,Nraw, Which were divided by the reconstruction, topological @B selection efficiencies for
prompt D mesonsgprompt b, @nd by the number of events analysed in the consideredpintityy inter-
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Figure 1: D°and D' invariant mass and T mass difference distributions for selectegdandNyackietsintervals
for pp collisions at,/s = 7 TeV with Z; = 5 nb~. The I distributions are shown for 2 pr < 4 GeV/c (top-
panels), the D for 4 < pt < 8 GeV/c (middle-panels), and the*D for 8 < pr < 12 GeV/c (bottom-panels). The
Niracklets € [1,8], [14,19] and [31,49] intervals are shown in the lefiddie and right panels respectively. The fits
to the candidate invariant mass distributions are also show

val, Ng\,ent The results are reported as the ratio of yields in each ptigity interval, (dZNDO /dydpr)!,
to the multiplicity-integrated (average) yiel@?N®° /dydpr),
j .
dzNDo/dyde _ 1 l_\lrlaw P < 1 <Nraw [ﬁ> >

(@NO/dydpr) )\ NbveniEprompe s/ / \ NtBtrigger Erigger (Epromt o)

(1)

where the indey identifies the multiplicity interval. The acceptance cotien, defined as the fraction of
D mesons within a given rapidity angt interval whose decay particles are within the detector ame
cancels in this ratio. D-meson raw yields have two compaéahe prompt D-meson contribution, and
the feed-down contribution originating from B hadron dexayquatiohl evaluates the yields of prompt
D mesons under the assumption that the relative contritbatiche D-meson raw yield due to the feed-
down from B hadron decays does not depend on the multiplidithe event, and is therefore cancelling
in the ratio to the multiplicity-integrated values. To avatle the yields per inelastic collisions, the num-
ber of events used for the normalisation of the multipligitiegrated yield has to be corrected for the
fraction of inelastic collisions that are not selected by thinimum-bias triggeNwvg wigger/ Erriggers With
Etrigger = O.85f§8j§ [@]. The results are also reported in Taljles| A.1[and A.3awitlthis trigger efficiency
correction. It was verified with PYTHIA 6.4.2@0] Monte Qausimulations that this minimum-bias
trigger is 100% efficient for D mesons in the kinematic ranfyhis measurement.

The D-meson efficiency corrections were determined with tdd@arlo simulations using the PYTHIA
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6.4.21 event generatdﬂ30] with Perugia-0 tuneé [59], aedGEANTS3 transport codﬁbO]. The detector
configuration and the LHC beam conditions were includedntaiato account their evolution with time
during the data taking period. Th‘érompt p depends on the D-meson species angbpnFor prompt ¥
mesons it is 3-4% in the 2 pr < 4 GeV/cinterval and it increases up to 25-35% for > 8 GeV/c,
because less stringent topological selections were ud@gtapr, where the combinatorial background
is smaller. The efficiency for feed-down D mesons is largealyut 20—30% than for prompt D mesons.
This is due to the fact that feed-down D mesons decay furtivay &rom the interaction vertex and are
therefore more efficiently selected by the topological neguents. The D-meson selection efficiency
depends also on the multiplicity of charged particles poeduin the collision, because the resolution
on the position of primary vertex improves with increasingltiplicity, providing a better resolution of
the variables used for the topological selections. For @@nthe ¥ selection efficiency in 2 pr <

4 GeV/cincreases by about 40% from the lowest to the highest migitipintervals considered in this
analysis.

4.3 Systematic uncertainties

Several sources of systematic uncertainty that could taffecrelative yields as expressed in Elg. 1 were
studied. Only the raw yield extraction and the feed-dowrtrawgtion contribution were found to have
an influence on the relative yields. The influence of the ramali extraction from the invariant mass
distribution was evaluated by using the raw yields obtainét different approaches to separate the
signal from the combinatorial background. The contributio the ¥ line shape of mis-identified K
and 1T pairs from @ decays, e.g. a D— K~ " that passes the selection criteria@% — m K™,
was assumed to be the same in all multiplicity intervals aag neglected in this analysis. Different
background fit functions were considered (exponentialyrpahial, linear for ¥ and D; threshold,
(AM — Mn)b, for D**); the centroid and width of the Gaussians were left as frearpeaters in the fit
instead of keeping them fixed to the values obtained from thiéplicity-integrated distribution; the raw
yield was also extracted by counting the invariant mas®gisin entries in &30 interval around the
peak after subtracting the background evaluated by fittiegdistribution side bands (i.e. excluding the
+30 interval around the centroid). The uncertainty was estghdtom the stability of the ratio of the
raw yieldsNrJaW oo/ (Nraw ), Where the same raw yield extraction method was used in thgpfivity
interval j and for the multiplicity-integrated result. The assignggtematic uncertainty varies from 3%
to 15% depending on the meson speci@sand multiplicity interval.

The efficiency corrections were calculated independenthye&ch multiplicity interval. The multiplicity
distribution of primary charged particles in the Monte ©@aimulation,P(Ng,), was tuned to reproduce
the measured charged-particle muItipIic@[S?]. The édficies obtained with different Monte Carlo se-
tups, that generate different initial multiplicity didittions, showed a good agreement in all multiplicity
intervals. This effect was not considered as a source oésyaic uncertainty.

The D-meson decay tracks can be included or n@ ithe counting of the number of tracklets, resulting
in a shift of the estimated multiplicity, and {ii) the determination of the primary vertex position, which
leads to a different resolution on the vertex position arttieyeometrical variables used for the D-meson
selection. In the default configuration, the analysis wasedexcluding the D-meson decay tracks from
the primary vertex determination and without excludingitfeom the multiplicity estimation. To check
for possible systematic effects due to the multiplicityedatination, the analysis was repeated excluding
the D-meson decay tracks from the multiplicity estimatiobtaining compatible results. Furthermore,
the relative yields were determined without excluding thenBson decay tracks from the primary vertex
determination. The influence of such variation is propedgroduced by Monte Carlo simulations,
leading to a null effect on the corrected relative yields.erBfiore this effect was not considered as a
source of systematic uncertainty.

The analysis was repeated for all D-meson species withréliffesets of topological selection criteria.
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It was verified that the corrected relative D-meson yieldslefined in Eq[1L are not sensitive to this
variation. This confirmed that the systematic uncertaietgted to the topological selection description
in the Monte Carlo cancels in the ratio. The influence of tHe trategy, which is based on the infor-
mation of TPC and TOF detectors, was studied by also extiatiie D-meson raw yields without PID
selection criteria, which could be done only for D-megan> 2 GeV/c. The ratios of the relative raw
yields, NrJaW oo/ (Nraw o) With and without PID selections were found to be compatitil& unity. As a
consequence, this effect was not considered as a sourcstefrgtic uncertainty.

