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Abstract. The LHCb spectrometer has the unique capability to function as a
fixed-target experiment by injecting gas into the LHC beam pipe while proton
or ion beams are circulating. The resulting beam+gas collisions have a center
of mass energy intermediate to previous fixed-target experiments and the top
RHIC energy for AA collisions, cover an unexplored kinematic range and allow
systems of different size to be studied. Here we present new results on open
charm, J/y, and y(2S) production from pNe and PbNe fixed-target collisions
at LHCb. Comparisons with various theoretical models of particle production
and transport through the nucleus will be discussed.

1 The fixed-target program at LHCb

The LHCb detector at the LHC is a fully-instrumented single-arm spectrometer covering the
forward pseudorapidity region between 2 < n < 5 [1]. Thanks to its System for Measuring
Overlap with Gas (SMOG), the LHCb detector can operate as both a collider and fixed-target
experiment [2]. During the LHC Run 2, SMOG was used to inject small amounts of noble
gases into the LHC beam pipe near the LHCb interaction point and one of the circulating
LHC beams was used to create proton-gas and Pb-gas collisions. The resulting fixed-target
collisions in LHCb provide access to rapidity in the center of mass system y* between -2.29
and 0 and cover a larger Bjorken x (~ 107!") and lower Q? phase space than that probed
in collider-mode collisions [2]. Recent measurements of charmonium and D° production in
pNe and PbNe collisions were performed using fixed-target datasets collected by LHCb in
2017 and 2018, respectively [3]-[5]. Both datasets were collected using a 2.5 TeV beam from
the LHC incident on Neon gas atoms, resulting in a nucleon-nucleon center of mass energy
v/snn of 68.5 GeV. These measurements are compared to various theoretical models and are
also used to study cold nuclear matter effects on hidden and open charm mesons.

2 Charm production in pNe and PbNe collisions

Measurements of hidden and open charm meson production in pNe collisions were performed
with the 2017 dataset, which corresponds to an integrated luminosity of £ =21.7 + 1.4 nb™".
D meson candidates were reconstructed in the decay channel D° — K-z, while the J/y
and ¥(2S) candidates were reconstructed in the dimuon decay channel [3, 4]. All three charm
hadrons were selected with pr < 8 GeV/c and rapidity in the laboratory frame 2.0 < y < 4.29.
The differential cross sections per nucleon for D° meson production, computed by dividing
the measured cross section by the number of nucleons in Neon (20.1798 accounting for the
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Figure 1: The differential cross sections for D° production in pNe collisions as a function of
the D° (left) y* and (right) pr [3]. The LHCb data points in black are compared to a variety
of theoretical models (see text for details).
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Figure 2: The D° — Do production asymmetry in pNe collisions as a function of the D° (left)
y* and (right) pr. [3]

isotope), were measured as a function of the D° y* and pr and are shown in Figure 1. The
LHCb measurements, shown in the black data points, are compared to theoretical models
that take into account a variety of cold nuclear matter effects. The predictions from Vogt
include nuclear shadowing effects and are shown with and without a 1% intrinsic charm (IC)
contribution included [6]. The MS predictions include a 1% IC contribution and 10% re-
combination contributions [7]. The parton-hadron-string dynamics (PHSD) prediction [8] is
a transport model calculation, and the FONLL predictions [9, 10] are a fixed-order plus next-
to-leading-logarithms calculation with uncertainties from the factorization scale and parton
distribution functions included. The D° — DO production asymmetry, which probes charm
quark hadronization with a high-x valence quark, was also measured as a function of the
D° y* and pr and is shown in Figure 2. The results are compared to several of the same
theoretical models as described above, as well as to PYTHIA [11].

The production of hidden charm mesons was also studied in pNe collisions [4]. Figure
3 shows the measured differential cross sections for J/y production as a function of the J/y¥
y* and pr. The LHCb data points are compared to Leading-Order Color Singlet Model (LO
CSM) predictions computed using the HELAC-Onia generator and to predictions by Vogt [6]
that were computed with the Color Evaporation Model and include contributions from nuclear
absorption of the cc state and multiple scattering. The LO CSM predictions do not describe the
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Figure 3: The differential cross sections for J/y production in pNe collisions as a function of
the J/y (left) y* and (right) pr [4]. The LHCb data points in black are compared to several
theoretical models (see text for details).

trends observed in data, indicating the need for higher-order calculations to describe the J/y
production. The Vogt predictions describe both of the observed y* and pr trends, however
the current precision in the data cannot yet distinguish between predictions with or without
a 1% IC component. The J/y total cross section per target nucleon was also measured and
found to be consistent with the trend established by previous measurements of the total J/y
cross section as a function of /syy [4]. Due to the limited sample size, similar cross section
measurements were not made for the /(2S) and instead the relative production rate of ¥(25)
and J/y mesons was measured and found to be in good agreement with measurements on
other nuclear targets and at similar center of mass energies [4].

D and J/y production were also measured in PbNe collisions to compare open and hid-
den charm production between large and small nuclear systems [5]. The J/i to D° cross
section ratio was measured in PbNe collisions and compared to the same ratio measured in
pNe collisions. The ratio in collisions of nuclei with mass numbers A and B is assumed to
have the functional form 0'/}/1; /o"gff = o-?f o/ o’% X (Nooi)®', where N,y is the number of
binary nucleon-nucleon collisions obtained from a Glauber analysis [5]. An « value less than
one indicates that J/i mesons experience additional nuclear effects than D° mesons. The
cross section ratio as a function of N,,; is shown in the left image of Figure 4. The fitted o
value smaller than one indicates that the J/i mesons do experience more nuclear effects in
PbNe collisions than D° mesons. Within the current experimental uncertainties, a linear trend
is observed between pNe collisions and central PbNe collisions, preventing the conclusive
observation of anomalous J/¢ suppression or the formation of a deconfined medium. Future
measurements with LHCb’s upgraded fixed-target gas injection cell for Run 3, SMOG?2, will
have much smaller statistical and systematic uncertainties to enable more precise measure-
ments of charmonia production [12]. The right image of Figure 4 shows the excellent J/y
yield collected in 18 minutes of pAr data-taking during SMOG?2 commissioning [13].

3 Conclusion

Measurements of D° and charmonium production have recently been performed in +/syy =
68.5 GeV pNe and PbNe collisions with the LHCb detector in its fixed-target configuration.
In pNe collisions, the D° — D production asymmetry and differential D° and J/y cross sec-
tions as a function of the hadron y* and pr were measured and compared with theoretical
calculations incorporating a variety of cold nuclear matter effects. The first fixed-target AA
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Figure 4: (left) The J/y to D° cross section ratio as a function of the number of binary
nucleon-nucleon collisions N,,; [5] (right) the J/y yield in pAr collisions using the upgraded
SMOG?2 system [13]

experiment at the LHC was performed with PbNe collisions, and no anomalous J/¢ sup-
pression is observed within the current experimental uncertainties. LHCb’s upgraded fixed-
target system, SMOG?2, is now operational in Run 3 and will collect much larger samples
of fixed-target collisions with a variety of nuclear targets, enabling detailed studies of charm
production in a variety of nuclear systems.
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