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The ALICE experiment has measured low-mass dimuon production in pp collisions at
√

s = 7 TeV in the
dimuon rapidity region 2.5 < y < 4. The observed dimuon mass spectrum is described as a superposition
of resonance decays (η,ρ,ω,η′, φ) into muons and semi-leptonic decays of charmed mesons. The mea-
sured production cross sections for ω and φ are σω(1 < pt < 5 GeV/c,2.5 < y < 4) = 5.28 ± 0.54(stat) ±
0.49(syst) mb and σφ(1 < pt < 5 GeV/c,2.5 < y < 4) = 0.940 ± 0.084(stat) ± 0.076(syst) mb. The differ-
ential cross sections d2σ/dy dpt are extracted as a function of pt for ω and φ. The ratio between the ρ
and ω cross section is obtained. Results for the φ are compared with other measurements at the same
energy and with predictions by models.

© 2012 CERN. Published by Elsevier B.V. Open access under CC BY-NC-ND license.
1. Introduction

The measurement of light vector meson production (ρ,ω,φ)
in pp collisions provides insight into soft Quantum Chromody-
namics (QCD) processes in the LHC energy range. Calculations in
this regime are based on QCD inspired phenomenological mod-
els [1] that must be tuned to the data, in particular for hadrons
that contain the u, d, s quarks. The evolution of particle produc-
tion as a function of

√
s is difficult to establish. Measurements at

mid-rapidity in pp collisions at the beam injection energy of the
LHC (

√
s = 0.9 TeV) were performed by the ALICE experiment [2],

and compared with several PYTHIA [3] tunes and PHOJET [4].
The comparison showed that, for transverse momenta larger than
∼1 GeV/c, the strange particle spectra are strongly underestimated
by the models, by a factor of 2 for K0

S and 3 for hyperons, with
a smaller discrepancy for the φ. Extending the measurements to
larger energies and complementary rapidity domains is needed in
order to further constrain the models.

Moreover, light vector meson production provides a reference
for high-energy heavy-ion collisions. In fact, key information on
the hot and dense state of strongly interacting matter produced in
these collisions can be extracted measuring light meson produc-
tion [5–13].

The ALICE experiment at the LHC can access vector mesons pro-
duced in the rapidity range 2.5 < y < 4 through their decays into
muon pairs.1 In this Letter we report results obtained in pp col-
lisions at

√
s = 7 TeV in the dimuon transverse momentum range

✩ © CERN for the benefit of the ALICE Collaboration.
1 In the ALICE coordinates, the muon spectrometer covers the pseudo-rapidity

range −4 < η < −2.5, where the z axis is oriented along the beam direction, anti-
clockwise. However, since in pp collisions results are symmetric with respect to
y = 0, we prefer to drop the negative sign when quoting the rapidity values.

1 < pt < 5 GeV/c based on the full data sample collected in 2010
with a muon trigger with no pt selection. The measurement is
done via a combined fit of the dimuon invariant mass spectrum
after combinatorial background subtraction.

2. Experimental setup

The ALICE detector is fully described elsewhere [14]. The main
detectors relevant for this analysis are the forward muon spec-
trometer, which covers the pseudo-rapidity region −4 < η < −2.5,
the VZERO detector and the Silicon Pixel Detector (SPD) of the In-
ner Tracking System.

The elements of the muon spectrometer are a front hadron ab-
sorber, followed by a set of tracking stations, a dipole magnet, an
iron wall acting as muon filter and a trigger system.

The front hadron absorber is made of carbon, concrete and steel
and is placed at a distance of 0.9 m from the nominal interaction
point (IP). Its total length of material corresponds to ten hadronic
interaction lengths. The dipole magnet is 5 m long and provides a
magnetic field of up to 0.7 T in the vertical direction which gives
a field integral of 3 Tm.

The muon tracking is provided by a set of five tracking stations,
each one composed of two cathode pad chambers. The stations are
located between 5.2 and 14.4 m from the IP, the first two upstream
of the dipole magnet, the third in the middle of the dipole magnet
gap and the last two downstream. The intrinsic spatial resolution
of the tracking chambers is ∼100 μm in the bending direction.

A 1.2 m thick iron wall, corresponding to 7.2 hadronic interac-
tion lengths, is placed between the tracking and trigger systems
and absorbs the residual secondary hadrons emerging from the
front absorber. The front absorber together with the muon filter
stops muons with momentum lower than 4 GeV/c. The muon trig-
ger system consists of two detector stations, placed at 16.1 and
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17.1 m from the IP. Each one is composed of two planes of resis-
tive plate chambers (RPC), with a time resolution of about 2 ns.