As mentioned above, Egl. 1 describes the prompt correctétbyieder the assumption that the fraction of
prompt D mesonsf,ompy does not vary with the event multiplicity. To estimate timeertainty related

to this assumption, the multiplicity integratefghompt factor was evaluated with the FONLL B-hadron
production cross sections [7], the-B D+X decay kinematics from EtheEﬂ61], and the acceptance,
reconstruction and selection efficiency of D mesons from &agle as described iE|[1]. The resulting
forompt Values are about 85-95% depending on the D-meggoand the applied selection criteria. The
uncertainty due to the B feed-down contribution to the redayields, fg = 1 — fpompy Was evaluated
assuming a linear increase of the fractigh ( fg) from 1/2 to 2 from the lowest to the highest multiplic-
ity interval. The resulting uncertainties vary with tpe and multiplicity range and are different for the

three mesons. Typical values for intermedigieat low multiplicity arejg%, and at high multiplicity

+0 o
—20/0'

4.4 Results

The results of the B) D* and D™ meson relative yields for eaghy interval are presented in Fids. 2
and[3 as a function of the relative charged-particle midiigl The relative yields are presented in the
top panels with their statistical (vertical bars) and systtc (boxes) uncertainties except the uncertainty
on the feed-down fraction, which is drawn separately in thédm panels in the form of relative uncer-
tainties. The position of the points on the abscissa is tieeage value of the relative charged-particle
multiplicity, (chh/dn)/<chh/dn>, for every Nyackiets interval. The I, Dt and D" meson relative
yields are compatible in afpr intervals within uncertainties.

The average of By D™ and D relative yields was computed for eaph interval using as weights the
inverse square of their relative statistical uncertamti€he yield extraction uncertainty was considered
as uncorrelated systematic uncertainty. The feed-dowatidra systematic uncertainty was treated as
a correlated systematic uncertainty. The average of theeBamrelative yields for alpy intervals is
summarised in Tablds A.1 ahd A.2, and presented in[Fig] 4&bg relative D-meson yields increase
with the charged-particle multiplicity by about a factor I in the range between 0.5 and six times
(dNgn/dn). Figure[4(b) shows the ratios of the average of the D-meslative yields in variouspr
intervals with respect to the 2 pr < 4 GeV/c interval values. The yield enhancement is independent
of transverse momentum within the uncertainties of the onreasent.

4.4.1 Studieswith the charged-particle multiplicity at forward rapidity

In the analysis described above, D-meson yields were megsarthe same rapidity interval as the
charged-particle multiplicity. This could lead to a biaghi particles produced in the charm-quark
fragmentation and in the D-meson decay would amount to & lfmgtion of the measured charged
particles. In order to study this possible bias, the measene of the I yields at central rapidity was
also performed as a function of the relative charged-partiwltiplicity at forward-rapidity. The charge
collected by the VO scintillator counters, coverin@.7 < n < —1.7 and 28 < n < 5.1, was used as
multiplicity estimator in this case. The multiplicity vadiNyg was evaluated by dividing the collected
charge by the expected average minimum-ionizing-partitiarge. The B yields were evaluated in
intervals ofNyg, and corrected as previously described and summarised.ifil. EGhe relative yields
of D mesons are presented in Fig. 5 as a function of the relatianmaultiplicity measured with
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Figure 2: D% D* and D' meson relative yields for eagh interval as a function of charged-particle multiplicity
at central rapidity. The relative yields are presented @nttp panels with their statistical (vertical bars) and
systematic (boxes) uncertainties, except for the feedndmaction uncertainty that is drawn separately in the
bottom panels. Bmesons are represented by red circles, iy green squares, and“Dby blue triangles. The
position of the points on the abscissa is the average val(#Ngh/dn ) /(dNcy/dn). For D" and D™ mesons the
points are shifted horizontally by3% to improve the visibility. The diagonal (dashed) linelsosshown to guide
the eye.

the VO countersNyo / (Nvo). The statistical (systematic) uncertainties are repteseby the vertical
bars (empty boxes). The systematic uncertainties due toathegield extraction and the B feed-down
contribution were determined as explained in $ed. 4.3. Tleenainty due to the unknown feed-down
fraction evolution with the charged-particle multipliciis drawn separately in the bottom panels. The
points are located on theaxis at the average value of the relative mean muItiplidbi%/(Nvo>. The
uncertainty on the mean multiplicity valuesyo, was determined by comparing the mean and median
values of the distributions. It was found to be below 3% farhemultiplicity interval, and about 24%
for the multiplicity integrated value. The uncertainty dko/(Nvo) is not displayed on this figure.
These results are also summarised in Tables A.3[ant A.4. PhelBtive yields increase with the
relative uncorrected multiplicity at forward rapidity, aeasured with the VO detector. The results in the
2 < pr <4 GeV/cand 4< pr < 8 GeV/cintervals are compatible within uncertainties. The reswith

the VO multiplicity estimator indicate that the increasealhs D-meson yield with the event multiplicity
observed with the mid-rapidity estimator is not relatedhe fact that charmed mesons, originating
from the fragmentation of charm quarks produced in harcopértscattering processes, and the charged
particle multiplicity are measured in the same pseudadigprange. A qualitatively similar increasing
trend of D-meson yield with multiplicity is indeed observaldo when am gap is introduced between
the regions where the D-mesons and the multiplicity are oreds

5 Non-prompt J/ ¢ analysis
5.1 Non-promptJ/{ reconstruction

The fraction of non-prompt/Jy in the inclusive Jy yields, fg, was measured as a function of the
charged-particle multiplicity by studying displacef/dmesons that decay into electron pairs in the ra-
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Figure 3: D% D* and D' meson relative yields for eagh interval as a function of charged-particle multiplicity
at central rapidity. The relative yields are presented @nttp panels with their statistical (vertical bars) and
systematic (boxes) uncertainties, except for the feedndmaction uncertainty that is drawn separately in the
bottom panels. Bmesons are represented by red circles, iy green squares, and“Dby blue triangles. The
position of the points on the abscissa is the average val(#Ngh/dn ) /(dNc/dn). For D" and D™ mesons the
points are shifted horizontally by3% to improve the visibility. The diagonal (dashed) linelsosshown to guide
the eye.

pidity rangely| < 0.9. This measurement, combined with the inclusiyg Jelative yield ], provides
the multiplicity dependence of the production of beautyrbad. J ¢ candidates were formed by com-
bining pairs of opposite-sign electron tracks. The tracksenrequired to haver > 1 GeV/c, at least
70 (out of a maximum of 159) associated space points in the WiCa x?/ndf of the momentum fit
lower than 2, and to point back to the primary interactiontesewithin 1 cm in the transverse plane.
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The tracks were also required to have at least one assotiiteadhe SPD detector, with the constraint
that one of the two tracks should have a hit in the first SPDrldiiectron identification was based only
on the TPC information. A selection @f30 around the expected mean values of the specific energy
deposit & /dx for electrons was used. To further reduce the backgrousa.so (+30) exclusion band
around the expected mean specific energy deposit for pioo(j3) was also applied. In order to reduce
the combinatorial background, electron candidates cabipatogether with a positron candidate, with
being products of-conversions (invariant mass below 100 Me&¥) were removed.

