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The ALICE experiment at the CERN Large Hadron Collider allows the
study of J/ψ production for various colliding systems at different energies.
In particular, ALICE has studied J/ψ production in proton–proton col-
lisions at 2.76 and 7TeV centre-of-mass energies, as well as in lead–lead
collisions at 2.76TeV per nucleon pair. In this paper, ALICE results on
inclusive J/ψ production in proton–proton collisions, measured in the ra-
pidity region |y| < 0.9 for the dielectron channel and 2.5 < y < 4 for
the dimuon one, are given. The integrated and differential inclusive cross
sections, together with the charged particle multiplicity dependence are
discussed. First preliminary results on non-prompt J/ψ from B mesons
decays are also given.

DOI:10.5506/APhysPolBSupp.5.561
PACS numbers: 14.40.Pq, 13.20.Gd

1. Introduction

In recent years, there has been an increasing interest in studying quarko-
nia production at hadronic colliders [1, 2, 3, 4, 5]. Theoretical models on
charmonium production [6,7,8,9] have been challenged by J/ψ polarisation
measurements at the Tevatron [2]. The LHC provides the opportunity to
measure charmonium production in a new kinematic regime, promising to
shed light on fundamental components of the hadroproduction mechanism.
Thanks to the incredibly fast growth of the LHC luminosity, and to excel-
lent detectors, first results on inclusive J/ψ production were made available
over the course of a few months in 2010 [10, 11, 12, 13]. Despite what seems
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a successful description of various theoretical approaches on the J/ψ’s pt

spectra from a pt of 3GeV/c [14, 15, 16, 17], the lack of LHC measurements
on J/ψ polarisation may imply that the discrepancy between models is still
present1. As discussed in this document, recent progress was made in other
related studies. This paper begins by describing the experimental apparatus
and the collected data, it will then go on to discuss the way integrated and
differential J/ψ cross sections were obtained at two centre-of-mass energies.
This paper will also mention how J/ψ production depends on charged parti-
cle multiplicity, giving, at the same time, the fraction of inclusive J/ψ that
is measured from B meson decays at central rapidity. Finally, a summary
will be given.

2. The ALICE detector

The ALICE experiment [19] allows for the reconstruction of J/ψ mesons
at |y| < 0.9 using central barrel detectors, that perform tracking and particle
identification of charged and some neutral particles, and also at 2.5 < y < 4.0
using a muon spectrometer. The latter was designed to identify muons with
a momentum larger than 4GeV/c. It consists of a front absorber followed
by a 3Tm dipole magnet, five tracking stations based on Cathode Pad
Chambers, a passive muon-filter wall, and two trigger stations composed
of Resistive Plate Chambers [19]. The central barrel detectors are embed-
ded in a large solenoid magnet (B = 0.5 T). In this analysis, both the Inner
Tracking System (ITS) and the Time Projection Chamber (TPC) were used.
Similar measurements are expected to be achieved with the Transition Radi-
ation Detector (TRD) and an electromagnetic calorimeter (EMCAL) in the
future. Two trigger selections are used for this study: minimum-bias (MB)
events and MB events with at least one muon candidate (MUON-MB). The
ALICE data acquisition system collected MB events with a trigger based on
the Silicon Pixel Detector (SPD) and the VZERO counters. The VZERO
detector consists of two arrays of 32 scintillator hodoscopes each, which
are placed around the beam pipe on either side of the interaction region:
VZERO-A and VZERO-C covering the pseudo-rapidity range 2.8 < η < 5.1
and −3.7 < η < −1.7, respectively. The MB trigger was defined by demand-
ing at least one hit in any one of the VZERO or in the SPD. This means
that at least one charged particle in 8 units of pseudo-rapidity was required.
In addition, the muon trigger was read out together with the MB triggering
detectors. Such collected data will be referred to as MUON-MB events. At
least one triggered track with a pt larger than 0.5GeV/c was demanded at
the trigger level. Note that such a cut is not sharp and the plateau value is
achieved at a pt of about 1.5GeV/c [20].

