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generators.

arXiv:1605.06963v1 [nucl-ex] 23 May 2016

(© 2016 CERN for the benefit of the ALICE Collaboration.
Reproduction of this article or parts of it is allowed as sfied in the CC-BY-4.0 license.

*See AppendikA for the list of collaboration members


http://arxiv.org/abs/1605.06963v1
http://creativecommons.org/licenses/by/4.0

D-meson and charged-particle azimuthal correlations iampp—Pb collisions  ALICE Collaboration

1 Introduction

The study of the azimuthal correlation of D mesons and clobuggaticles produced in a proton-
proton (pp) collision provides a way to characterize chamedpction and fragmentation processes.
Perturbative QCD calculations relying on the collineartdaisation approach, like FONLL][1] and GM-
VENS [2], or based on thler-factorisation approachl[3] describe reasonably well withe uncertainties
the transverse-momentunpr()-differential production cross sections of D mesons frdmarm-quark
fragmentation (referred to as “prompt” D mesons) measuteckmtral rapidity ) using the ALICE
detector [[4,.5]. Though these calculations represent tite sff the art for the computation of,y)-
differential cross sections of charm quarks and charmedbhadthe kinematic relationship between D
mesons and particles from charm fragmentation and from ridenlying event is accessible only with
event generators coupled with parton-shower Monte-Cadgrams like those provided by PYTHIA][6]
and HERWIG [[T]. The order of hard-scattering matrix elersamged, the specific implementation of
parton shower and hadronisation, as well as the modelingeotibhderlying event have an influence on
the angular correlations of D mesons and charged partictekiped in the event.

For events with a charm quark-antiquark pair produced badack in azimuth, as in leading order (LO)
QCD processes, the angular correlation of D mesons andeathgayticles (i.e. the distribution of the
differences of the azimuthal angles¢ = ¢.n — ¢p, and pseudorapiditieddn = neh — Np) features a
“near-side” peak arountA¢,An) = (0,0), originating from the jet containing the “trigger” D meson,
and an “away-side” peak arourlst) = 11, generated by the recoiling jet, which can also include the
decay products of the other charmed hadron produced in th€@o. The away-side peak extends over
a wide range imM\n. The two peaks lie on top of an approximately flat distribatateriving from the
correlation of D mesons with charged particles from the dgaey event. Next-to-leading order (NLO)
production processes can give rise to significantly diffecrrelation patterns [B8] 9]. For example, the
radiation of a hard gluon from a charm quark can smear the-tmablack topology of LO production
and broaden both the near- and the away-side peak. In agditi@rk-antiquark charm pairs originated
from the splitting of a gluon can be rather collimated angeesally at highpr, may generate sprays of
hadrons contributing to a unique and broader “near-sidek jpé the azimuthal correlation of D mesons
and charged particles. This may also result in a broaderfittge@way-side peak due to the contribution
of associated particles coming from the fragmentation e@fécoiling parton (typically a gluon or a light
quark). Finally, for hard-scattering topologies classifées “flavour excitation” (see e.d./[9]), in which
a charm quark (antiquark) from an initial splittirgg— cc undergoes a hard interaction, the hadrons
originating from the antiquark (quark) can be significastyparated in rapidity with respect to the trigger
D meson and contribute with a rather flat term to Mfge-correlation distribution.

Correlations between D mesons were measured at the LHC ioligpans at,/s= 7 TeV [10], providing
information on charm production mechanisms and on the ptiegeof events containing heavy flavours.
Azimuthal correlations of electrons from heavy-flavour tweddecays and charged particles were also
exploited to study the relative beauty contribution to tlogydation of electrons from heavy-flavour
hadron decays in pp collisions at RHIC and at the LHC [11, 1Ejnally, two-particle azimuthal
correlations play a crucial role in the investigation of thedification of jet-production properties in
relativistic heavy-ion collisions, at both RHIC and LHC egies [13£15]. The observation of the
suppression of the away-side correlation peak was asdiibealtonic in-medium energy loss, providing
important constraints to the dependence of the energy todgealistance covered by partons in the Quark
Gluon Plasma (QGP) formed in these collisions. The measemeof azimuthal correlations in pp and
p—Pb collisions serve as a reference to quantify possibMdifroations in Pb—Pb collisions.

The angular distribution of particles produced in an everggnsitive to collective effects that correlate
particle production over wide phase-space regions. Thaiicularly relevant in Pb—Pb collisions

with non-zero collision impact parameter, where the azirmauasymmetry of the overlapping region of
the colliding nuclei gives rise to anisotropic pressuredgrats inducing an anisotropy in the azimuthal
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distribution of particle momenta [16,17]. The main compunef the Fourier decomposition used to
describe the resulting¢ distribution of two particle correlations is th@%order term, proportional to
cog2A¢), called elliptic flow orv,. Given that correlations induced by the collective motidrthe
system extend over large pseudorapidity ranges, theieffiptv term manifest itself with the presence
of two long-range ridge-like structures in the near and asidgs of two-particle angular correlations.
Unexpectedly, similar long-range correlation structusese observed in high-multiplicity pp and p—Pb
collisions at the LHC[[1E8-23]. Also in central d—Au collisi® at RHIC [24], 25] similar results were
obtained, although contributions from jet-like corredais due to biases on the event selection could
not be excluded [26]. The origin of sush-like structures is still debated. Positive values in high-
multiplicity pp collisions and p—Pb (d—Au) collisions at ILHRHIC) are expected in models including
final-state effects [27=31], as well as initial-state effgelated to the Color Glass Condensate [32] or to
gluon bremsstrahlung by a quark-antiquark string [33]. Adification of the azimuthal correlations
of D mesons and charged patrticles in p—Pb with respect to pigicos could be a signal of the
presence of long-range-like correlations also for particles originating from Hescattering processes,
complementing the information obtained from correlatiohdight-flavour particles, which, at lovpr,
are mostly produced in soft processes. The D-masedifferential production cross section in p—Pb
collisions at,/Syy = 5.02 TeV was measured with the ALICE experiment in the inteofafapidity in
the nucleon-nucleon centre-of-mass systefh96 < ycms < 0.04 [34]. The data are compatible, within
uncertainties, with a Glauber-model-based geometricirerof a pp collision reference obtained from
the cross sections measured\& = 7 TeV and./s= 2.76 TeV. This observation suggests that, in
p—Pb collisions, nuclear effects are rather small for D meso the 1< pr < 24 GeV/c range of the
measurement. However, they could still affect angularatations as observed at RHIC for azimuthally-
correlated pairs of electrons and muons from decays of Rgavgur hadrons in d—Au collisions at
V/Sw = 200 GeV [35]. A madification of the azimuthal correlation advy-flavour particles in p—Pb
collisions could be expected at the LHC due to gluon satmaiti the heavy nucleus [36]. Moreover,
transport models based on the Langevin equatioh [37, 38fleacribe, within uncertainties, the nuclear
modification factor of D mesons measured in p—Pb collisianthe LHC and that of electrons from
heavy-flavour hadron decays measured in d—Au collisionsHHCRB39]. These models assume the
formation of a small-size QGP in p—Pb and d—Au collisions imatlide the possibility of heavy-flavour
hadron formation via coalescence of heavy quarks with tared light quarks from the medium. These
transport calculations predict a positive D-mesgrin central p—Pb collisions. As an example, in the
case of the POWLANG mod€l[37] the maximum expectation fer28% most central p—Pb collisions
is v ~ 5% atpt = 4 GeV/c. A finite v, of muons from heavy-flavour hadron decays in high-multiflic
p—Pb collisions was also suggestedin [21] as one of thelpbisss for reconciling the measured values
of v, of inclusive muons with the expectations based on the rphltise transport model AMP[T [40].

