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The production of J{ψ and Υ mesons is studied in pp collisions at
?

s “ 7 TeV with the CMS

experiment at the LHC. The J{ψ measurement is based on a dimuon sample corresponding

to an integrated luminosity of 314 nb´1. The J{ψ differential cross section is determined,

as a function of the J{ψ transverse momentum, in three rapidity ranges. A fit to the decay

length distribution is used to separate the prompt from the non-prompt (b hadron to J{ψ)

component. Integrated over the J{ψ transverse momentum from 6.5 to 30 GeV/c and over

rapidity in the range |y| ă 2.4, the measured cross sections, times the dimuon decay branching

fraction, are 70.9˘ 2.1pstat.q ˘ 3.0psyst.q ˘ 7.8plumi.q nb for prompt J{ψ mesons, assuming

unpolarized production, and 26.0˘ 1.4pstat.q ˘ 1.6psyst.q ˘ 2.9plumi.q nb for J{ψ mesons from

b-hadron decays. The Υ measurement is based on a dimuon sample corresponding to an

integrated luminosity 3.1˘ 0.3 pb´1. Integrated over the rapidity range |y| ă 2, we find

the product of the Υp1Sq production cross section and branching fraction to dimuons to

be 7.37 ˘ 0.13pstat.q`0.61
´0.42psyst.q ˘ 0.81plumi.q nb. This cross section is obtained assuming

unpolarized Υp1Sq production. If the Υp1Sq production polarization is fully transverse or fully

longitudinal, the cross section changes by about 20 %.

The hadroproduction of quarkonia is not understood since none of the existing theories
successfully reproduces both the differential cross section and the polarization measure-
ments of the J{ψ or Υ states [1]. It is expected that studying quarkonium hadroproduction
at higher center-of-mass energies and over a wide rapidity range will facilitate significant
improvements in our understanding. Measurements of quarkonium hadroproduction cross
sections and production polarizations made at the Large Hadron Collider (LHC) will allow
important tests of several alternative theoretical approaches, including non-relativistic QCD
(NRQCD) factorization [2].

The data samples used in these analyses were recorded by the CMS detector [3] in pp
collisions at a center-of-mass energy of 7 TeV. Many more details in these analyses are
available in Refs. [4, 5]. The trigger requires the detection of two muons at the hardware
level, without any further selection at the high-level trigger (HLT). The coincidence of two
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muon signals without an explicit pT requirement is sufficient to maintain the dimuon trigger
without prescaling. All three detectors in the muon systems, drift tubes, cathode-strip and
resistive-plate chambers, take part in the trigger decision.

Each muon is required to satisfy:

pµ
T ą 3.5 GeV/c if |ηµ| ă 1.6;(1)

pµ
T ą 2.5 GeV/c if 1.6 ă |ηµ| ă 2.4 (for Υ selection).

pµ
T ą 3.3 GeV/c if |ηµ| ă 1.3; pµ ą 2.9 GeV/c if 1.3 ă |ηµ| ă 2.2;(2)

pµ
T ą 2.4 GeV/c if 2.2 ă |ηµ| ă 2.4 (for J{ψ selection).

The dimuon invariant-mass spectra in the J/ψ and ΥpnSq regions are shown in Fig. 1. The

)2 invariant mass (GeV/c-µ +µ
2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

 )2
E

ve
nt

s 
/ (

 0
.0

2 
G

eV
/c

0

200

400

600

800

1000

)2 invariant mass (GeV/c-µ +µ
2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

 )2
E

ve
nt

s 
/ (

 0
.0

2 
G

eV
/c

0

200

400

600

800

1000  = 7 TeVsCMS  -1 = 314 nbintL

2 = 28 MeV/cσ

| < 1.2
ψJ/

|y

data

signal+background

background-only

Figure 1: The dimuon invariant-mass distribution in the vicinity of the J/ψ resonance for
|yJ{ψ| ă1.2 (left) and ΥpnSq resonances for |ηµ| ă2.4 (right) .

acceptance A is defined as the fraction of detectable J{ψ Ñ µ`µ´ or Υ Ñ µ`µ´ decays, as
a function of the dimuon transverse momentum pT and rapidity y,

(3) AppT, y; λθq “
NdetppT, y; λθq

NgenppT, y; λθq
,

where Ndet is the number of detectable J/ψ or Υ events in a given (pT, y) bin, expressed
in terms of the dimuon variables after detector smearing, and Ngen is the corresponding
total number of generated J/ψ or Υ events in the Monte Carlo simulation. The parameter
λθ reflects the fact that the acceptance is computed for various polarization scenarios.

