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1. Introduction

Measurements of charm quark production provide important information about the mecha-
nisms occurring in the medium formed in proton-lead collisions [1]. These processes, called also
"Cold Nuclear Matter" (CNM) effects, are competing with effects due to the screening of the strong
interaction and de-confinement in high energy heavy ion collisions, such as suppression of char-
monium production observed at the SPS [2], RICH [3] or LHC [4][5]. They must be precisely
known in order to disentangle them. In addition, measurements of open charm production can help
investigating the charm probability density in the partons. A new measurement of the prompt D°
production in pPb and Pbp collisions at 5 TeV was obtained analysing the LHCb data recorded
during the 2013 LHC proton-lead run [6] and is presented here.

2. The LHCDb experiment and its heavy ion program

The LHCb detector is described in details in Ref. [7][8]. It is optimized for the study of b
and ¢ hadrons produced in low pile-up pp collisions at the LHC. However the excellent perfor-
mances reached in higher multiplicity proton-lead collisions are perfect for the measurement of
heavy flavour in this environment. The detector covers the forward region with respect to the colli-
sion point, 2 < 1 < 5, where 1) is the pseudo-rapidity of the detected particles. When the energies
of the beams are asymmetric, which is the case at the LHC for proton-lead collisions, the accep-
tance in centre-of-mass rapidity, y*, is 1.5 < y* < 4.0 when the proton beam direction is pointing
towards LHCD (called pPb configuration), and —5.0 < y* < —2.5 when the beams are reversed
(Pbp configuration). This allows the experiment to record data in two different configurations and
to probe different regions of x, the fractions of the longitudinal momentum carried by the colliding
partons.

The most important features of the detector for measurements of heavy flavour production are:
track reconstruction down to very low momentum to reconstruct hadrons down to zero transverse
momentum (pr) where nuclear effects are expected to be the largest; precise decay vertex recon-
struction to be able to separate hadrons produced directly at the collision point (prompt production)
from those coming from the decay of a b hadron; particle identification based on RICH detectors
to reconstruct decays in purely hadronic final states.

The experiment started collecting heavy ion data in 2013 during the LHC proton-lead run at a
center-of-mass energy of 5 TeV. A total integrated luminosity of 1.6 nb™! was recorded, 1.1 nb~! in
the pPb configuration and 0.5 nb~! in the Pbp configuration. In 2015, the experiment took part to
the PbPb run and collected 50 x 10°® minimum bias events at 5.02 TeV center-of-mass energy, and
at the end of 2016, 28 nb~! of proton-lead collisions (12 nb~! of pPb and 16 nb~! of Pbp) were
recorded at a center-of-mass energy of 8.16 TeV. In addition, the experiment is developing a fixed
target program and acquired collisions of protons or lead ions of the LHC beam with a gaseous
fixed target injected at the interaction point with the so-called SMOG system (System to Measure
Overlap with Gas, originally designed to measure the luminosity at LHCb). Various gases were
used already as target (Ne, Ar, He) and first measurements obtained recently [9][10].



Open heavy flavour measurements in pPb collisions at LHCb Patrick Robbe

5 102 T T L B T ] § 102 E_ L L L L i
> A, S =5TeV 1z == VSw =5 TeV ]
8 *=EQE—~=— Forward LHCb ] 8 ==""== Backward LHCb
T b e IE-SUTE
E —== i E —~= ]
o % . o O—i- - _ 1 o % 1k — = ]
S5<yr <2, —f—— - E ——A—— E
Blam F o0- )y/ o5 == ] %la B sy e r——
O —<+-25<y* <30 == © -+ 40< y <35 —f ]
+-30<y* <35 S ac 10 +_:«;'5<y*<_3'o =
1L —-35<y* <40 r - -35<yr<-3 3
10 L3 —+-30<y*<-25 ]
A B PR B B Ll ! . ! ! 7

0 2 4 6 8 10 0 2 4 6 8 10
p_ [GeV/c] p_[GeV/c]

Figure 1: Prompt D° production cross-sections, as a function of pr and y* for pPb (left) and Pbp (right).