In this paper we report the first measurements of azimuthatkedions of prompt D mesons and charged
primary particles in pp and p—Pb collisions g6 = 7 TeV and,/S\ = 5.02 TeV, respectively. In
what follows, primary particles are defined as particlegingted at the collision point, including those
deriving from strong and electromagnetic decays of unstphtticles, and those from decays of hadrons
with charm or beauty. The paper is organized as follows. Icti&e[2 the data samples used and
the details of the ALICE experimental apparatus relevanttie analysis are described. The analysis
strategy, the D-meson signal extraction, the associasetf-selection criteria, and the corrections applied
to measure the correlations between D mesons and chargedrprparticles are reported in Sect[dn 3.
In the same section, the fit procedure adopted to quantifigdnelation peak properties is described.
Section 4 reports the systematic uncertainties affectiegnieasurement. The results are discussed in
Sectiorlb. The paper is then concluded by a summary.
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2 Experimental apparatus and data samples
2.1 The ALICE detector and event selection

The ALICE apparatus [41, 42] consists of a central barrel egded in a 0.5 T solenoidal magnetic

field, a forward muon spectrometer, and a set of detectoatdddn the forward- and backward-rapidity

regions dedicated to trigger and event characterizatitve. ahalysis reported in this paper is performed
with the central barrel detectors. Charged tracks are stagried with the Inner Tracking System

(ITS), consisting of six layers of silicon detectors, and ffime Projection Chamber (TPC). Particle
identification (PID) is based on the specific energy I08#&& in the TPC gas and on the time of flight

from the interaction vertex to the Time Of Flight (TOF) datac The ITS, TPC and TOF detectors

provide full azimuthal coverage in the pseudorapidity nveé|n | < 0.9.

The pp data sample consists of about18 minimum-bias events, corresponding to an integrated
luminosity of Liy =5 nb1. These collisions are triggered by the presence of at lesstd in one

of the VO scintillator arrays, covering the range8.7 < n < —1.7 and 28 < n < 5.1, or in the Silicon
Pixel Detector (SPD), constituting the two innermost layef the ITS, with an acceptance [of| < 2
(inner layer) andn| < 1.4 (outer layer). The p—Pb data sample consists of abdutrifimum-bias
events, corresponding to an integrated luminosity of alhgut= 50 ub~2. In this case the minimum-
bias trigger requires signals in both the VO detectors.

Only events with a reconstructed primary interaction vevtghin =10 cm from the centre of the detector
along the beam line are considered for both pp and p—Pbioakis For p—Pb collisions, the center-of-
mass reference frame of the nucleon-nucleon collision iféeshin rapidity by Aynny = 0.465 in the
proton direction with respect to the laboratory frame, du¢he different per-nucleon energies of the
proton and the lead beams.

Beam-gas events are removed by offline selections baseddimtimng information provided by the VO
and the Zero Degree Calorimeters (two sets of neutron arntdrpealorimeters located around 110 m
from the interaction point along the beam direction), areldbrrelation between the number of hits and
track segments in the SPD detector.

The minimum-bias trigger efficiency is 100% for events withmi2sons withpr > 1 GeV/c for both

pp and p—Pb data sets. For the analyzed data samples, trebititgbof pile-up from collisions in
the same bunch crossing is below 4% per triggered pp evenbelod the per-cent level per triggered
p—Pb event. Events in which more than one primary interactirtex is reconstructed with the SPD
detector are rejected, which effectively removes the impé-bunch pile-up events on the analysis.
The contribution of particles from pile-up of pp collisiomsdifferent bunch crossings is also negligible
due to the selections applied to the tracks used in this sisadyd the large interval between subsequent
bunch crossings in the data samples used.