The SPD consists of two cylindrical layers of silicon pixel detec-
tors, positioned at a radius of 3.9 and 7.6 cm from the beam. The
pseudo-rapidity range covered by the inner and the outer layer is
|η| < 2.0 and |η| < 1.4, respectively. Besides contributing to the
primary vertex determination, it is used for the input of the level-
0 trigger (L0).

The VZERO detector consists of two arrays of plastic scintillators
placed at 3.4 m and −0.9 m from the IP and covering the pseudo-
rapidity regions 2.8 < η < 5.1 and −3.7 < η < −1.7, respectively.
This detector provides timing information for the L0 trigger and
has a time resolution better than 1 ns, thus giving the possibil-
ity to reject beam–halo and beam–gas interactions in the off-line
analysis.

3. Data selection and analysis

During the pp run in 2010, the instantaneous luminosity de-
livered by the LHC to ALICE ranged from 0.6 × 1029 to 1.2 ×
1030 cm−2 s−1. The fraction of events with multiple interactions
in a single bunch crossing was less than 5%. The data sample used
in this analysis was collected using a single-muon trigger, which
is activated when at least three of the four RPC planes in the two
muon trigger stations give a signal compatible with a track in the
muon trigger system. To evaluate the integrated luminosity (Lint),
another sample was collected in parallel using a minimum bias
(MB) trigger, independent of the muon trigger. It is activated when
at least one out of the 1200 SPD readout chips detects a hit or
when at least one of the two VZERO scintillator arrays has fired, in
coincidence with the arrival of bunches from both sides.

The integrated luminosity was determined by measuring the
MB cross section σMB and counting the number of MB events. The
σMB value is 62.3 mb, and is affected by a 3.5% systematic uncer-
tainty. It was obtained measuring the cross section σV0AND [15],
for the occurrence of coincident signals in the two VZERO detec-
tors (V0AND) in a van der Meer scan [16]. The factor σV0AND/σMB
was obtained as the fraction of MB events where the L0 trigger
input corresponding to the V0AND condition has fired. Its value
is 0.87 and is stable within 0.5% over the analysed data. The full
data sample used for this analysis was used to extract the ω and
φ pt distributions. Part of the data was not collected with the MB
trigger in parallel with the muon trigger. For this fraction, the in-
tegrated luminosity could not be measured and the ω and φ cross
sections were determined with the remaining sub-sample corre-
sponding to Lint = 55.7 nb−1. A rough estimation based on the
number of muon triggers taken in this sub-sample and in the full
data set gives an integrated luminosity of approximately 85 nb−1

for the latter.
Track reconstruction in the muon spectrometer is based on a

Kalman filter algorithm [17,18]. Straight line segments are formed
from the clusters on the two planes of each of the most down-
stream tracking stations (4 and 5), since these are less affected by
the background coming from soft particles that emerge from the
front absorber. Track properties are first estimated assuming that
tracks originate from the IP and are bent in a uniform magnetic
field in the dipole. Afterwards, track candidates starting in station
4 are extrapolated to station 5, or vice versa, and paired with at
least one cluster on the basis of a χ2 cut. Parameters are then re-
calculated using the Kalman filter. The same procedure is applied
to the upstream stations, rejecting track candidates that cannot be
matched to a cluster in the acceptance of the spectrometer. Fi-
nally, fake tracks that share the same cluster with other tracks are
removed and a correction for energy loss and multiple Coulomb
scattering in the absorber is applied by using the Branson correc-

tion [17]. The relative momentum resolution of the reconstructed
tracks is 1% at 13 GeV/c, corresponding to the average momentum
of muons coming from the φ decay.

Muons were selected requiring that the direction and position
of each muon track reconstructed in the tracking chambers match
the ones of the corresponding track in the trigger stations. A cut
on the muon rapidity 2.5 < yμ < 4 was applied in order to remove
the tracks close to the acceptance borders. Muon pairs, obtained
combining the muons in each event, were selected requiring that
both muons satisfy these cuts. Approximately 291,000 opposite-
sign (N+−) and 197,000 like-sign (N++, N−−) muon pairs passed
these selections.