The measurement df is based on a statistical discrimination gi/dmesons produced at a secondary
vertex displaced from the primary pp collision vertex. Tigned projection of the Ay flight distance

onto its transverse momentum vectps, was constructed ds,y = <E- ﬁT) /T, wherelL is the vector

from the primary vertex to the/d decay vertex. The pseudo-proper decay Iemﬁh(c- Lyy - m) / pr
was calculated from the observed decay length using thelvesdrage d massm(J/ ) = 3096916+
0.011 MeV/c? [@] The fraction of non-prompt/d) can be determined from a 2-dimensional un-binned
log-likelihood fit tox and the unlike-sign di-electron invariant mass distritnsi. The fit procedure and
the functions used to describe the invariant mass and thaelpgaoper decay length distributions were

introduced in].

The fraction of non-prompt/Jy as a function of the relative charged-particle multipjicitas determined
for pr > 1.3 GeV/c in five multiplicity intervals in theNgackiets range [4,49. The Nyackiets € [1,3]
range was excluded from this analysis due to the poor psprajer decay length resolutioR(x), and

the presence of a bias in the determinatiorx @f the case of non-prompt candidates. The resolution
of the pseudo-proper decay length is determined with MordgdoCsimulations evaluating the RMS
of the x distributions of reconstructed promptly producedyJmesons. The event primary vertex can
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Figure 5: D® meson relative yields dy| < 0.5 for two pr intervals as a function of the relative charged-particle
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shown to guide the eye.

be computed with or without removing the decay tracks of th¢g dandidates. The removal of the
decay tracks causes a degradation of the resolutiog @specially in the low-multiplicity intervals, as a
conseqguence of the lower precision in the determinatioheptimary vertex with a reduced number of
tracks. For simulated events with non-prompiyJ the removal of the decay tracks also results in a shift
of the primary vertex position away from the secondary deayex of the beauty hadrons, which is
reflected in a systematic shift of the mean of ttastribution. However, one should consider that beauty
quarks are always produced in pairs: the two decay tracks fre non-prompt-dp, when included,
pull the primary vertex towards the beauty hadron decayexetiut the charged tracks from the decay
of the second beauty quark, which enter in the barrel acoeptaull the primary vertex in the opposite
direction. The shift is larger in the lowest multiplicityrbwhere it reaches about 36n. This bias

is reduced when the/ decay tracks are kept in the evaluation of the primary verfexe effect of
the bias, estimated with Monte Carlo simulations, is a rédnmf the measuredgi by about 20% for
events WithNyackiets = 4, and it becomes negligible fdMyackiets> 10. Therefore, the primary vertex
was computed considering all reconstructed tracks. Tcecbifor the remaining bias, a modification
in the resolution functionR(x), used to describe the non-promgdin the likelihood fit function was
introduced, which depends Myackiets In particular, the shape of the resolution function wasistéid to
obtain a good matching between the function used to destréaon-prompt A in the likelihood fit

(a convolution of a template of thedistribution of J ¢ from beauty hadron decays with the resolution
function @]) and the pseudo-proper decay length distidbuof reconstructed secondaryyd from
Monte Carlo simulations.

Figure[® presents the invariant mass and pseudo-propey tagth distributions fopr > 1.3 GeV/c
for each multiplicity interval together with a projectiofitbe result of the log-likelihood fit.

1 This shift would be greater than 50m in theNyackietsinterval[1, 3], leading to a large bias on the extractigdvalue (up
to 35%). The correction for this bias would introduce a lasgstematic uncertainty.
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Figure 6: J/y invariant mass and pseudo-proper decay length distrisiiio several multiplicity intervals with
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include the prompt and non-prompt contributions to theusisle yields with dotted and long-dashed lines. In
the plots thex? per degree of freedom values computed for the binned digioib and the maximum likelihood
function projection are indicated.
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5.2 Corrections

For all multiplicity intervals, the measured fraction ofmprompt Jy, fi, was corrected using the
acceptance and reconstruction efficiency of pronitcx €)promps @nd non-prompt Ay, (Accx €)g,

as 1
—_— / -
o — <1+1 fp _(Accxe)s ) . @)

Here all terms refer to non-prompfy) with pr > 1.3 GeV/c. The corrections for acceptance and
efficiency were computed using Monte Carlo simulationsgitiie GEANT3 transport coda60]. Prompt
J/ W were generated withjgr distribution extrapolated from CDF measurements [16] apndiatribution
parameterised with the Colour Evaporation Model (C%, Beauty hadrons were generated using
the PYTHIA 6.4.21 event generator [30] with Perugia-0 | The acceptance times efficiency values
for prompt and non-prompt/& have a minimum of 8% gty = 2 GeV/c and a broad maximum of 12%
atpr =7 GeV/c [@p] The relative difference in efficiency between promptaon-prompt Jy is
only about 3%. The ratigAccx €)g/(Accx £)promptis assumed to be independent of multiplicity. The
uncertainty related to this assumption is discussed in ¢xésection.

The measured non-prompty fractions were extrapolated fropy > 1.3 GeV/c down topr = 0 using

e 18°%%pr>0)

fg " 0) =a®".f 1.3 GeV/o); =
(pr > 0) = o™= fa(pr > Vi a fge%e!(pr > 1.3 GeV/c)’

3)

where mede' represents a functional form modelled on existing data. d$ walculated as the ratio of
the dlfferentlal cross section of non-prompft/] as obtained with FONLL calculations| [7], to that of
inclusive Jy, parameterised by the phenomenological function defin

2 gFONLL dzaphenom
fénodel( pT) — J/l»UFhB Jw ) (4)

dydpr dydpr
A combined fit to the existing results dig in pp collisions at 7 Tevﬂd:{ﬂsﬂas] in the rapidity bin
closest to central rapidity was performed to determine traupeters of the phenomenological param-
eterisation. The extrapolation factor obtainedr®" = 0.99795 Its uncertainties were determined by
repeating the fit byi) excluding the LHCb data points at forward rapidities, &ifdusing for the non-
prompt J cross section the upper and lower uncertainty bands of tHéLEQpredictions, obtained
by varying the factorisation and renormalisation scalesteiad of the central values. The uncertainties
were determined by the maximum and minimarfi"" values obtained from these fit variations. The
fractions in all multiplicity intervals were extrapolateding the same® value, evaluated from the fit
of the multiplicity integrated measurements.