2.2 Monte Carlo simulations

Monte-Carlo simulations including a complete descriptidrihe ALICE detector are used to calculate
the corrections for the azimuthal-correlation distribng evaluated from data. The luminous region
distribution, the conditions of all the ALICE detectorsdatheir evolution with time during the pp and
p—Pb collision runs are taken into account in the simulatioRroton-proton collisions are simulated
with the PYTHIA 6.4.21 event generator [6] with the Peru@iine (tune number 320) [43] while p—Pb
collisions are simulated using the HIJING v1.36 event gatoer[44]. For the calculation of D-meson
reconstruction efficiencies PYTHIA simulations of pp csilins are used, requiring in each event the
creation of a cc ortbpair. In the simulation used for the analysis of p—Pb dataweent from a p—Pb
collision simulated with HIJING is added on top of the PYTH&%ent. The generated particles are
transported through the detector with the GEANT3 transpackage![45].
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The measured correlation distributions are compared talalion results obtained with the event
generators PYTHIA 6.4.25]6] (tunes number 320, 327, and 8&@esponding to the reference versions
of the Perugia-0, Perugia-2010, and Perugia-2011 [setsi@djectively), PYTHIA 8L (tune 4C)[[46],
and POWHEGI[4]7, 48] coupled to PYTHIA (Perugia-2011 tune)Y THIA simulations utilise LO-
pQCD matrix elements for 2> 2 processes, along with a leading-logarithmicordered parton shower,
the Lund string model for hadronisation, and an underhgxgnt simulation including Multiple-Parton
Interactions (MPI). With respect to older tunes, the Pexughnes use different initial-state radiation
and final-state radiation models. One of the main differsrisethat the parton shower algorithm is
based on gr-ordered evolution rather than a virtuality-ordered ondgnfficant differences in the
treatment of colour reconnection, MPI, and the underlyingné were also introduced. Perugia O is
the first of the series. The Perugia-2010 tunes differ froemRlerugia-0 ones in the amount of final-
state radiation and by a modification of the higfragmentation (inducing a slight hardening of the
spectra). They are expected to better reproduce obsesveddted to the jet shape. For the Perugia-
2011 tunes first LHC data, mainly from multiplicity and unig@rg-event related measurements, were
considered. PYTHIA 8.1 is the rewrite in C++ of PYTHIA 6, vieh in Fortran, and includes also several
improvements in the treatment of MPI and colour reconnacf#®]. In the simulations performed at
v/S=5.02 TeV, the centre-of-mass frame is boosted in rapiditp\layy, = 0.465 in order to reproduce
the rapidity shift of the reference frame of the nucleonteai collision in the p—Pb collision system.

POWHEG is a NLO-pQCD generator _[47,148] that, coupled tograghower programs (e.g. from
PYTHIA or HERWIG [7]), can provide exclusive final-state peles, maintaining the next-to-
leading order accuracy for inclusive observables. The makanoduction cross sections obtained
with POWHEG+PYTHIA are consistent with FONLLI[1] and GM-VENZ] calculations within the
respective uncertainties, and in agreement with measune@&dn production cross sections within the
model and experimental uncertainties|[49, 50]. The POWHEBEGRHIA simulations presented in this
paper are obtained with the POWHEG BOX framewark [51, 52] twedtune Perugia 2011 of PYTHIA
6.4.25. For the comparison with the measured p—Pb colldéda, parton distribution functions (PDFs)
corrected for nuclear effects (CT10nlo [53] with EPSD9| )54ie used. Before passing them to the
PYTHIA parton shower, the scattered partons are boosteapidity by Ayny = 0.465.

3 Data analysis
3.1 D-meson and associated-particle reconstruction

The correlation analysis is performed by associating D meg@®, DT, D** mesons and their
antiparticles), defined as “trigger” particles, with chedigorimary particles in the same event, excluding
those coming from the decay of the trigger D mesons themselbe [¥, D*, D** mesons and their
charge conjugates are reconstructed via their hadroniaydelcannels B— K~ rrt, with Branching
Ratio (BR) of (3.88:0.05)%, D" — K—m"m", BR of (9.13£0.19)%, and D* — D%r", BR of
(67.7+0.5)% [55]. The extraction of the D-meson signal is basechené¢construction of decay vertices
displaced from the primary vertex by a few hundgech and on the identification of the decay-particle
species. The same selection procedures used for the memsiiseof D-meson production in pp and
p—Pb collisions at/s= 7 TeV and,/Sw = 5.02 TeV, respectively, are adopted [[4] 34]. For both the
pp and p—Pb data sets°@nd D" candidates are formed by combining tracks wjith < 0.8 and

pr > 0.3 GeV/c, which are required to have at least 70 out of a maximum of 1&ESiple associated
space points in the TPC & /NDF of the momentum fit in the TPC smaller than 2, and at leastt2b

6 associated hits in the ITS.*D candidates are formed combining Bandidates with tracks with one
point in the SPD|n| < 0.8 andpr > 0.1 GeV/c. The main variables used to reject the combinatorial
background are the separation between primary and segoveldices, the distance of closest approach
(DCA) of the decay tracks to the primary vertex, and the amgleveen the reconstructed D-meson
momentum and the flight line defined by the primary and seagndeartices. A tighter selection is
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applied for p—Pb collisions with respect to pp collisiongdduce the larger combinatorial background.
The identification of charged kaons and pions is done usinG aRd TOF detectors. A-30 cut
around the expected value for pions and kaons is applied dm DBC and TOF signals. The D
mesons are selected in a fiducial rapidity range varying fiygp| < 0.5 at low pr to |yiap| < 0.8 for

D mesons withpy > 5 GeV/c in order to avoid cases in which the decay tracks are closket@dge
of the detector, where the acceptance decreases stee\D’Tand D" raw yields are extracted using
fits to the distributions of invariant masd(K ") and M(K~m" "), respectively, with a function
composed of a Gaussian term for the signal and an exponeatial modeling the combinatorial
background. In the case of the'D the raw yield is obtained with fits to the invariant-masdedi#nce
AM = M(K-mt"rr™) — M(K~ "), using a Gaussian function for the signal and a thresholdtim
multiplied by an exponentialag/AM — M, - ?&M-Mn)y to describe the background. Relatively wide
D-mesonpr intervals (3< pr < 5 GeV/c, 5< pr < 8 GeV/c, 8 < pr < 16 GeV/c for pp collisions
and 5< pr < 8 GeV/c, 8 < pr < 16 GeV/c for p—Pb collisions) are chosen to reduce the statistical
fluctuations in the azimuthal-correlation distributioriBhe statistical uncertainty of the D-meson raw
yields in thesepr intervals varies from about 5% to 8% (3% to 5%) in pp (p—Pb)isiohs for the ¥
and D" mesons and from about 5% to 6% (5% to 10%) for the& hesons, depending qw. For both
collision systems, the signal over background ratio of igea peaks is between 0.2 and 1 for the D
and D" mesons, and up to 2.6 for the Dmeson. In the interval & pr < 5 GeV/c the D-meson yield
can be extracted from the invariant mass distribution wigtistical uncertainty smaller than 3% in both
pp and p—Pb collisions. However, in the latter case, the-razat away-side peaks of the azimuthal-
correlation distribution, that have a small amplitude at [@-mesonpt, cannot be disentangled from the
statistical fluctuations of the baseline, which is relatethe multiplicity of the event and thus higher in
p—Pb than in pp collisions. Therefore, for thig interval, the results are shown only for pp collisions.