1 ALICE has recently published its results on polarisation [18].
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3. Results

Inclusive J/ψ cross sections at
√
s = 7TeV, i.e. p + p → J/ψ + X,

were obtained using data collected during the first couple of months of
the 2010 proton running, when the instantaneous luminosity was rather
low. At present, ALICE uses the van der Meer method [21] to estimate
the luminosity; a visible cross section associated to the coincidence of both
VZERO counters was obtained [22]. The analysis of J/ψ at

√
s = 7TeV

p+p was carried out on a data sample of 15.6 nb−1 [23] for MUON-MB
and of 5.6 nb−1 for MB. Data at

√
s = 2.76TeV was taken in spring 2011.

Both data samples followed the same analysis steps. A detailed descrip-
tion on the event selection can be found in [10]. Figure 1 shows the J/ψ
differential cross section in proton–proton collisions at both

√
s = 2.76

and 7TeV, as a function of rapidity. For the latter, the measured cross
sections are σJ/ψ(2.5 < y < 4) = 6.31 ± 0.25 (stat.) ± 0.76 (syst.) and
σJ/ψ(|y| < 0.9) = 10.7 ± 1.0 (stat.) ± 1.6 (syst.). Systematic uncertainties
associated to the unknown polarisation were quoted separately and can be
found in [10]. These results are in good agreement to those published by
other LHC experiments [11, 12, 13]. With a somewhat larger sample, the
mean number of produced J/ψ per MB event was measured as a function
of charged particle multiplicity. This was carried out by studying recon-
structed tracklets in the SPD detector at central rapidity. J/ψ results at
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Fig. 1. Differential J/ψ production cross section as a function of rapidity at two
centre-of-mass energies. Vertical bars are for statistical errors and boxes for sys-
tematic uncertainties. The systematic uncertainties on luminosity determination
are not shown [10].
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both central and forward rapidities were obtained. An almost linear increase
of produced J/ψ with multiplicity was observed in both cases [24], as can
be seen in figure 2. This measurement is thought to provide information on
multi-parton interactions [25]. More recently, the fraction of J/ψ originat-
ing from B meson decays at central rapidity was also measured. Figure 3
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Fig. 2. The J/ψ yield as a function of the charged particle multiplicity densities
at mid-rapidity. This is normalised to the corresponding multiplicity in the mini-
mum bias proton–proton event. Results are given for proton–proton collisions at√
s = 7TeV at both central and forward rapidity. The error bars represent the

statistical uncertainty on the J/ψ yield, while boxes give the associated systematic
uncertainties.
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Fig. 3. Pseudo-proper decay length distribution for J/ψ at central rapidity in p+p
collisions at

√
s = 7TeV. Also shown is an unbinned-likelihood fit that leaves the

signal-to-background ratio as a free parameter. It accounts for the invariant mass
range 2.4 < M(e+e−) < 4GeV/c2, after requiring 1.3 < pt < 7GeV/c. Curves are
projected along the pseudo-proper decay length axis and restricted to the invariant
mass 2.92 < M(e+e−) < 3.16GeV/c2.
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shows the pseudo-proper decay length distribution for J/ψ in p+p collisions
at
√
s = 7TeV. The J/ψ fraction from B meson decays was found to be

0.137 ± 0.054 (stat.)+0.025
−0.018 (syst.)+0.023

−0.027 (syst. polar.) at |y| < 0.9. Figure 4
shows this value as a function of pt, comparing it to that from other experi-
ments [1,11,13]. These findings add to the existing data at central rapidity,
but provide a unique LHC measurement as is down to pt ∼ 1.3GeV/c.
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Fig. 4. Fraction of J/ψ from beauty hadrons, as a function of transverse momen-
tum, given by several experiments. Only measurements at central rapidity are
shown. Vertical bars give the quadratic sum of both statistical and systematics
errors, while boxes are the systematics uncertainties associated to the unknown
polarisation.

4. Summary

In summary, the status of ALICE measurements related to J/ψ mesons
produced in proton–proton collisions was given. The present plan for quarko-
nia analyses includes cross section measurements for other quarkonia states,
together with measurements on J/ψ polarisation.