5.3 Systematic uncertainties

The systematic uncertainty introduced by the experimeatalution on the primary vertex position was
evaluated by repeating the fitting procedure in two altéreavays:(i) the primary vertex was evaluated
without removing the decay tracks of théyd candidates. The fit was performed using the standard
resolution function for non-prompt/@, that does not depend on multiplicity, but tkelistribution of

the non-prompt Ay was shifted by a multiplicity-dependent value, which watedained by the Monte
Carlo simulation. (i) The event primary vertex was computed after removing theydéacks of the

J/ @ candidates and the fit was performed using the correspodéigiided resolution functid®(x) and
without any shift. The resulting uncertainties decreadh imicreasing multiplicity, ranging from 19% in
the lowest multiplicity interval to 3% at the highest muligties.

The uncertainty related to the extrapolationfgffrom pr > 1.3 GeV/c to pr > 0 was estimated with
the method discussed above and it is about 3%. This uncarisas assumed to be uncorrelated among
the multiplicity intervals.
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The resolution function used in the fits is based on MontedCsirhulations, which might introduce
systematic effects. These were estimated by repeatingthkkklihood fits modifying the resolution
function, R(x), according to(1/(1+9)) - R(x/(1+ d)), whered is the relative variation of the RMS of
the resolution function, and it was varied fror0.1 to +0.1 to take into account the uncertainties in
the Monte Carlo description. The systematic uncertainty uthe resolution function increases with
multiplicity from 8% to 20%.

The pr distribution of the signal candidates (prompt and non-gbdiy) could depend on the event
multiplicity which could affect the shape of the resolutifmction which depends on th¢) pr. The
averagepr of the signal candidates was estimated from data in eachpfiityy interval and found to
be constant as a function of event multiplicity within sééiial uncertainties abotdt10%. The influence
of a (pr) variation on the resolution function was determined usingndé Carlo simulations: ther
distribution was changed, considering softer or hamgedistributions, in order to obtain#10% varia-
tion of the (pr). The corresponding variations obtained for the RMS of tiselt¢ion function are+7%
and—8.5% for the softer and hardey; distribution, respectively. The latter variations arehivitthose
guoted for the resolution function:(L0%), therefore no additional uncertainty was included.

The acceptance times efficiency values of prompt and nomypird/ (y reconstructed fopr > 1.3 GeV/c
are of the order of 10% and differ by 3%. The influence of pheshape assumed in the simulation on
the ratio (Accx €)g/(Accx &)prompt Was evaluated by varying the average of the simulated dy
distributions within+50%. A 1% variation in the acceptance was obtained both fompt and non-
prompt J . The corresponding variation obtained finthrough the Ed.12 is about 1%.

The pseudo-proper decay length shape of the combinat@ikigbound was determined by a fit to the
distribution of the candidates in the sidebands of the iavmnass@O]. By varying the fit parameters
within their errors an envelope of distributions was oldinwhose extremes were used in the likelihood
fit to estimate the systematic uncertainty. It increasehtyi with multiplicity, ranging from 1% to 5%.

The uncertainty on the background invariant mass shapehwiéas determined by fits to the invariant
mass distributions of opposite-sign candidates in eachipticity bin, was evaluated by using like-sign
distributions instead, adopting the same procedure asibeddn m)]. The systematic uncertainty is
about 7%, independent of the charged-particle multiglicit

The shape of the distribution of J¢ from b-hadrons was evaluated using PYTHIA 6.421 [30]. The
systematic uncertainty on its shape was compute@)hghanging the b-hadron decay kinematic, using
EvtGen [@l] instead of PYTHA 6.4.21 @ii) by assuming a harder and a softer b-hadsplistribution,
resulting in a(pr) variation of aboutt15%. The resulting systematic uncertainty is about 3%, teois
with multiplicity.

The signal invariant mass shape was fixed from the Monte Garlalation which includes the detector
resolution effects and the radiative decays using the Erv@] package. The effect on the invariant
mass signal shape due to the uncertainty on the detectoriahates studied with dedicated Monte
Carlo simulations, where the detector material budget veaied by+6% with respect to the nominal
values [Eb[?IO]. The resulting systematic uncertaintyf@is 3% in the lowest event multiplicity interval
and 5% in the highest one.

The systematic uncertainties on the pseudo-proper deogghlef the combinatorial background, on
the pr-extrapolation uncertaintg®" and on the invariant mass shape of background are found or, in
the case otr®, assumed to be uncorrelated among multiplicity intervalee remaining systematic
uncertainties are (fully or partially) correlated in diéat multiplicity intervals.
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5.4 Results
The relative yield of Jy from beauty hadron decays as a function of the chargedsfgartiultiplicity
was evaluated from the inclusivg(y yield and the fraction of non-prompf @ per multiplicity interval:
t
dN‘?/olLkpromp/dy B dNJ/lp/dy fB

= . ) 5
<dN31/ourll—prompt/dy> <dNJ/lp/dy> (fg) ©)

fg is the fraction of non-prompt/d in each multiplicity interval,(fg) is the fraction in the multi-
plicity integrated sampl 0], an@UNJ/w/dy)/<dNJ/w/dy> is the inclusive Jy relative yield mea-
sured forpr > 0 in each multiplicity interval normalized to its value ineilastic pp coIIisions@O].

In the first charged-particle multiplicity clas;ackiets € [4,8], which is used for the non-prompf ¢
analysis presented here, the relative yield of inclusjug dormalized to the inelastic cross section is
(dNyy /dy) /(dNy/y /dy) = 0.41+0.07(stah == 0.01(sysh. The values offg extrapolated tqr > 0 were
used in EqLB, providing the non-promptyd relative yields forpr > 0. The relative yields of inclusive

J/ W were also recomputed fgr > 1.3 GeV/c and no difference was observed with respect to those for
pr > 0 within the uncertainties.