Associated particles are defined as all charged primaryclertwith p3ss°¢> 0.3 GeV/c and with
pseudorapidity|n| < 0.8, except for the decay products of the trigger D meson. dhasticoming
from other weak decays or originating from interactionshwiihe detector material are defined as
secondary particles and are discarded. Reconstructeks tveith at least 70 points in the TPC and 3
in the ITS, and g?/NDF of the momentum fit in the TPC smaller than 2 are associatddmeson
candidates. As estimated with Monte Carlo simulations &saior 2.R), with this selection the track-
reconstruction efficiency for charged primary particlesthie pseudorapidity rangg| < 0.8 has an
average value of about 85% in the interva8 & pr < 24 GeV/c, with variations contained withis 5%

for pr < 1.5 GeV/c. Negligible variations are observed at highmt The contamination of secondary
particles is removed by requiring the DCA of the associatadks to the primary vertex to be less than
2.5 mm in the transverse fy) plane and less than 1 cm along the beam ladirection). This selection
identifies primary particles with a purityg:im) of approximately 96% and with an efficiency higher than
99%, also for particles originating from decays of charm eauty hadrons, which can be displaced by
several hundred micrometers from the primary vertex. Théypis independent oy in the measured
pr range. For the B meson case, the loywr pion produced from the O — D°rr* decay is removed
from the sample of associated particles by rejecting trécisyield aAM compatible within & with
the value expected for'D mesons. It was verified with Monte Carlo simulations thas thelection
rejects more than 99% of the pions froni'Ddecays in all D-mesopy intervals considered and has an
efficiency larger than 99% for primary particles wiph > 0.3 GeV/c.

3.2 Azimuthal-correlation distributions and corrections

D-meson candidates with invariant ma#s)(in the rangelM — u| < 20 (peak region), whergt and
o denote the mean and width of the Gaussian term of the intamass fit function, are correlated to
tracks selected with the criteria described above, andiffexahce in the azimuthal anglé&¢) and in
pseudorapidity&n) of each pair is computed. In order to correct for the aceg@and reconstruction
efficiency (Accx €) of the associated tracks and for the variation of (Acg) of prompt D mesons
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inside a givenpr interval, a weight equal to the inverse of the product of H@tbc x €) is assigned to
each pair. The dependence of the associated-track effic@ntransverse momentum, pseudorapidity,
and position of the primary vertex along the beam axis israkéo account. The dependence of
the track reconstruction efficiency on the event multipfiés negligible and therefore neglected. The
reconstruction efficiency of prompt D mesons is calculate@ &unction ofpr and event multiplicity.

It is of the order of few percent in the lower D-mespp interval, about 20% at higpr [434], and it
varies within eactpr interval by up to a factor 2-3 (1.5-2) at low (highy, depending on the D-meson
species and collision system. The D-meson (A&) factor accounts also for ther-dependent fiducial
rapidity range of the selected D mesons (£ed. 3.1) in ordeorimalize the results to one unit of rapidity.

The obtained distributionC(A¢,An)peak includes the angular correlation of background D-meson
candidates in the peak range. This contribution is estidngsethe per-trigger correlation distribution of
background candidates/Bsigebands< C(A¢, AN )sidebands WhereBsigebanddS the amount of background
in the sideband invariant-mass range 4 |M — u| < 8o (right side only, 4 < M — u < 80, in the
case of D™ mesons). The terr@(A¢,An)sidebandstepresents the correlation distribution obtained as
described above, but selecting D-meson candidates wihiant mass in the sidebands. The background
contribution is then subtracted froB{A¢,An)peakafter being normalized to the amount of background
in the peak regionBpeax The latter is obtained from the counts in the invariantgngistribution in the
peak region, after subtracting the sign8lea, estimated from the invariant-mass fit. Note tBga
Bpeak and Bsidebandsare calculated from the invariant-mass distributions Wieid by the inverse of the
prompt D-meson reconstruction efficiency.

The correlation distribution€(A¢,An ) peakandC(Ad, An )sidebandsare corrected for the limited detector
acceptance and detector spatial inhomogeneities usirgyvérd mixing technique. In this approach, D-
meson candidates found in a given event are correlated hattyed tracks from other events with similar
multiplicity and position of the primary vertex along theape axis. The distribution obtained from the
mixed events, MEA¢,An), shows a typical triangular shape as a functiod\gf due to the limited)
coverage of the detector, and is approximately flat as aiumaof A¢. The event-mixing distribution is
rescaled by its average value in the rang®.2 < A¢ < 0.2,—0.2 < An < 0.2) and its inverse is used
as a map to weight the distributio@$A@, An ) peak@NdC(A¢, AN )sidebands A correction for the purity of
the primary-particle samplepgim, see SeC.3l1) is applied and the per-trigger normalizasiabtained
dividing by Syeak The above procedure is summarized in the following Equéliovhere the notatioB
refers to angular-correlation distributions normalizegdte number of trigger particles:

~ Bpeak  C(A¢,An) D 7 )
sideband

Cinclusive(AP, A
|I'lC|US|Ve( ¢ r’) peak Bs|debandsME(A¢,An)

P ( CB0.80)
Sjeak ME(A¢7A’7)

ME(Ag,An) = (

C(A,An)
(C(29,AN)) ap|1an1<0.2

) Mixed Events

Finally, the per-trigger azimuthal distributidﬁndusi\,e(mp) is obtained by integratin@indusive(mp,An)
in the rangeAn | < 1.

