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With a unique geometry covering the forward rapidity region, the LHCb detector provides un-
precedented kinematic coverage at low G for charged particles in hadron collisions. The excellent
momentum resolution, vertex reconstruction, and particle identification allow precision measure-
ments down to very low hadron transverse momentum (?T). This contribution presents recent
LHCb measurements of prompt charged hadron production in proton-proton and proton-lead
collisions. Comparisons with various event generators and nPDF calculations are discussed.
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1. Introduction

Charged hadrons are copiously produced in high-energy proton-proton (??) and proton-ion
(?A) collisions at high nucleon-nucleon centre-of-mass energies (√BNN). This production is mostly
driven by soft-QCD processes, and quantitative predictions of the hadron production rate is chal-
lenging. Monte-Carlo event generators are generally used for those predictions, but the lack of
hadron production data at forward rapidity complicates their improvement. This has an impact
in experimental high-energy physics at LHC, but also in cosmic-ray physics, where these models
are fundamental to study the atmospheric evolution of hadronic cascades from high-energy cosmic
rays [1].

From a different perspective, the production of charged hadrons in ?A collisions can be studied
with respect to that in ?? collisions. Nuclear or collective behaviour may manifest in modifications
of the hadron production rate known as Cold Nuclear Matter (CNM) effects. In particular, the
high hadron transverse momentum (?T) part of the charged hadron spectra can be studied with
perturbative QCD approaches [2–4]. Experimental data of the hard part of the hadron spectrum is
needed to constrain these phenomenological models and to understand the origin of CNM effects.

The LHCb experiment [5, 6], located at the Large Hadron Collider (LHC) at CERN, is the only
LHC detector fully instrumented between 2 and 5 units of pseudorapidity ([). Hadron production
can be studied by measuring prompt charged particles, defined as long-lived particles produced in
the primary interaction or without long-lived ancestors. Long-lived charged particles, mostly c,  
and ?, are detected using the LHCb tracking system. Raw track yields need to be corrected with
reconstruction and selection efficiencies. Additionally, background contributions originating from
fake tracks not corresponding to real particles and non-prompt particles are determined to correct
the yields. In this contribution, two measurements of prompt charged particle production in ?? and
proton-lead (?Pb) collisions at LHCb are reported.

2. Prompt charged particle production in ?? collisions at
√
B = 13TeV

The production of prompt charged particles in ?? collisions at
√
B = 13TeV is measured with

respect to ?T and [ [7]. Data recorded with an unbiased trigger and corresponding to an integrated
luminosity of L = 5.4 nb−1 are used. Prompt charged particle candidates are determined from
tracks reconstructed by the LHCb tracking system in the kinematic range of 2 < [ < 4.8 and
0.08 < ?T < 10GeV/2. Positively and negatively charged tracks are studied separately.

The track yield is corrected by the total efficiency and the background contributions to obtain
the prompt charged particle yield. The efficiency depends on the particle type and thus on the the
relative abundance of (c,  , ?) in data. These quantities are extrapolated from a previous LHCb
measurement at different energies [8]. Background contributions are estimated with simulation
samples and corrected by data-driven techniques, using background-enriched proxy samples of
tracks. Fig. 1 shows the distribution of the neural-network classifier called ghost probability [9]
used to construct the proxy samples for the fake track background. Similar techniques with other
discriminating variables are used for the other background contributions. The uncertainty of the
measurement is dominated by systematic uncertainties, ranging between 2− 15% depending on the
kinematic interval. The covariance matrix of their correlations is also computed.
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Figure 1: Distributions of ghost probability (%fake) in a kinematic interval at (left) low ?T and at (right) high
?T. The purity of the proxy is shown in the lower subplots.
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Figure 2: Differential production cross-section of prompt charge particles with respect to ?T for (left)
[ ∈ [2.0, 2.5] and (right) [ ∈ [4.5, 4.8]. The error bars indicate the total uncertainty. The ratio between
model prediction and the measurement is shown in the lower subplot.