The results for the fraction of non-prompty for both pr > 0 andpr > 1.3 GeV/c, the relative yields
of prompt and non-prompt/d in each multiplicity bin forpr > 0 are summarized in Tables'A.5 dndA.6
and shown in Fid.17.
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Figure 7: Non-prompt Jy fraction as a function of the relative charged-particletiplitity at central rapidity

for pr > 1.3 GeV/c. The vertical bars represent the statistical uncertaintidile the empty boxes stand for the
systematic uncertainties. The width and the height of tleesety boxes indicate the measurement uncertainty on
the horizontal and vertical axis respectively. The dashexidhows the value diz measured in the sangg range

and integrated over muItipIicitE.O]. The shaded areaespnts the statistical and systematic uncertainties on the
multiplicity-integrated result added in quadrature.

6 Comparison of charm and beauty production

Figure[8(a) presents prompt D meson and inclusi# desults to compare open and hidden charm
production. The average prompt D-meson results are showimei2 < pr < 4 GeV/c interval with

18



Charm and beauty production versus charged-particle pliaity ALICE Collaboration

the pr-integrated inclusive Ay measuremerf at central and forward-rapidity by the ALICE experi-
ment @)]. A similar increase of the relative yield with theacged-particle multiplicity is observed for
open and hidden charm production both at central and forvegidiities.

Figure[8(b) superimposes the open charm and beauty produtteasurements reported in this paper
showing the average prompt D-meson results in the & < 4 GeV/c interval and thepr-integrated
non-prompt JY measurement at central rapidity. The results are compatithin the measurement
uncertainties.
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Figure 8: Average D meson and @ relative yields as a function of the relative charged-p&tmultiplicity at
central rapidity. D-meson yields are shown foz2or < 4 GeV/c, while J/ ¢ yields are forpr > 0. (a) Inclusive
J/ W results forly| < 0.9 are represented by empty black circles [40], inclusjitg desults for 25 <y < 4.0 by
black filled symbols@O], and prompt D mesons by red filledleis. (b) Non-prompt/dy results forly| < 0.9 are
represented by blue filled squares, and prompt D mesons Hilleglcircles. The relative yields are presented on
the top panels with their statistical (vertical bars) anstegnatic (boxes) uncertainties except the uncertainty on
the feed-down fraction for D mesons, which is drawn sepbrate the bottom panels. The points are located on
the x-axis at the average value(@Nc,/dn) /(dNen/dn). The diagonal (dashed) line is drawn to guide the eye.

Open charm, open beauty and hidden charm hadron relatilgsyjgesent a similar increase with
charged-particle multiplicity. The comparison of open dmdden heavy flavour production suggests
that this behaviour is most likely related to the ¢ ¢ amghfmduction processes, and is not significantly
influenced by hadronisation. The enhancement of the heavgtft relative yields with the charged-
particle multiplicity is qualitatively consistent with ¢hcalculations of the contribution from MPIs to
particle production at LHC energidﬂﬂ—zg]. It could alsodxplained by the naive picture that pro-
cesses with large momentum exchange might be associatédrgeaamount of gluon-radiation at LHC
energies, but no specific model implementation of this eé#acsts yet. The comparison of the results
with model calculations is shown in the next section.

2 After the inclusive Ji measurement was published in referencé [40], there was poweament of the ALICE measure-
ment of the inelastic cross section in pp collisions/at= 7 TeV. The improved evaluation of the inelastic cross seatioes
not rely on Monte Carlo, hence the systematic uncertairlgriger Eé]. To allow a proper comparison with the resul{soréed
here, we updated the published inclusiyggJneasurement by the corresponding change of the triggeteefic for inelastic
collisions 0.864/0.85. The normalisation uncertaintiesealso changed from3% to *5%.
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7 Comparison to theoretical calculations

Figures[#[7 an@l8 evidence a correlation between heavydflaand charged-particle multiplicities.
Heavy-flavour production is dominated by hard processedewharged-particle yields are associated
to the soft momentum scale processes. It is then interegiingmpare our results with calculations of
event generators, designed to be as close as possible tevezds in their description of the hard and
soft components. Even though several event generatorvaitatde, few of them include heavy quarks
in a consistent way. One of these is PYTH[ , 31], which Wé discussed in more detail in SEC]7.1.
In Sec[Z.2 a comparison to PYTHIA E[Sl], to the EPOS 3 , é\&nt generator results and to a
percolation model_![j,ﬁﬂ calculation are presented.

7.1 PYTHIA 8 simulations

PYTHIA 8 [@] is the C++ successor of PYTHIA ﬂ30]. One of thajor improvements in PYTHIA 8
with respect to PYTHIA 6 concerns the treatment of the MPhac®, where the ¢ and b quarks can
be involved in MPI 2— 2 hard subprocesses. This model improvement is fundammtah under-
standing of heavy-flavour production as a function of miittity, as MPI can contribute to the observed
phenomena. Here PYTHIA 8.157 simulations with the "SoftQ@ie including colour reconnection
are discussed, which will be referred to as PYTHIA 8.

Heavy-flavour production in PYTHIA 8 proceeds via four maieeshanisms(i) Thefirst (hardest) hard
processwhere the initial c/b quarks originate from the first22 hard process, mostly by gluon fusion
(gg — cc) or involving a c/b sea-quark (e.g. -eucu). (ii) The subsequent hard processes in MPI,
produced via the same mechanisms aditBehard proces$ut in consecutive interactions, that we refer
to ashard process in MPIEach produced gluon has a probability to split into a ¢ dquair contributing

to heavy-flavour production. When the initial gluon origiesfrom a hard process, either the first one or
a subsequent process (in MPI), we refer to this processi)agluon splitting from hard processwhen
the initial gluon originates from initial or final state ratibn, we refer to this process @) ISR/FSR

The contribution of the various production processes tadte D- and B-meson production in PYTHIA 8
for pp collisions at/s= 7 TeV is summarised in Taklé 2. In the following, D mesonsr&fe¢he average
of D°, DT, and D', while B mesons represent the average &f B", and B*. Initial and final state
radiation are the main contributors to open heavy-flavoodpction in PYTHIA 8, corresponding to
~ 60% for D mesons and 40% for B mesons. MPI correspond1022% of the production, while the
first hard process is contributing 12% for D mesons and 37% for B mesons. It should be noted that
in PYT%A 8 the largest contribution to hard processes cofma® ¢ sea-quarks and not from gluon
fusion [74].