It was verified with Monte-Carlo simulations based on PYTHRerugia-2011 tune) that the per-trigger
azimuthal correlation of D mesons and secondary partiadésajected by the track selection haAg-
dependent modulation with a maximum variation of 7% withpees to the azimuthal correlation of D
mesons and primary particles. THig-dependent contamination has a negligible impact on thé fina
results, considering the 4% level of contamination of sdeoy particles in the sample of associated
tracks, hence, it was neglected.

A fraction of the reconstructed D mesons consists of seagridlanesons coming from B-meson decays.
The topological cuts, applied to reject combinatorial lggokind, select preferentially displaced vertices,
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yielding a larger (by about a factor 2 fonesons in the measurgd range) efficiency for secondary D
mesons than for prompt D mesons. Therefore, the fradt@mpcof reconstructed prompt D mesons does
not coincide with the natural fraction and depends on théyaisadetails. The different fragmentation, as
well as the contribution of B-meson decay particles and aiptesdifferent contribution of gluon splitting
to charm- and beauty-quark production, imply a differengwdar-correlation distribution of prompt
and secondary D mesons with charged patrticles, as it wafiedeviith the Monte-Carlo simulations
described in Section 2.2. The contribution of feed-down Boms to the measured angular correlation
is subtracted as follows:

Cprompt(A(p) = fi (Cinclusive(A‘p) - (1_ fprompt)cpélgdfzg]\,e,[(Afp)) . (2)
prompt
In the above equationéprompt(AdJ) is the per-trigger azimuthal-correlation distributionteaf the
subtraction of the feed-down contributiofyromptis the fraction of prompt D mesons a6 gdiedrg\?v'n(Aqb)
is a template for the azimuthal-correlation distributidntiee feed-down component. Using the same
method described if_[4]fprompt Was evaluated on the basis of FONLL calculations of charm and
beautypr-differential production cross sections [1] and of the restauction efficiencies of prompt and
secondary D mesons, calculated with Monte-Carlo simuiatidhe value offpromp:, Which depends on
the D-meson species and varies as a functiopofis estimated to be larger than 75%. The azimuthal
correlation of feed-down D meson§ye, "Ml \as obtained from PYTHIA (tune Perugia 20111[43])
simulations of pp collisions af/s= 7 TeV and,/s= 5.02 TeV for the analysis of pp and p-Pb data,
respectively. In order to avoid biases related to the difierevent multiplicity in real and simulated
events, the correlation distribution was shifted to haserntnimum coinciding with the baseline of the
data azimuthal-correlation distribution before feed-dmmbtraction. A difference smaller than 8% was
observed in the simulation between the baseline valueseoh#imuthal-correlation distributions for
prompt and feed-down D mesons. Considering the typicalegabf fromps this difference results in a
shift of the baseline of:promp,(Aqb) smaller than 2%, negligible with respect to the other umdeties
affecting the measurement.

3.3 Characterization of azimuthal-correlation distributions

In order to quantify the properties of the measured azimuhaelations, the following fit function is
used:

Ans _ (892 Ans _ <A¢2—n>2
f(Ap)=b+ —"—¢ 2fins 2 @ ias (3)
(&9) V/ 2T0iit Ns V 210t AS

It is composed of two Gaussian terms describing the near-aa@y-side peaks and a constant term
describing the baseline. A periodicity condition is alsposed to the function, requirinf0) = f(2m).

The integrals of the Gaussian termdgys and Aas, correspond to the associated-particle yields for the
near (NS)- and away (AS)-side peaks, respectively, wiilgys and ofit as quantify the widths of the
correlation peaks. By symmetry considerations, the medimeoGGaussian functions are fixed&¢ = 0
andA¢ = . The baselind represents the physical minimum of the distribution. To limit the effect

of statistical fluctuations on the estimate of the assadigields, b is fixed to the weighted average of
the points in the transverse region, definedrgd < |A¢| < 11/2, using the inverse of the square of
the point statistical uncertainty as weights. Given the rsatny of the correlation distributions around
A¢ =0 andA¢ = m, the azimuthal distributions are reported in the range/Qp < rrto reduce statistical
fluctuations.

4 Systematic uncertainties

The fit of the D-meson invariant-mass distribution introglsisystematic uncertainties 8gaxandBpeak
(Sectio 3.1, Equation] 1). The uncertainty on the cormfadistribution was estimated by calculating
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Bpeakfrom the integral of the background term of the invariantsmt function in the rangtM — | < 20
and by varying the fit procedure. In particular, the fit wasspd modeling the background distribution
with a linear function and a parabola instead of an expoakfitnction (for ¥ and D" mesons only),
considering a different histogram binning, and varyingfiheange. A 10% systematic uncertainty was
estimated from the corresponding variation of the azimutbarelation distribution. No significant trend
was observed as a function 8§ and the same uncertainty was estimated for all D-mesonespéctall
pr-intervals and in both pp and p—Pb collision systems.

A 5% uncertainty (10% for D mesons in p—Pb collisions) derives from the possible dem®rel of
the shape oé(Aqb,An)Sidebandson the sideband range. This source of uncertainty was detedniy
restricting the invariant-mass sideband window to therviatis 40 <|M — | < 60 orto 60 <|M — | <
8o for all the D mesons, and also by considering, f8rddd D mesons, only the left or only the right
sideband.

The uncertainty on the correction for the associated-gartieconstruction efficiency was assessed by
varying the selection criteria applied to the reconstmidtacks, removing the request of at least three
associated clusters in the ITS, or demanding a hit on at mastof the two SPD layers. A4%
uncertainty was estimated for p—Pb collisions, Whit%%’”’ contribution was obtained for the pp analysis,
with the +10% contribution arising from the request of hitgshe SPD. No significant trend k¢ was
observed.

The uncertainty on the residual contamination from secgnttacks was evaluated by repeating the
analysis varying the cut on the DCA in tle y) plane from 01 cm to 1 cm, and re-evaluating the purity
of charged primary particles for each variation. This regliin a 5% (3.5%) systematic uncertainty in
pp (p—Pb) collisions, independent&$ and pg>s°¢

A 5% systematic effect originating from the correction oé th-meson reconstruction efficiency was
evaluated by applying a tighter and a looser topologicatcigln on the D-meson candidates. No
significant dependence akp was observed and the same uncertainty was estimated fohnréne D-
mesonpry intervals, apart from D meson in p—Pb collisions, for which a 10% uncertainty wagjassl.

