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The LHCb experiment does have a unique pseudorapidity coverage in the forward region
among the LHC detectors. Due to its unique angular range, it can provide QCD measurements
complementary to the other LHC experiments. The measurement of the ratio of prompt χc
to J/ψ production, the measurement of ψ(2S) meson production, the observation of double
√
charm production are presentedThe charge track distribution at s = 7 TeV and the ratio of
√
anti-proton to proton production at s = 7 TeV and 900 GeV are also reported.
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Introduction

The LHCb experiment is dedicated to the b-hadron sector and aims to study CP-violation
processes and rare decays involving b and c hadrons. The bb̄ pair production are strongly
correlated at small angle with respect to the beam line, therefore the LHCb detector 1 has been
designed as a single-arm forward spectrometer covering a pseudo-rapidity range 2 < η < 5.
The detector consists of a silicon vertex detector, a dipole magnet, a tracking system, two
ring-imaging Cherenkov (RICH) detectors, a calorimeter system and a muon system.
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Measurement of the ratio of prompt χc to J/ψ production at

√

s = 7 TeV

√
The prompt production of charmonium χc and J/ψ is studied 2 in pp collision at s = 7 TeV
using an integrated luminosity of 36 pb−1 recorded by LHCb. The ratio of prompt χc to J/ψ,
J/ψ
J/ψ
σ(χc → J/ψγ)/σ(J/ψ), is determined as a function of the pT in the range 2 < pT
<
15 GeV/c. The χc particles are reconstructed through the J/ψγ channel. The J/ψ’s are selected
using the dimuon channel and the photons are reconstructed in the calorimeter.
Since we measure the ratio of cross sections, many systematic uncertainties cancel. The
gamma efficiency is the main difference entering the ratio calculation. It has been determined on
Monte Carlo (MC) and validated on data using the ratio of two siblings channels: B + → J/ψK +
and B + → χc K + , including charge conjugate. The candidates are selected keeping as many of
the selection criteria in common as possible with the main analysis.
The ratio, σ(χc → J/ψγ)/σ(J/ψ), is in agreement with the NLO NRQCD 4 calculations
J/ψ
over the full pT range as shown in Fig. 1. This measurments is complementary from the
cross-section ratio σ(χc2 )/σ(χc1 ) for prompt production measured by LHCb 5 also shown in
Fig. 1.
The polarization was not simulated in the χc and J/ψ MC samples, thus a systematic
uncertainty has been computed using all the possible configurations for both decays and is
shown separately from other uncertainties in Fig. 1.

J/ψ

Figure 1: (Left) Ratio σ(χc2 )/σ(χc1 ) and (Right) ratio σ(χc → J/ψγ)/σ(J/ψ) in bins of pT
in the range
J/ψ
J/ψ
2 < pT < 15 GeV/c. The LHCb results, in the rapidity range 2.0 < y
< 4.5 and assuming the production of
unpolarized J/ψ and χc mesons, are shown with solid black circles and the error bars correspond to the statistical
and systematic uncertainties (apart from the polarization). The lines surrounding the data points show the
√
maximum effect of the unknown J/ψ and χc polarizations on the result. The CDF data points, at s = 1.96 TeV
in pp̄ collisions and in the η pseudo-rapidity range |η J/ψ | < 1.0, are shown in with open pink circles. The two
hatched bands correspond to the ChiGen Monte Carlo generator 3 and NLO NRQCD 4 predictions.
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Measurement of ψ(2S) meson production at

√

s = 7 TeV

The differential cross-section for the inclusive production of ψ(2S) mesons in pp collisions at
√
s = 7 TeV has been measured 6 using an integrated luminosity of 36 pb−1 . The decay channels
ψ(2S) → µ+ µ− and ψ(2S) → (J/ψ → µ+ µ− )π + π − are reconstructed using prompt ψ(2S) and
ψ(2S) decaying from a b-hadron (delayed). The separation between the two samples is done
using a pseudo-decay-time distribution defined as t = dz (M/pz ), where dz is the separation
along the beam axis between the ψ(2S) decay vertex and the primary vertex, M is the nominal
ψ(2S) mass and pz is the component of its momentum along the beam axis. The polarization
of promptly reconstructed ψ(2S)’s is not measured here, therefore a systematic uncertainty is
computed separately for the unknown state of the polarization. This does not effect the delayed
ψ(2S).
The differential cross-sections for prompt ψ(2S) and delayed ψ(2S) mesons are measured in
the kinematic range pT (ψ(2S)) ≤ 16 GeV/c and 2 < y(ψ(2S)) ≤ 4.5:
σprompt (ψ(2S)) = 1.44 ± 0.01(stat) ± 0.12(sys)+0.20
−0.40 (pol) µb
σb (ψ(2S)) = 0.25 ± 0.01(stat) ± 0.02(sys) µb
Recent QCD calculation on the differential cross-sections are found to be in a good agreement
with these results as shown in Fig. 2. Combining this result with the LHCb J/ψ measurement,
the inclusive branching ratio has been determined to be:
B(b → ψ(2S)X) = (2.73 ± 0.06(stat) ± 0.16(syst) ± 0.24(BR)) × 10−3
where the last uncertainty is due to the B(b → J/ψX), B(J/ψ → µ+ µ− ) and B(ψ(2S) → e+ e− )
branching fraction uncertainties. The later branching fraction is used and justified by the leptons
universalities.