The opposite-sign pairs are composed of correlated and uncor-
related pairs. The former constitute the signal, while the latter,
coming mainly from decays of pions and kaons into muons, form
the combinatorial background, which was evaluated using an event
mixing technique. Pairs were formed using reconstructed tracks,
selected with the criteria described above, and coming from dif-
ferent events that contain a single track in the muon spectrom-
eter. The distribution obtained was normalized to 2R

√
N++N−− ,

where N++ (N−−) is the number of like-sign positive (negative)
pairs integrated in the full mass range. It is assumed that the
like-sign pairs are uncorrelated. The fraction of correlated like-
sign pairs, coming from the decay chain of beauty mesons and
B − B̄ oscillations [19] was determined from the measured open
charm content and the ratio between open beauty and charm
(see below). It amounts to ≈0.5% for 1 < pt < 5 GeV/c and M <

1.5 GeV/c2, and was thus neglected. The R factor is defined as
A+−/

√
A++ A−− , where A+− (A++, A−−) is the acceptance for a

+− (++, −−) pair, and takes into account possible correlations
introduced by the detector. It was evaluated using two meth-
ods. The first employs MC simulations to determine the accep-
tances A±± . The other method uses the mixed-event pairs to esti-

mate R as R = Nmixed+− /2
√

Nmixed++ Nmixed−− , where Nmixed±± is the num-
ber of mixed pairs for a given charge combination. The two meth-
ods are in agreement for pt > 1 GeV/c. We obtain R = 0.95 for
1 < pt < 5 GeV/c. The event mixing procedure was cross-checked
by comparing the results obtained for like-sign mixed pairs with
the non-mixed ones. The shapes are identical, while the number of
like-sign pairs estimated with the event mixing is lower than the
one in the data by 5%. We take this value as the systematic uncer-
tainty on the background normalization. The signal-to-background
ratio for 1 < pt < 5 GeV/c is about 1 at the φ and ω masses. Alter-
natively, the combinatorial background can be evaluated using only
the like-sign pairs in the non-mixed data, and calculating for each
�M mass bin the quantity 2R(�M)

√
N++(�M)N−−(�M). Fig. 1

shows the invariant mass spectrum for opposite-sign muon pairs
in different pt ranges, together with the combinatorial background
estimated with the event mixing technique or using the like-sign
pairs. It is seen that the two techniques are in good agreement for
1 < pt < 5 GeV/c. For lower pair transverse momenta both meth-
ods fail in describing the background. In this region, the method
based on the like-sign pairs gives a background mass spectrum
that overshoots the opposite-sign pair spectrum, while the event
mixing technique does not reproduce the non-mixed like-sign pairs
spectra. The analysis is thus limited to 1 < pt < 5 GeV/c. The event
mixing technique is used, since it is less affected by statistical fluc-
tuations.

After subtracting the combinatorial background from the op-
posite-sign mass spectrum, we obtain the raw signal mass spec-
trum shown in Fig. 2. The mass resolution at the φ mass is
σM ≈ 60 MeV/c2, in good agreement with the Monte Carlo sim-
ulation. The processes contributing to the dimuon mass spectrum
are the light meson (η, ρ , ω, η′ , φ) decays into muons and the
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Fig. 1. (Colour online.) Invariant mass spectra for opposite-sign muon pairs in pp at
√

s = 7 TeV in different pt ranges. The combinatorial background, evaluated from
opposite-sign pairs in mixed events (red line) or like-sign pairs in non-mixed events (blue points), is also shown.
Fig. 2. (Colour online.) Dimuon invariant mass spectrum in pp at
√

s = 7 TeV after
combinatorial background subtraction for 1 < pt < 5 GeV/c (triangles). Light blue
band: systematic uncertainty from background subtraction. Red band: sum of all
simulated contributions. The width of the red band represents the uncertainty on
the relative normalization of the sources.

correlated semi-leptonic open charm and beauty decays. The light
meson contributions were obtained performing a simulation based
on a hadronic cocktail generator. The input rapidity distributions
for all particles are based on a parametrization of PYTHIA 6.4 [3]
results obtained with the Perugia-0 tune [20]. The same proce-

dure is followed for the η′ pt distribution, while for ρ , ω and φ

the transverse momentum is described with a power-law function,
used also by the HERA-B experiment to fit the φ p2

t spectrum [21]:

dN

dpt
= C

pt

[1 + (pt/p0)2]n
. (1)