The uncertainty on the subtraction of the beauty feed-damtribution was quantified by generating the
templates of feed-down azimuthal-correlation distribuﬁ,éf'\ggcﬁedrg\f’v'n(mp) in Equatiori2, with different
PYTHIA 6 tunes (Perugia O, Perugia 2010, see Se¢tioh 2.2) bgnconsidering the range dfrompt
values obtained by varying the prompt and feed-down D-mesetiifferential production cross sections
within FONLL uncertainty band, as describedlih [4]. The effen the azimuthal-correlation distributions
is A¢ dependent and contained within 8% and is more pronouncdtkingar side, in particular in the

lowest and middle D-mesopy intervals.

The consistency of the whole correction procedure, prighéfeed-down subtraction, was verified by
performing the analysis of simulated events (“Monte Calbsure test”) separately for prompt and feed-
down D mesons. For prompt D mesons, no effect was found fdr pptand p—Pb collision systems.
Conversely, for feed-down D mesons, an overestimate bytak@fb in the near side was found for
both collision systems. It was verified that the source of #cess is related to a bias induced by
the topological selection applied to D mesons, that tendaviour cases with a small angular opening
between the products of the beauty-hadron decay, thus eetitvee D meson and the other decay
particles. This effect results in &¢$-dependent overestimate of the feed-down subtracted latore
distribution in the near side, contained within 2%.

The systematic uncertainties affecting thé-correlation distributions are summarized in Table 1 for
both pp and p—Pb collision systems. Th@¢-dependent parts of the uncertainties arising from the-feed
down subtraction and the Monte-Carlo closure test defindghencorrelated systematic uncertainties.
All the other contributions, correlated i, act as a scale uncertainty. No significant dependence on
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the transverse momentum of D mesons and associated pavtiateobserved for both -correlated and
uncorrelated uncertainties, except for the feed-dowresyatic uncertainty.

System pp p—Pb
D-meson species DO D**,DF DO D*+ (DY)
Signal, background normalization +10% +10%
BackgroundA¢ distribution +5% +5% (+=10%)
Associated-track reconstruction efficiency +10%, —5% +4%
Primary-particle purity +5% +3.5%
D-meson efficiency +5% +5% (+10%)
Feed-down subtraction up to 8%,A¢ dependent up to 8%,A¢ dependent
MC closure test —2% (near side) —2% (near side);:2%

Table 1: List of systematic uncertainties for tep-correlation distributions in pp and p—Pb collisions. Sed t
for detalils.

Different approaches were applied to estimate the systenmnatertainty on the near-side peak associated
yield and peak width and on the baseline, obtained fromAilag orir ns, andb parameters of the fit

of the azimuthal-correlation distribution, as describedSection 3.3. The main source of uncertainty
derives from the definition of the baseline itself, which @oected to the assumption that the observed
variation of the azimuthal-correlation distribution inethransverse region is determined mainly by
statistical fluctuations rather than by the true physicadc The variation ofns, Ofit ns, @andb values
obtained when consideringdart/4 variation of theAg range defining the transverse region is interpreted
as the systematic uncertainty due to the baseline definitimnaddition, the fits were repeated by
moving upwards and downwards the data points by the comelspp value of theA¢-uncorrelated
systematic uncertainty. The final systematic uncertairgg walculated by summing in quadrature the
aforementioned contributions and, for the associatedlyiahd baseline, also the systematic uncertainty
correlated iM\¢. The values of the total systematic uncertainties on the sida peak yield, width, and
baseline are reported in Talale 2, for two intervals of trens® momentum of D mesons and associated
particles. Considering all the measured kinematic rantpesuncertainties vary from:12% to+25%

for the near-side peak yield, froh2% to+13% for the near-side peak width and frari1% to+16%

for the baseline. Typically, lower uncertainties are atdifor p-Pb collisions, where the larger available
statistics of the correlation distributions allows for amaprecise estimate of the baseline height, which
constitutes the main source of uncertainty also on the atialu of the near-side peak associated yield
and width.

System pp p—Pb

5<pP<8GeV/c, | 8<p?<16GeVic, | 5<pP<8GeV/c, | 8<p?<16GeVr,

Kinematic range
g 03 < p°<1GeV/c | pP°°>1GeV/c | 0.3<pi™<1GeV/c | pF°°> 1GeV/c

NS yield +22% +15% +17% +12%
NS width +10% +5% +3% +3%
Baseline +13% +15% +12% +11%

Table 2: List of systematic uncertainties for near-side (NS) peaoaiated yield, near-side peak width, and
baseline in pp and p—Pb collisions, for two different kinéimeanges of D mesons and associated particles. See
text for details.
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Figure 1: Comparison of the azimuthal-correlation distribution®ofmesons and charged particles obtained for
DO D* and D" mesons for 5< p? < 8 GeV/c, p2ss°®> 1 GeV/cin pp collisions at/s= 7 TeV (left panel) and
for 8 < p? < 16 GeV/c, p3°°> 1 GeV/c in p—Pb collisions at/Sw = 5.02 TeV (right panel). The statistical
uncertainties are shown as error bars, Algeuncorrelated systematic uncertainties as boxes, whidep#rt of
systematic uncertainty correlated&g is reported as text (scale uncertainty). The latter is lgrgacorrelated
among the D-meson species.

5 Results

The azimuthal-correlation distributions of’DD*, D** mesons and charged particles wits°¢>

1 GeV/c are compared in Figurgl 1 for & p? < 8 GeV/c in pp collisions (left panel) and for
8 < p? < 16 GeV/cin p—Pb collisions (right panel). The distributions obtadrwith the three D-meson
species are compatible within the quadratic sum (= D°, D*, D**) of the statistical uncertainty and
of the systematic uncertainties on the signal, backgrowrchalization, and on the background shape
(see Tabld¢l1), that are uncorrelated among the three mesaiesp The B, D*-, D**-meson data
are averaged using/®? as weights. The averages of the distributions are showr|fftine considered
kinematic ranges, in Figuid 2 for pp and p—Pb collisions. #seeted, a rising trend of the height of
the near-side peak with increasing D-meganis observed for both collision systems, together with a
decrease of the baseline level with increaginrgf the associated particles.