3. Prompt D° production in pPb collisions

For this measurement, D° (and EO) candidates are reconstructed in the decay mode D' 5K rmt,
using tight particle identification criteria based on the RICH detectors. Only prompt D are con-
sidered, the D° coming from b hadron decays are rejected based on their impact parameter with
respect to the collision vertex. The double-differential absolute production cross-sections, %,
are obtained in bins of p7 and y* of the meson, in the ranges 0 < pr < 10 GeV/cand 1.5 <y* < 4.0
(for pPb) or —5.0 < y* < —2.5 (for Pbp). The numbers of signal candidates are extracted from a
fit to their invariant mass distributions and are corrected by the total detection and reconstruction
efficiencies computed from detailed Monte Carlo simulation. These efficiencies are corrected to
take into account effects due to detector occupancy. The integrated luminosity of the sample used
is determined from a van der Meer scan and beam gas imaging techniques detailed in Ref. [11].
The results are shown in Fig. 1 both for pPb (left) and Pbp (right). The uncertainties on the mea-
surements include both statistical and systematic uncertainties. The latter vary between 5% and
20% and are dominated by particle identification efficiency uncertainties.

The total cross-sections, integrated over the full analysis range, are measured equal to

oppb (P < 10GeV/c, 1.5 <y* <4.0) =230.6+£0.5413.0 mb, 3.1

Opbp (P < 10GeV/c, =5.0 <y* < —=2.5) =252.7+1.04+20.0 mb, (3.2)

where the first uncertainty is statistical and the second is systematic. Figure 2 shows the single-
differential cross-sections as a function of pt (left) and y* (right) respectively, integrated over the
other variable. On these two figures, a comparison with the HELAC-Onia tool [12] is shown. This

generator is tuned to reproduce measurements performed in pp collisions and is used with different
nuclear parton distribution functions (nPDF): EPSO9LO, EPSOONLO [13] and nCTEQ15 [14].

4. Cold nuclear matter effects in D° production

CNM effects are studied comparing the production cross-sections in proton-lead collisions
with the ones in proton-proton collisions at the same energy. The measurement of the prompt
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Figure 2: Prompt D° production cross-sections, as a function of pr (left, integrated over y*) and y* (right,
integrated over pt), for pPb and Pbp.

DY reference cross-section in pp at 5 TeV was performed using the data collected in 2015 [15]
when 8.6 pb~! of pp collisions were recorded during a dedicated LHC run at this energy. From
these cross-sections and the ones presented in Sec. 3, the nuclear modification factor R,py, and the
forward-backward ratio Rpp are extracted, as a function of pr and y*. These quantities are defined

as

_ 1 d’opm(pr,y*) /dprdy”
A d%0,,(pr,y*)/dprdy*

_ d*oppy(pr, +1y*|) /dprdy*

~ d20pn, (pr, —|y*]) /dprdy*’

“4.1)

Rypy(p1,y")

Ree(pT,)") 4.2)
with A = 208. They should be equal to unity in the absence of CNM.

Figures 3 and 4 show the results as a function of pr and y* for R p, and Rpp respectively. On
these figures are superimposed theoretical predictions using various models for the description of
CNM. HELAC-Onia is used to illustrate the shadowing and anti-shadowing effects due to the mod-
ification of the gluon density functions inside the lead nucleons compared to protons, parametrized
with various nPDFs sets (EPS09LO, EPSO9NLO and nCTEQ15). The Color Glass Condensate
model computations [16] are also compared with the experimental measurements. On these plots,
a significant suppression of D° production in proton-lead collisions compared to pp collisions can
be observed, at low pr in the forward region (positive rapidities). This effect is reproduced by the
theoretical models within large uncertainties.

5. Conclusions and prospects

A precise measurement of the suppression of prompt D° production was obtained analysing
the proton-lead collisions recorded at LHCb in 2013. These results show a large suppression at
forward rapidities and low transverse momentum, sign of Cold Nuclear Matter effects in these
collisions. Other measurements of open heavy flavour production by LHCb will be possible in the
near future, such as A" production at 5 TeV. Several b-hadron species could also be reconstructed in
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Figure 3: Prompt D° Rypy for top left: Pbp as a function of pr, top right:

bottom: as a function y*.
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Figure 4: Prompt D° Rgg as a function of left: pr and right: y*.

the data sample collected in 2016 in proton-lead collisions at 8.16 TeV: Figure 5 shows as example

the signals obtained in the reconstruction of B and Ag decays. The study of their production will
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Figure 5: Left: BY — Dy n" and right: A) — A7~ invariant mass distributions in pPb collisions at 8.16

TeV.

give

additional important information about the properties of the medium formed in heavy ion

collisions.
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