REFERENCES

[1] D. Acosta et al. [CDF Collaboration], Phys. Rev. D71, 032001 (2005).
[2] A. Abulencia et al. [CDF Collaboration], Phys. Rev. Lett. 99, 132001 (2007).
[3] S. Abachi et al. [D0 Collaboration], Phys. Lett. B370, 239 (1996).

http://dx.doi.org/10.1103/PhysRevD.71.032001
http://dx.doi.org/10.1103/PhysRevLett.99.132001
http://dx.doi.org/10.1016/0370-2693(96)00067-6


566 J.D. Tapia Takaki

[4] B. Abbott et al. [D0 Collaboration], Phys. Rev. Lett. 82, 35 (1999).
[5] A. Adare et al. [PHENIX Collaboration], Phys. Rev. Lett. 98, 232002 (2007).
[6] N. Brambilla et al., Eur. Phys. J. C71, 1534 (2011).
[7] J.P. Lansberg, Eur. Phys. J. C61, 693 (2009).
[8] J.M. Campbell, F. Maltoni, F. Tramontano, Phys. Rev. Lett. 98, 252002

(2007).
[9] B. Gong, X.Q. Li, J.X. Wang, Phys. Lett. B673, 197 (2009) [Erratum ibid.

B693, 612 (2010)].
[10] K. Aamodt et al. [ALICE Collaboration], Phys. Lett. B704, 442 (2011).
[11] V. Khachatryan et al. [CMS Collaboration], Eur. Phys. J. C71, 1575 (2011).
[12] R. Aaij et al. [LHCb Collaboration], Eur. Phys. J. C71, 1645 (2011).
[13] G. Aad et al. [ATLAS Collaboration], Nucl. Phys. B850, 387 (2011).
[14] M. Butenschoen, B.A. Kniehl, Phys. Rev. Lett. 106, 022003 (2011).
[15] Y.-Q. Ma, K. Wang, K.-T. Chao, Phys. Rev. Lett. 106, 042002 (2011).
[16] J.P. Lansberg, arXiv:1107.0292v1 [hep-ph].
[17] R. Vogt, Phys. Rev. C81, 044903 (2010).
[18] B. Abelev et al. [ALICE Collaboration], arXiv:1111.1630v1 [hep-ex].
[19] K. Aamodt et al. [ALICE Collaboration], JINST 3, S08002 (2008).
[20] F. Guerin et al., ALICE Internal. Note, ALICE-INT-2006-002,

https://edms.cern.ch/document/713307/1
[21] S. van der Meer, ISR-PO/68-31, KEK68-64.
[22] K. Oyama et al., Analysis of the May 2010 van der Meer Scan in ALICE

p. 39, CERN-Proceedings-2011-001.
[23] L. Aphecetche et al., ALICE-SCIENTIFIC-NOTE-2011-001.
[24] G. Martínez García [ALICE Collaboration], J. Phys. G 38, 124034 (2011).
[25] S. Vogel, P.B. Gossiaux, K. Werner, J. Aichelin, Phys. Rev. Lett. 107,

032302 (2011).

http://dx.doi.org/10.1103/PhysRevLett.82.35
http://dx.doi.org/10.1103/PhysRevLett.98.232002
http://dx.doi.org/10.1140/epjc/s10052-010-1534-9
http://dx.doi.org/10.1140/epjc/s10052-008-0826-9
http://dx.doi.org/10.1103/PhysRevLett.98.252002
http://dx.doi.org/10.1103/PhysRevLett.98.252002
http://dx.doi.org/10.1016/j.physletb.2009.02.026
http://dx.doi.org/10.1016/j.physletb.2010.09.031
http://dx.doi.org/10.1016/j.physletb.2010.09.031
http://dx.doi.org/10.1016/j.physletb.2011.09.054
http://dx.doi.org/10.1140/epjc/s10052-011-1575-8
http://dx.doi.org/10.1140/epjc/s10052-011-1645-y
http://dx.doi.org/10.1016/j.nuclphysb.2011.05.015
http://dx.doi.org/10.1103/PhysRevLett.106.022003
http://dx.doi.org/10.1103/PhysRevLett.106.042002
http://dx.doi.org/10.1103/PhysRevC.81.044903
http://dx.doi.org/10.1088/1748-0221/3/08/S08002
http://dx.doi.org/10.1088/0954-3899/38/12/124034
http://dx.doi.org/10.1103/PhysRevLett.107.032302
http://dx.doi.org/10.1103/PhysRevLett.107.032302

	1 Introduction
	2 The ALICE detector
	3 Results
	4 Summary