Figure[3 shows thé¢ distributions after the subtraction of the baseline, dated as described in
Sectior 3.B. The distributions show a near-side peak andenand lower peak in the away-side region.
The results obtained for the two collision systems are cdaifpawithin uncertainties. According to
simulations of pp collisions performed with PYTHIA 6 (Peiad, -2010, and -2011 tunes), the different
centre-of-mass energy and the slightly different D-mesqidity range of the two measurements should
induce variations in the baseline-subtracted azimutbatetation distributions smaller than 7% in the
near- and away-side regions. The same estimate is obtaiitbBdP@WHEG+PYTHIA simulations
including the EPS09 parametrization of nuclear PDFs (se8d®€2.2). Such differences are well below
the current level of uncertainties.

A further comparison of pp and p—Pb collision results hasnbéene by quantifying the integrals

and the widths of the near-side correlation peaks by fittimg measured distributions as described
in Section[3.B. The fit results are reported only for the rséde- peak parameters and the baseline
because of the poor statistical precision on the fit parametethe away-side peaks. Figlie 4 shows,
as an example, the fit to the azimuthal-correlation distigms of D mesons and charged particles with
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Figure 2: Average of the azimuthal-correlation distributions &% D* and D" mesons with 3 p2 <5 GeV/c
(left column), 5< p® < 8 GeV/c (middle column), and & p? < 16 GeV/c (right column) and charged particles
with p3ss°¢> 0.3 GeV/c (top row), 03 < p3*5°°< 1 GeV/c (middle row), andp§>*°°> 1 GeV/c (bottom row),
measured in pp collisions gfs= 7 TeV and in p—Pb collisions gfSyw = 5.02 TeV. The statistical uncertainties are
shown as error bars, tlgp-uncorrelated systematic uncertainties as boxes, whélpdint of systematic uncertainty
correlated imMA¢ is reported as text (scale uncertainty).

passees. 1 GeV/c, for 5 < p? < 8 GeV/c in pp collisions (left panel) and for & p? < 16 GeV/c

in p—Pb collisions (right panel). The curves superimposedhe data represent the three terms of
the function defined in Equation 3. The fit function describedthin uncertainties, the measured
distributions in all kinematic cases considered, proygdialues ofy2/NDF close to unity. The evolution
of the near-side peak associated yield as a function of tmeeBenpr is reported in Figurél5 (top
row), for pp and p—Pb collisions, fop$**°°> 0.3 GeV/c (left panel) and for the two sub-intervals
0.3 < p§*°°°< 1 GeV/c (middle panel) ang$*s°“> 1 GeV/c (right panel). The near-side peak associated
yield exhibits an increasing trend with D-mespp and has similar values, within uncertainties, for the
softer (03 < p§*°°°< 1 GeV/c) and the harderp§®*°“> 1 GeV/c) sub-ranges op3>*°“used, in each
D-mesonpry interval considered. The values obtained for pp and p—Plisicol data are compatible
within statistical uncertainties. In the bottom row of ttearg figure the width of the near-side Gaussian
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term (st ns) IS shown. Although the case withg®s°> 0.3 GeV/c seems to suggest thaf; ns does
not strongly depend on D-mesgx in the range of the measurement, the current level of uringrta
does not allow to quantify the dependenceogfys on D-meson and associated charged partgleas
well as a possible difference between the values measurggbfand p—Pb collisions. In particular, our
approach for the calculation of the baseline (Sediioh 3.@yantees a robust estimate of the minimum,
but the baseline uncertainty and its impact on the assadejagtd uncertainty are rather large (Secfion 4).
This systematic uncertainty is expected to be significamtiuced in future measurements with larger
data samples, where a smallgp range for the baseline calculation could be used.

A Vv,-like modulation of the baseline would introduce a bias im theasurement of the associated yield
and peak width that needs to be taken into account whilegrééng the measured quantities in terms
of charm-jet properties. In order to get an estimate of toissible effect, for the p—Pb case the fit was
repeated by subtracting from the correlation distributon-like modulation assuming, = 0.05 for D
mesons and, = 0.05 (0.1) for associated charged particles with > 0.3 (1) GeV/c. These values
were chosen on the basis of charged-particle measurenrehigh-multiplicity p—Pb collisions[[20]
and assuming for D mesons the maximum value predicted_in fi@7the 20% most central p—Pb
collisions as a test case. With such assumptions, rathesnegtalso considering that this measurement
is performed without any selection on event multipliciys varies by—10% (—6%) for D mesons with

5 < pr <8 GeV/cand for 03 < p*°°< 1 GeV/c (pF°°°> 1 GeV/c). The variations omwii s and on
the baseline are below 4% and 1%, respectively. Signifigantlaller modifications result for D mesons
with 8 < pr < 16 GeV/c. With the available statistics, the precision of the measiant is not sufficient
to observe or exclude these modifications.

Figure[®6 shows the comparison of the averaged azimuthedlation distributions measured in pp
collisions with expectations from simulations performedhwPYTHIA and POWHEG+PYTHIA (see
Section[2.R), after the baseline subtraction. In the caséh@fsimulations, for which statistical
fluctuations are negligible, the baseline is estimated asntinimum of the azimuthal-correlation
distribution. The average of the two lowest values is usatkfme the uncertainty related to the baseline
definition in Monte-Carlo simulations. This uncertaintynisgligible and not displayed in the figures.
The distributions obtained with the different generatard aunes do not show significant differences in
the near side. In the away side, the PYTHIA 6 tunes PerugiadOPanugia 2010 tend to have higher
correlation values, especially f@3*s°“> 1 GeV/c, compared to the other simulation results. All the
considered Monte-Carlo simulations describe, within theaustainties, the data in the whalg range,
though a hint for a more pronounced peak in the near side @nttlah in models is present for D mesons
with 8 < pr < 16 GeV/c for p§55°°> 0.3 GeV/c. This can also be observed from the comparison of the
associated yield in the near-side peak in data and in sifonfatdisplayed in the top row of Figurgsk 7
and[8, for pp and p—Pb collisions, respectively. For bothisioh systems the measured associated
yield is larger by a factor about 1.5 with respect to PYTHIARI&OWHEG+PYTHIA predictions for