The result for double-differential cross-section is presented in Fig. 2 for two [ intervals along
with the predictions from several Monte-Carlo event generators. In general, models tend to over-
estimate charged particle production at the LHCb acceptance. The best agreement is found with
EPOS-LHC [10] and Pythia 8.1 tuned for LHCb data. The ratio of between the positively and
negatively charged particle yields is best reproduced by the Pythia 8.3 model. These data provide
unique constrains for future Monte-Carlo event generators.

3. Nuclear modification factor '?Pb at
√
BNN = 5TeV

Prompt charged particle production is studied in ?Pb and ?? collisions at √BNN = 5TeV with
respect to [ and ?T [11]. Double-differential production cross-sections are measured for particles
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with ? > 2GeV/2, 0.2 < ?T < 8.0 and different [ coverage depending on the beam configuration:
2.0 < [ < 4.8 for ??, 1.5 < [ < 4.3 for ?Pb (forward) and −2.5 < [ < −5.2 for ?Pb (backward).

Similar techniques as in [7] are used to obtain the prompt charged particle yield. A tighter
selection is considered to deal with the larger background contribution from fake tracks in ?Pb
collisions, especially in the backward configuration. Another additional difficulty is that the relative
particle composition is not yet measured in ?Pb collisions at the LHCb acceptance. Here, the
(c,  , ?) ratios are estimated with the EPOS-LHC generator [10] at the cost of an additional
systematic uncertainty. The total uncertainty of the result is dominated by systematic uncertainties.
For most ([, ?T) intervals, the total uncertainty of ?? and ?Pb production cross-sections is around
3%.

The measured cross-sections allow the nuclear modification factor '?Pb ≡ f?Pb/(�f??) for
charged particles to be computed for the first time in the forward and backward regions at the
LHC. The probed values of the parton momentum fraction G in the lead nucleus range between
[10−6, 10−4] and [10−3, 10−1] for the forward and backward region respectively. The '?Pb result
is shown in Fig. 3 along with several phenomenological predictions. In the forward region, '?Pb
shows a suppression of charged particle production, in general agreement with expectations from
nuclear PDFs [2]. The saturation model tends to overestimate '?Pb in the low ?T region [3].
In the backward region, a Cronin enhancement [12] is seen for ?T > 1.5GeV/2. This feature is
not well described by nuclear PDFs [2] or by a pQCD calculation considering parton multiple
scattering [13], which reproduced the enhancement observed by the PHENIX collaboration in the
backward region of proton-gold collisions [4]. The LHCb result is also compared with the ALICE
result in the central [ region [14] evidencing the continuity of the '?Pb trend. The measurement
places stringent constraints to the nuclear PDFs and saturation models over a wide G range with a
total relative uncertainty in the '?Pb determination down to 4.2%.

4. Conclusions and outlook

The presented studies demonstrate the capabilities of the LHCb experiment to perform precise
measurements of light hadron production. Both analyses provide data in kinematic regions not
previously covered by other LHC experiments and are useful to constrain Monte-Carlo generators.
The first measurement of the '?Pb in the forward and backward regions at LHC constitutes a crucial
input to investigate the mechanisms behind CNM effects.

Future measurements at LHCb will provide additional input. The particle identification system
at LHCb can cleanly separate the contribution of the different light hadrons [15], making a precise
measurement of (c,  , ?) production cross-sections viable. This measurement will reduce the sys-
tematic uncertainties of the inclusive ?Pbmeasurement and also will provide additional information
to Monte-Carlo generators and to study CNM effects. It is also possible to extend prompt charged
particle production measurements to other collision systems accessible by LHCb such as ion-ion
collisions.
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Figure 3: Nuclear modification factor as a function of ?T in different [ intervals for the (top) forward
and (bottom) backward regions, compared with theoretical predictions. Vertical error bars correspond to
statistical uncertainties, open boxes to uncorrelated systematic uncertainty and the filled box at '?Pb = 1 to
the correlated uncertainty from the luminosity.
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