Origin of ¢ and b quark content D mesons B mesons
First hard process 12% 37%
gluon fusion 3% 15%
c/b sea 9% 22%
Hard process in MPI 22% 23%
Gluon splitting from hard process 6% included in ISR/FSR
ISR/FSR 60% 40%
Remnant < 0.3% < 0.5%

Table 2: Contribution of the different production processes to tb&lt D and B meson production in
PYTHIA 8 [3d,[31] for pp collisions at/s= 7 TeV.

Figure[9 (top panels) shows the D and B-meson production asciidn of the relative charged-particle
multiplicity calculated with PYTHIA 8. The distributionof the main production processes are shown
independently. The top-left panel presents results for Bang, revealing an increasing trend of the
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Figure 9: D and B-meson relative yield as a function of the relativergbd-particle multiplicity at central rapidity
calculated with the PYTHIA 8.157 event genera@ @ 3HeTifferent ¢ and b quark production processes are
separated on the top panels: first hard process, hard priocesstiple interactions (MPI), gluon splitting from
hard processes and initial/final state radiation (ISR/F3$Rg bottom panels present the multiplicity dependence in
severalpy intervals for prompt D-meson production, on the left foralhtributions and on the right for first hard
process only. The coloured lines represent the calculdigtnibutions, whereas the shaded bands represent their
statistical uncertainties at given values0Rcn/dn ) /(dNch/dn). The diagonal (dashed) line is drawn to guide the
eye.

relative yields as a function of the relative charged-phatimultiplicity for MPI, the gluon splitting
from hard processes, and the ISR/FSR contributions. Thusrisistent with the fact that in PYTHIA 8
MPI and ISR/FSR contribute both to the total multiplicitydaio heavy-flavour production. The first hard
process contribution instead shows a weaker dependenbe amutiplicity: a slight increase is observed
at low multiplicities (d\lch/dn/<chh/dn> < 1) followed by a saturation. The picture for B mesons, on
the top-right panel, presents similar features as that ofd3ans. The trend for the first hard process
contribution shows an increase at low multiplicities andrttsaturates. The relative charged-particle
multiplicity at which the plateau sets in is higher for B thiam D mesons. The other contributions to
particle production increase faster with multiplicity Brthan for D mesons. These differences can be
understood as being due to the larger B-meson mass, all@iarger event activity in MPl and ISR/FSR
processes.

Figure[9 (bottom panels) presents the D-meson relativelyiak a function of the relative charged-
particle multiplicity in PYTHIA 8 for five pr intervals. The bottom-left panel shows the trend for the
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sum of all contributions, where an overall linear behaviswbserved, the slope of which increases with
pr. The bottom-right panel shows tipe evolution for the first hard processes only. The relative 8sam
yield decreases with multiplicity at lowr (1 < pr < 2 GeV/c), while at highpr (12 < pr < 20 GeV/c)

it exhibits a linear increase. This feature is caused in PMI8 by the fact that MPI are ordered by
their hardness, i.e. ther of the first hard scattering is an upper limit for the subsetjbard scatterings
and the related ISR/FSR. Thus, charm and beauty productitmwapr is associated mostly with low
multiplicity events, whereas heavy-flavour hadron proiurcin high pr intervals is associated to higher
multiplicity events. For completeness, the contributidi®| to the total charged-particle multiplicity
was studied. Only events with a small number of MPI conteliotthe low multiplicity intervals, while
high multiplicity events are dominated by a large number &fIMe.g. events with about five times the
average multiplicity can have more than 16 parton—partteraictions in the event.

In the following, the multiplicity dependence for D and B-so@ production including all contributions
in a givenpr interval, as shown in Fi@] 9 (bottom-left panel) for D-mesgois compared to the measure-
ments.

7.2 Comparison of data with models

Figure[Z0 shows the comparison between D-meson (averag® @'Dand D't) production and theo-
retical calculations in foupr intervals. The results of the PYTHIA E@Bl] and the EPO@@]
event generators, and of percolation calculations @1,&76]represented by the red dotted line, green
dashed or long-dashed and dotted line, and the blue doeddiste, respectively. The description of the
PYTHIA 8 setup was discussed in Sec.]7.1. Fidure 11 pregenistegrated non-prompt/d results
together with PYTHIA 8|Eb|31] calculations.

The percolation model assumes that high-energy hadrotiisions are driven by the exchange of colour
sources between the projectile and target in the colliiﬂ)@]. These colour sources have a finite
spatial extension and can interact. In a high-density enwirent, the coherence among the sources
leads to a reduction of their effective number. The sour@estrerse mass determines its transverse size
(O 1/my), and allows to distinguish between soft (light) and harelafly) sources. As a consequence,
at high densities the total charged-particle multiplicishich originates from soft sources, is reduced.
In contrast, hard particle production is less affected duthé¢ smaller transverse size of hard sources.
The percolation model predicts a faster-than-linear imseeof heavy flavour relative production with the
relative charged-particle multiplicity. The D-mesp#-integrated percolation calculation is represented
in all panels of Fig_T0, even though in this scenaripralependence of the results is expected, such that
the higher thepr of the particle the stronger the deviation from the linegrestation.

EPOS 3@2] is an event generator for various collidingteaps: pp, p—A and A-A. This event
generator imposes the same theoretical scheme in all thensysi.e. it assumes initial conditions
followed by a hydrodynamical evolution. Initial conditemre generated in the Gribov-Regge multiple
scattering framework, using the "Parton based Gribov-R&ggmalism ]. Individual scatterings are
referred to as Pomerons, and are identified with parton taddeach parton ladder is composed of a
pQCD hard process with initial and final state radiation. Niogaar effects are considered by means of a
saturation scale. The hadronisation is performed withiagsfragmentation procedure. Based on these
initial conditions, a hydrodynamical evolution can be #gblon the dense core of the collision (3+1D
viscous hydrodynamicsﬂ?Z]. An evaluation within the EP®81odel shows that the energy density
reached in pp collisions gf's= 7 TeV is high enough to apply such hydrodynamic evolutior].[F&re

we discuss the results of an EPOS 3.099 calculation withattkiylk interaction, which is a process that
produces hadrons from hard partons and quarks from the fERDS 3 without the hydro component
(green dashed line in Fig. 110) predicts an approximatelgalinncrease of D-meson production as a
function of the charged-particle multiplicity. This linescaling shows g1 dependence, as observed in
PYTHIA 8 with the colour reconnection scenario (red dottiee in Fig.[10), although the results differ