D mesons with & pr < 16 GeV/c and p3°5°°> 0.3 GeV/c, though still compatible within less than
20. The width of the near-side peaks, shown in the second roleo$ame figures, seems to be better
reproduced by the simulations in the case of p—Pb than of gyditse ~ The evolution of the baseline
value as a function of the D-mesqr is compared for pp-collision data to expectations from PYAH
simulations in the bottom row of Figufé 7 for the three rangep3*>°‘considered in the analysis. The
value of the baseline, mainly determined by the event nigifiyy does not show substantial variations
as a function of D-mesopy, as expected also from PYTHIA simulations, which reprodihesobserved
values within the uncertainties.

6 Summary

The first measurements of the azimuthal correlations betWwesmesons and charged particles in pp and
p—Pb collisions at/s= 7 TeV and,/s\ = 5.02 TeV, respectively, performed with the ALICE detector at
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Figure 3: Comparison of the azimuthal-correlation distributionsDbimesons with 5< p? < 8 GeV/c (left
column) and 8< p? < 16 GeV/c (right column) and charged particles wii§*s°®> 0.3 GeV/c (top row),
0.3 < p§3°°< 1 GeV/c (middle row), andp$*s°“> 1 GeV/c (bottom row) in pp collisions a{/s= 7 TeV and

in p—Pb collisions at/Sy = 5.02 TeV, after subtracting the baseline. The statisticakuainties are shown as
error bars, thé\@-uncorrelated systematic uncertainties as boxes arowndata points, the part of systematic
uncertainty correlated iA¢ is reported as text (scale uncertainty), the uncertaidigeiving from the subtraction
of the baselines are represented by the boxAgat 1.

the LHC, were presented. T distributions were studied in pp collisions in three diéfler D-meson
transverse-momentum intervals,<3p-'? <5GeV/c, 5< p-'? < 8 GeV/c, and 8< p? < 16 GeV/c, for
associated charged particles wif#°°> 0.3 GeV/c, and in the two sub-ranges3< p3ss°°< 1 GeV/c
and p3%°°> 1 GeV/c. For p—Pb collisions, the results were reported in two Danegr ranges,
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Figure 4: Examples of the fit to the azimuthal-correlation distribuati for D mesons with 5 p? < 8 GeV/c

and charged particles witp3s°°> 1 GeV/c in pp collisions at,/s = 7 TeV (left), and for D mesons with

8 < pP < 16 GeV/c and charged particles withfs°> 1 GeV/c in p—Pb collisions at/Sw = 5.02 TeV (right).
The statistical uncertainties are shown as error barg\¢hrancorrelated systematic uncertainties as boxes, while
the part of systematic uncertainty correlated\igh is reported as text (scale uncertainty). The terms of the fit
function described in Sectidn 3.3 are also shown separatebr-side Gaussian function (blue dashed line), away-
side Gaussian function (green dashed-dotted line) andibasenstant term (magenta dotted line).

5< p? <8GeV/c, and 8< p? < 16 GeV/c. The baseline-subtracted azimuthal-correlation distidins
observed in the two collision systems are compatible withigertainties. The variations expected from
the lower nucleon-nucleon centre-of-mass energy of p-Misioms and from the slightly different D-
meson rapidity ranges used for the p-Pb analysis were stwdit simulated pp collisions at the two
centre-of-mass energies and are well below the sensitifitlyge measurements.

The properties of the near-side correlation peak, seaditithe characteristics of the jet containing the
D meson, were described in terms of the yield of associatacyeld particles and peak width, obtained
by fitting the A¢ distributions with a function composed of a constant terepresenting the physical
minimum of the distribution, and two Gaussian terms modgtime near- and away-side peaks. The
values measured in the two collision systems are compatiitén uncertainties.

The measured azimuthal distributions, as well as the ptiegesf the correlation peaks, were compared
to expectations from simulations performed with differdfdnte-Carlo generators. The simulations
reproduce the correlation distributions within uncertiais

Considering that the overall uncertainty is dominated leystiatistical component, the data collected from
pp collisions at/s= 13 TeV in the ongoing Run 2 at the LHC will allow for a more psemeasurement.
In particular, the predicted increase of the cross sectiotiarm production by more than a factor 2 at
pr = 10 GeV/c at the higher collision energy|[1], along with the foreseamér integrated luminosity,
will allow for a significant reduction of the statistical wrtainty, providing a more quantitative and
constraining comparison of the data with expectations fidomte-Carlo generators. As mentioned in
Sectior[ b, with larger data samples a different deternonaif the baseline of the azimuthal-correlation
distribution will become possible, bringing to a signifitaaduction of the systematic uncertainty on
the measurement of the associated yields. The data thabvevdbllected in next p-Pb collision runs at
the LHC may also allow a study of the evolution of the azimlittmrelation distribution as a function
of the event multiplicity, searching for possible long-garridge-like structures already observed with
correlation of light particles.
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Figure 5: Comparison of the near-side peak associated yield (top amd)peak width (bottom row) in pp and
p—Pb collisions as a function P, for p2ss°> 0.3 GeV/c (left column), 03 < pS°c< 1 GeV/c (middle column),
and p$*s°“> 1 GeV/c (right column). Statistical and systematic uncertaintiesshown as error bars and boxes,
respectively.

The results reported in this paper represent a first stegdidvilae measurement of possible modifications
of the azimuthal correlation of D mesons and charged pestitci Pb—Pb collisions, that could provide
important information on the charm-quark energy-loss raa@ms in the presence of the medium
formed in heavy-ion collisions at LHC energies. Given thensacollision energy, the p—Pb results
presented in this paper could serve as a reference to studiumesffects in Pb—Pb collisions at
v/Sw = 5.02 TeV collected in the LHC Run 2.
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