Figure 2: (Left) Differential production cross-section vs. pT for prompt ψ(2S). The predictions of three nonrelativistic QCD models are also shown for comparison. MWC 7 and KB 8 are NLO calculations including
colour-singlet and colour-octet contributions. AL 9 is a colour-singlet model including the dominant NNLO terms.
(Right) Differential production cross-section vs. pT for delayed ψ(2S). The shaded band is the prediction of a
FONLL calculation 10 .
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Observation of double charm production involving open charm

The production of a J/ψ accompanied by open charm and pairs of open charm (C) hadrons are
√
observed 11 in pp collisions at s = 7 TeV using an integrated luminosity of 355 pb−1 . Leading
order calculation in perturbative QCD and Double Parton Scattering (DPS) predictions 12,13
give significantly different prediction, σ(J/ψC + J/ψ C̄) ∼ 18 nb and ∼ 280 nb respectively. The
DPS predictions can also be tested through the ratios of cross sections of the charm hadrons
involved: in a DPS senario σ(C1 ) × σ(C2 )/σ(C1 C2 ) should be equal (twice bigger if C1 6= C2 )
to the effective DPS cross-section measured at the Tevatron 14 .
The open charm hadrons considered here are: D0 , D+ , Ds+ and Λ+
c , while the C C̄ are used
as control channels. Selected charged tracks are combined to form J/ψ → µ+ µ− , D0 → K − π + ,
+ +
D+ → K − π + π + , Ds+ → K − K + π + and Λ+
c → pK π . Subsequently these candidates are
combined into J/ψC, CC and C C̄. The combinations are requested to come from the same
J/ψ
primary vertex and in the rapidity range 2 < y J/ψ,C < 4 while the pt
< 12 GeV/c and
C
3 < pt < 12 GeV/c. In additon a flight distance cτ > 100µm is required for the C.
Signals with a statistical significance over five standard deviations have been observed for
+ +
+ +
the four J/ψC, for six CC modes: D0 D0 , D0 D+ , D0 Ds+ , D0 Λ+
c , D D and D Ds , and for
+ −
+ −
+ −
seven C C̄ channels: D0 D̄0 , D0 D− , D0 Ds− , D0 Λ̄−
c , D D , D Ds and D Λ̄c .
In Fig. 3 the cross-sections are shown on the left and the DPS fraction on the right. Results
favour the DPS model using the effective cross-section measured at Tevatron, which is also
favoured with the absence of azimuthal and rapidity correlations.
The transverse momentum of these events has also been studied. In the J/ψC case we can
J/ψ
see an harder pT spectra compared to the prompt J/ψ production.
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Figure 3: (Left) Measured cross-sections σJ/ψC , σCC and σC C̄ (points with error bars) compared, in J/ψC
channels, to the calculations in Refs. 15 (vertical hatched areas) and Ref. 16 (horizontal hatched areas). The
inner error bars indicate the statistical uncertainty whilst the outer error bars indicate the sum of the statistical
and systematic uncertainties in quadrature. (Right) Measured ratios σC1 σC2 /σC1 C2 (points with error bars) in
comparison with the expectations from DPS using the cross-section measured at Tevatron for multi-jet events
(light green shaded area). For the D0 D0 , D0 D̄0 , D+ D+ and D+ D− cases the ratios are rescaled with the
symmetry factor of one half. The inner error bars indicate the statistical uncertainty whilst the outer error bars
indicate the sum of the statistical and systematic uncertainties in quadrature. For the J/ψC case the outermost
error bars correspond to the total uncertainties including the uncertainties due to the unknown polarization of
the prompt J/ψ mesons.
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