22



Charm and beauty production versus charged-particle pliaity

[

T

- oof SN ‘ ey &
_8- r ALICE '.’ I - Percolation, p_>0 ;'
S 18F pp Vs=7TeV i I - -EPOS 3.099 4 =
S D meson ! T —EPOS3.009+Hydro M E
= [ B feed-down and normalization , T .+ PYTHIA8.157 !
N [ uncertainties not shown B '
g 4F ; ¥ J E
C ‘l T '. ]
~ 12 : + E
A}_ r ‘I‘ ] "' ]
g 10F + § 3
> 8 T P
> 6 ) F s 7
N r ~ 2 ] : ;7 ]
S 4 @ﬁ’i’ + = E
2r " 1<p_<2GeVict <p <4 GevVic -
- T b 4 T 1
o 20 : T E
T qaf k a2 ; E
S, 18F /
B 16F i =3 ; E
U o
N; 14F ; T K E
. ’
- 12F § E3 3
’;.- 10F 7 + $ Y 3
J 24 P
SE: S / Ed T
o Ju” g ]
& 4 Lo + e -
ke b S T T b
~ 2r 4<p_<8GeVicT 2 8<p <12GeVic ]

0 12 3 456 7 89

12 3 45 6 7 8 9

ALICE Collaboration

(dNgy/dn) / @N_ /dn0] (dNgy/dn) / @N_/dn0]
Figure 10: Average D-meson relative yield as a function of the relatirarged-particle multiplicity at central
rapidity in differentpr intervals. The systematic uncertainties on the data nasatain (-6%/ — 3%), on the
(dNch/dn) /(dNen/dn) values ¢-6%), and on the feed down contribution are not shown in thisréig Different
calculations are presented: PYTHIA 8.157! [@ 31], EPOSt8 and without hydrdﬂDZ] and pr-integrated
percolation model[41, 73]. The coloured lines represemtticulation curves, whereas the shaded bands represent
their statistical uncertainties at given values(dRn/dn) /(dNen/dn). The diagonal (dashed) line is shown to
guide the eye.

in magnitude. In EPOS 3, a consequence of the Parton baskovaRiegge approach is that the number
of MPlIs is directly related to the multiplicity, i.€Nhard procesd] Neh O Nmpi. When the hydrodynamic
evolution is considered (green long-dashed and dotteddirég.[10), one observes a departure from a
linear multiplicity dependence which is qualitatively cpamable to that of ther-integrated percolation
calculation.

The measurements, see Hig] 10 and Eig. 11, provide evidemcanfincrease of the relative heavy-
flavour yields with the relative charged-particle multiitly which proceeds faster than linearly for high
multiplicities. This result tends to favour calculationghwa substantial deviation from linearity at high
multiplicities such as EPOS 3.099 with hydrodynamics omteecolation model.

8 Summary

Charm and beauty hadron production as a function of the edgpgrticle multiplicity was studied in
pp collisions at,/s= 7 TeV. Charged-particle multiplicity at central rapiditya® evaluated for events
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Figure 11: Non-prompt Jy relative yield as a function of the relative charged-pé&etimultiplicity at cen-

tral rapidity for pr > 0. The systematic uncertainties on the data normalisatie#?4/ — 3%) and on the
(dNch/dn) /(dNen/dn) values (£6%) are not shown in this figure. PYTHIA 8.157 [30] 31] caltida for B
mesons is also presented. The coloured line representslthéation curve, whereas the shaded band represents
its uncertainty at given values 6Nc,/dn) /(dNeh/dn). The diagonal (dashed) line is shown to guide the eye.

with at least a charged particle in the interfal < 1.0. Prompt ¥, D™ and D" meson yields were mea-
sured at central rapidityy{ < 0.5) in their hadronic decay channels in fipe intervals, from 1 GeYc

to 20 GeV/c. The increase of the relative yield with increasing chasgadicle multiplicity was found

to be similar for D-meson species in all investigaggdintervals. The average of the’DD* and D"
relative yields increase with the relative charged-pltioultiplicity faster than linearly at high multi-
plicities. No pr dependence is observed within the current statistical gsgti:atic uncertainties. A
relative yield enhancement of about a factor of 15 with respe the multiplicity integrated value is
observed for events with six times the average chargedtfgarhultiplicity. Prompt ¥ relative yields
were also measured as a function of the relative chargdatpamultiplicity determined in the pseudo-
rapidity intervals—3.7 < n < —1.7 and 28 < n < 5.1. The results were found to be consistent with those
obtained using the charged-particle multiplicity meadusecentral rapidity. 4 inclusive yields were
measured earlier at central rapidity|(< 0.9) in their di-electron decay channm40]. The non-prompt
J/ contribution was evaluated fgrr > 1.3 GeV/c, and extrapolated tpr > 0. The non-prompt 2y
fraction does not show a dependence on the charged-partidiglicity at central rapidity.

Open charm, open beauty, and hidden charm hadron yieldbieatsimilar increase with the charged-
particle multiplicity at central rapidity. This suggestsat heavy-flavour relative yields enhancement is
not significantly influenced by hadronisation, but moreljikdirectly related to the ¢ ¢ and lproduction
processes. The heavy-flavour relative yield enhancememfuasction of the charged-particle multiplic-
ity is qualitatively described by(a) PYTHIA 8 calculations including the MPI contributions torpele
production @7 9](b) percolation model estimates of the influence of colour ahasgchanges during
the interaction@ 3]c) predictions by the EPOS 3 event generator which provideseriggion of the
initial conditions followed by a hydrodynamical evolutiﬂ, ]. However, the PYTHIA 8.15@@31]
event generator seems to under-estimate the increase \of fi@aour yields with the charged-particle
multiplicity at high multiplicities. Alternatively, the lmserved multiplicity dependence might be ex-
plained by the picture that particle production via shostalice processes is associated with larger gluon
radiation.
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A Tables of the results

Table[A.2 reports the results of the relative average D-mgsalds per inelastic collision as a function
of the relative charged-particle multiplicity at mid-rdf in several D-meson transverse momentum
intervals, see Fid.]4. The corresponding relative averageeBon yields normalised to the visible cross
section instead of the inelastic one are presented in Taflle A

Table[A.4 summarises the relative’® Dields per inelastic collision as a function of the relatizsv
multiplicity measured with the VO detector at forward rapidsee Fig[h. These relative’ields are
also presented in Tatdle’A.3 normalised to the visible crestan.