The parameters n and p0 were tuned iteratively to the results of
this analysis. The pt distribution of η is based on preliminary re-
sults from η production yields measured in the two-photon decay
channel by ALICE [22]. The open charm and beauty generation is
based on a parametrization of PYTHIA [17]. The detector response
for all these processes is obtained with a simulation that uses the
GEANT3 [23] transport code. The simulation results are then sub-
jected to the same reconstruction and selection chain as the real
data. The invariant mass spectrum is fitted with a superposition
of the aforementioned contributions. The free parameters of the fit
are the normalizations of the η → μμγ , ω → μμ, φ → μμ and
open charm signals. The processes η → μμ and ω → μμπ0 are
fixed according to the relative branching ratios. The contribution
from ρ → μμ was fixed by the assumption that the production
cross section of ρ and ω are equal [24–26]. The η′ contribution
was set fixing the ratio between the η′ and η cross sections ac-
cording to PYTHIA. The ratio between the open beauty and open
charm was fixed according to the results from the LHCb Collabora-
tion [27,28]. The main sources of systematic uncertainty are the
background normalization and the relative normalization of the
sources, mainly due to the error on the branching ratios for the
ω and η′ Dalitz decays. The raw numbers of φ and ρ + ω reso-
nances obtained from the fit are Nraw

φ = (3.20 ± 0.15) × 103 and

Nraw
ρ+ω = (6.83 ± 0.15) × 103.
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4. Results

The φ production cross section was evaluated in the range
2.5 < y < 4, 1 < pt < 5 GeV/c through the formula:

σφ = Nraw
φ

AφεφBR(φ → l+l−)

σMB

NMB

NMB
μ

Nμ−MB
μ

,

where Nraw
φ is the measured number of φ mesons, Aφ and εφ are

the geometrical acceptance and the efficiency respectively, NMB is
the number of minimum bias collisions, σMB is the ALICE min-
imum bias cross section in pp collisions at

√
s = 7 TeV, and

NMB
μ /Nμ−MB

μ is the ratio between the number of single muons col-
lected with the minimum bias trigger and with the muon trigger
in the region 2.5 < yμ < 4, pμ

t > 1 GeV/c. The number of mini-
mum bias collisions was corrected, as a function of time, by the
probability to have multiple interactions in a single bunch cross-
ing. Finally, BR(φ → l+l−) = (2.95 ± 0.03) × 10−4 is the branching
ratio into lepton pairs. Assuming lepton universality, this number
is obtained as a weighted mean of the measured branching ra-
tio in μ+μ− with that into e+e− , because the latter has a much
smaller experimental uncertainty than the former [29]. The num-
ber of φ mesons was evaluated by performing a fit to the mass
spectrum for each �pt = 0.5 GeV/c interval in the transverse mo-
mentum range covered by the analysis. The acceptance-corrected
results were then summed in order to obtain the total number of
φ mesons. In this way the dependence of the acceptance correction
on the input pt distribution used for the Monte Carlo simulation
becomes insignificant. Alternatively, a fit was performed on the
mass spectrum integrated over 1 < pt < 5 GeV/c and a global cor-
rection factor was applied. The results of the two approaches agree
within 3%. The first approach was used for the results reported in
this Letter. The φ meson acceptance and efficiency correction in
the range covered by this analysis was evaluated through Monte
Carlo simulations and ranges from 10% to 13%, depending on the
data-taking period. The ratio NMB

μ /Nμ−MB
μ strongly depends on the

data taking conditions and was evaluated as a function of time.
We obtain σφ(1 < pt < 5 GeV/c,2.5 < y < 4) = 0.940 ±

0.084(stat) ± 0.076(syst) mb. The systematic uncertainty results
from the uncertainty on the φ branching ratio into dileptons (1%),
the background subtraction (2%), the muon trigger and tracking
efficiency (4% and 3% respectively), the minimum bias cross sec-
tion (4%) and the ratio NMB

μ /Nμ−MB
μ (3%). The first contribution

has been described above. The uncertainty of the background nor-
malization of 5% translates into a 2% systematic uncertainty on the
cross section, which was evaluated by varying the normalization by
±5% and repeating the fit procedure on the resulting background
subtracted spectra. Other contributions to the systematic uncer-
tainty are common to all analyses in the dimuon channel, and are
extensively discussed elsewhere [30]. Here, only the main points
are briefly summarized. The muon trigger efficiency was estimated
measuring the number of J/ψ mesons decaying into muons, af-
ter efficiency and acceptance corrections, in two ways: in the first
case both muons were required to match the trigger, while in the
second only one muon needed to fulfil this condition. The track-
ing efficiency was evaluated starting from the determination of the
efficiency for individual chambers, computed by taking advantage
from the redundancy of the tracking information in each station.
The same procedure was applied to the data and to the Monte
Carlo simulations. The differences in the results give the systematic
uncertainty on the tracking efficiency. The error on the minimum
bias cross section is mainly due to the uncertainties in the beam
intensities [31] and in the analysis procedure adopted for the de-
termination of the beam luminosity via the van der Meer scan. The
error on the ratio NMB