The total muon efficiency can be factorized into three conditional terms,

(4) εptotalq “ εptrig|idq ¨ εpid|trackq ¨ εptrack|acceptedq ” εtrig ¨ εid ¨ εtrack .

The tracking efficiency, εtrack, is the efficiency for a muon track from the quarkonium decay
to be reconstructed in the presence of other activity in the silicon tracker, as determined with
a track-embedding technique [6]. The muon identification efficiency, εid, is the probability
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that the track in the silicon tracker is identified as a muon and is based on the tag-and-
probe [7] method. The efficiency that an identified muon satisfies the trigger, εtrig, is again
measured with the same technique.

The differential cross section is determined from the signal yield, Nfit, obtained directly from
a weighted fit to the dimuon invariant-mass spectrum, after correcting for the acceptance
(A) and the total efficiency (ε), through the equation:

(5)
d2σ

dpT dy
¨ B

`

X Ñ µ`µ´
˘

“
Nfitx

1
A,εy

L ¨ ∆pT ¨ ∆y
,

upon normalization by the integrated luminosity of the dataset, L, and by the bin widths,
∆pT and ∆y, of the dimuon transverse momentum and rapidity.

The yields are extracted via an unbinned maximum likelihood fit. The measured mass-
lineshape of the J/ψ and each of the three Υ states is parameterized by a “Crystal Ball” (CB)
function. A second-degree polynomial is chosen to describe the background for the ΥpnSq
states and an exponential function for the J/ψ background.

The ΥpnSq integrated production cross sections times branching fractions for the range
|y| ă 2 are measured to be:

σppp Ñ Υp1SqXq ¨ BpΥp1Sq Ñ µ`µ´q “ 7.37˘ 0.13pstat.q`0.61
´0.42psyst.q ˘ 0.81plumi.qnb ,(6)

σppp Ñ Υp2SqXq ¨ BpΥp2Sq Ñ µ`µ´q “ 1.90˘ 0.09pstat.q`0.20
´0.14psyst.q ˘ 0.24plumi.qnb ,

σppp Ñ Υp3SqXq ¨ BpΥp3Sq Ñ µ`µ´q “ 1.02˘ 0.07pstat.q`0.11
´0.08psyst.q ˘ 0.11plumi.qnb .

The Υp1Sq and Υp2Sqmeasurements include feed-down from higher-mass states, such as
the χb family and the Υp3Sq. These measurements assume unpolarized ΥpnSq production.
Assumptions of fully-transverse or fully-longitudinal polarizations change the cross sections
by about 20%. The ΥpnSq differential pT cross sections are shown in Fig. 2 (left).

The total cross section times branching fraction for inclusive J/ψ production, obtained by
integrating over pT between 6.5 and 30 GeV/c and over rapidity |y| ă 2.4 in the unpolarized-
production hypothesis, is:

(7) σppp Ñ J{ψ` Xq ¨ BRpJ{ψ Ñ µ`µ´q “ 97.5˘ 1.5(stat.)˘ 3.4(syst.)˘ 10.7(lumi.) nb.

Fig. 2 (middle) shows the inclusive differential cross section in the three rapidity ranges,
and Fig. 2 (right) shows the measured fraction of J/ψ from b-hadron decays (non-prompt)
as a function of J/ψ pT. It increases strongly with pT. At low pT, essentially all J/ψ mesons
are promptly produced, whereas at pT „ 12 GeV/c around one third come from beauty
decays. This pattern does not show a significant change with rapidity (within the current
uncertainties) over the range covered by the CMS detector. In Fig. 2 (right), the CMS results
are compared to the measurements of CDF [8], obtained in pp collisions at

?
s “ 1.96 TeV. It

is interesting to note that the increase of the b fraction with pT is very similar between the
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Figure 2: (left) ΥpnSq differential cross sections in the rapidity interval |y| ă 2, (middle)
fraction of the J/ψ production cross section originating from b-hadron decays, as a function
of the J/ψ pT , as measured by CMS in three rapidity bins and by CDF, at a lower collision
energy, (right) differential inclusive J{ψ cross section as a function of pT for the three
different rapidity intervals and in the unpolarized-production scenario.

two experiments, the CMS points being only slightly higher, despite the different collision
energies.

The J/ψ differential prompt and non-prompt measurements have been compared with
theoretical calculations. A reasonable agreement is found between data and theory for the
non-prompt case while the measured prompt J/ψ cross section exceeds the expectations at
forward rapidity and low pT.

Under the assumption that the cross section is uniform in rapidity for the measurement
range of each experiment, the ΥpnSq cross sections measured at

?
s =7 TeV are about three

times larger than the cross sections measured at the Tevatron. This work provides new
experimental results which will serve as input to ongoing theoretical investigations of the
correct description of bottomonium production.
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