Table[AD reports the fraction of non-prompftydto the inclusive Jy yields as a function of the relative
charged-particle multiplicity at mid-rapidity, see IFig The relative prompt and non-promptyl yields
per inelastic collision are reported in Table A.6, while [EdA.H presents these yields normalised to the
visible cross section.
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Nirackletsinterval

[1,8] [9,13] [14,19] [20,30] [31,49] [50,80]

pr (GeV/c) (d°N/dydpr) /(d”N/dydpr) x euigger

1-2 039+0.09+0.05°5%  0.94+021+011°53%  1.45+0.36+£0.15'035 3.60+£0.66+0.40"037 5.33+1.59+0.62"9 -

2-4 018+0.01+0.0170%  0.91+0.05+£0.06"3%; 1.94+0.10+0.11701 364+£0.16+0.15075 7.67+£0.48+0.400,, 1404+£221+17973 .4

0.01 0.06 0.09 0.12 0 0

4-8 015+0.01£0.0175%0  1.01+£0.04+0.0630% 1.95+008+0.107097 4.13+0.12+£0227522  9.36+£0.39+045'9,5 1694+1.60+1.45 .
8-12 014+0.02+£0.0175%"  0.69+£0.07+£0.057003 241+0.15+0.1591% 4.27+0.25+£0.26'013  8.74+0.72+ 05770 ;¢ -

12-20 - - 214+0.30+0.26"2%  4.15+051+0.43759% 1160+1.59+1.18"9,, -

Table A.1: Average of ¥, D* and D' mesons relative yields for the sum of particle and antipkertn several multiplicity angby intervals for pp collisions ay/s= 7 TeV

as a function of the relative charged-particle multiplicit central rapidity. The values are reported together thidir uncertainties, which are quoted in the the order:
statistical, systematic and feed-down contribution utadeties. The yields reported here are not corrected byribger selection efficiency, they are normalised to the
visible cross section.

(chh/dn) <chh/d’7>

0.03 0.07 0.10 0.15 0.23 0.35
0.4575%3 118397 178219 2.637513 4.01923 6.117935
pr (GeV/c) (d°N/dydpr) /{d"N/dydpr)
1-2 045+0.11+£0.059%  111+025+013"5%; 170+0.43+0.18"012 4.24+0.78+047"332 6.27+1.87+0.73"9 . -
2-4 021+0.02+£0.017392  1.08+0.06:+£0.06"558 228+0.12+£0.13"012 4.28+£0.19+0.17"078  9.02+£057+£047"0,  1651+2.60+£2.1179
4-8 018+0.01+£0.0175%9"  1.18+0.05+£0.07755, 230+£0.09+0.12"011 4.85+£0.15+£0.26"075 1102+0.46+053"2 . 1992+1.89+1.7179,;
0.01 0.05 0.13 0.17 0
8-12 016+0.02+£0.017303 0.81+0.08+0.06"053 2.84+0.17+0.18'513 5.02+£0.29+0.3173%] 1028+0.85+0.679,, -
12-20 - - 52+0.35+£0.307 0 4.88+0.61+0.517931 1365+1.87+1.38"9,, -

Table A.2: Average of ¥, D* and D" mesons relative yields for the sum of particle and antiplrth several multiplicity angbr intervals for pp collisions ay/s= 7 TeV
as a function of the relative charged-particle multiplicitt central rapidity. The values are reported together Wi#ir uncertainties, which are quoted in the the order:

statistical, systematic and feed-down contribution utateties. The yields reported here are per inelastic event.
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ce

Nvo/(Nvo)
0.43 1.0 1.5 2.2 33
pr (GeV/<) (d°N/dydpr)/(d*N/dydpr) x &rigger
2-4 015-+0.02+0.0170% 0.65+0.07+0.037055 1.28+0.11+0.0770%5 2.81+0.154+0.117013  4.22+0.334+0.247]
4-8 017-+0.02+0.0170% 0.80+0.07+0.047057 1.50+0.12+0.087013 2.57+0.154+0.14"03% 4.53+0.34+0.2472

Table A.3: DY meson relative yields for the sum of particle and antipkatic several multiplicity andpr intervals for pp collisions a{/s = 7 TeV as a function of the
relative average multiplicity in the VO detectho/(Nvo>. The yields reported here are not corrected by the trigdecten efficiency, they are normalised to the visible
cross section.

Nvo/(Nvo)
0.43 1.0 1.5 2.2 3.3
pr (GeV/o) (d®N/dydpr) /(d*N/dydpr)
2-4 018+0.02+0.0170% 0.76+0.08+0.047057 1.50+0.13+0.08707; 3.31+0.184+0.13"072 4.96+0.38+0.28"2 ¢
4-8 020-+0.02+0.0170% 0.94+0.09+0.05705% 1.76+0.14+0.097012 3.02+0.184+0.16073 5.33+0.40+0.29"7 4

Table A.4: D° meson relative yields for the sum of particle and antipketic several multiplicity andpr intervals for pp collisions at/s= 7 TeV as a function of the
relative average multiplicity in the VO detect®dyo / (Nvo). The yields reported here are normalised to the inelagtisscsection.
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Niracklets fa(%) 5" (%) (de/rg,mp[/ dy) / <dN5r$mp(/ dy) x Enigger (dN;i,mpmmp[/ dy) / <dN;0¢T promp(/ dy) x Enigger
48] 101+7.8+25 102+7.9+25 0.37+0.07+0.01 024+0.20750;
[9,13] 208+6.9+27 209+£6.9+27 0.80-£0.14+0.04 120+0.39°31%
[14,19] 156+£6.3+£20 157+63+20 195+ 0.31+0.24 20640847537
[20,30] 167+6.7+3.3 168+6.7+3.3 261+0.46+0.27 299+ 1237552
[31,49] 1904+119+42 190+120+4.2 6.50+ 1.50+0.31 870+5.75' 151

Table A.5: Fraction of non-prompt/Jy measured fopr > 1.3 GeV/c, fg(%), and extrapolated down for > 0,
f&X(%) in the varioudNiackietsintervals. Prompt and non-promptyl relative yields forpr > 0 are also reported

in the different multiplicity intervals. The first and sea@bancertainties correspond to the statistical and systemat
uncertainties, respectively. The yields reported hereateorrected by the trigger selection efficiency, they are
normalised to the visible cross section.

(dNen/dn ) / {dNen/dn) - (AN /dy) /(dNSTTP7/dy) - (NG PP dy) / (dNGR P dy)

Iy I/ w w
0.63"57 0.44-£0.08£0.01 028+0.2370%
118007 0.94+0.17+0.05 141-+0.461922
178751 2.29+0.36+0.28 2424099104
2637073 3.07+0.54+0.32 352+ 145980
4017653 7.6541.76+0.36 1024+ 6.76" -5

Table A.6: Prompt and non-prompt relativé J relative yields forpr > 0 in the in different multiplicity bins.
The first and second uncertainties correspond to the @tatiand systematic uncertainties respectively. The gield
reported here are normalised to the inelastic cross section
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