μ /Nμ−MB
μ was evaluated comparing the value

Fig. 3. Top: Inclusive differential φ production cross section d2σφ/dy dpt for 2.5 <

y < 4. The error bars represent the quadratic sum of the statistical and system-
atic uncertainties, the red boxes the point-to-point uncorrelated systematic uncer-
tainty, the blue box on the left the error on normalization. Data are fitted with
Eq. (1) (solid line) and compared with the Perugia-0, Perugia-11, ATLAS-CSC and
D6T PYTHIA tunes and with PHOJET. Bottom: Ratio between data and models.

measured as described above with the information obtained from
the trigger scalers, taking into account the dead time of the trig-
gers [32]. The uncertainty on the acceptance correction related to
the limited knowledge of the rapidity distributions, was obtained
changing the input distributions according to the models under
test (see below). It resulted below 1% and was thus neglected. The
uncertainty on the input pt distribution in the Monte Carlo sim-
ulation is negligible, as discussed above. The uncertainty due to
the unknown spin alignment of the φ was evaluated on the basis
of the measurements reported in [10,33,34] and was found to be
negligible.

Table 1 compares the present measurement with some com-
monly used tunes of PYTHIA [3] (Perugia-0 [20], Perugia-11 [35],
ATLAS-CSC [36] and D6T [37]) and PHOJET [4]. It can be seen that
Perugia-0 and Perugia-11 underestimate the φ cross section (by
about a factor of 2 and 1.5, respectively), while the others agree
with the measurement within its error.

The differential cross section d2σφ/dy dpt is shown in Fig. 3
(top). Numerical values are reported in Table 2. pt-dependent con-
tributions to the systematic uncertainties, due to the uncertainty
on trigger and tracking efficiency and background subtraction, are
indicated as red boxes. The uncertainty on the minimum bias cross
section, branching ratio and NMB

μ /Nμ−MB
μ ratio contribute to the

uncertainty in the overall normalization. As stated above, the φ

cross section is extracted from a sub-sample of the data used to
determine the pt distribution, and is thus affected by a larger
statistical uncertainty, resulting in a 5% contribution to the nor-
malization error. Fitting the expression in Eq. (1) (solid line) to
the differential cross section gives p0 = 1.16 ± 0.23 GeV/c and
n = 2.7 ± 0.2. The PYTHIA and PHOJET predictions are also dis-
played in Fig. 3, where the bottom panel shows the ratio between
the measurement and the model predictions. PYTHIA with the
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Table 1
Measured cross sections and ratios compared to the calculation from PYTHIA with several tunes and PHOJET in the range 1 < pt < 5 GeV/c, 2.5 < y < 4.

σφ (mb) σω (mb) Nφ

Nρ+Nω
σρ/σω

ALICE μμ measurement 0.940 ± 0.084 ± 0.076 5.28 ± 0.54 ± 0.49 0.416 ± 0.032 ± 0.004 1.15 ± 0.20 ± 0.12
PYTHIA/Perugia-0 0.50 5.60 0.22 1.03
PYTHIA/Perugia-11 0.62 7.81 0.20 1.03
PYTHIA/ATLAS-CSC 0.91 6.50 0.35 1.05
PYTHIA/D6T 1.12 9.15 0.30 1.04
PHOJET 0.87 6.89 0.30 1.08

Table 2
φ and ω differential cross sections for 2.5 < y < 4. Statistical, bin-to-bin uncorrelated and correlated systematic errors are reported.

pt (GeV/c) d2σφ/dy dpt (mb/(GeV/c)) d2σω/dy dpt (mb/(GeV/c))

[1,1.5] 0.695 ± 0.079 ± 0.046 ± 0.051 3.69 ± 0.35 ± 0.24 ± 0.31
[1.5,2] 0.268 ± 0.032 ± 0.018 ± 0.020 1.75 ± 0.15 ± 0.12 ± 0.15
[2,2.5] 0.147 ± 0.014 ± 0.010 ± 0.011 0.857 ± 0.069 ± 0.057 ± 0.073
[2.5,3] 0.0665 ± 0.0074 ± 0.0044 ± 0.0049 0.339 ± 0.029 ± 0.022 ± 0.029
[3,3.5] 0.0403 ± 0.0044 ± 0.0027 ± 0.0030 0.220 ± 0.019 ± 0.011 ± 0.019
[3.5,4] 0.0169 ± 0.0031 ± 0.0011 ± 0.0012 0.0880 ± 0.0088 ± 0.0058 ± 0.0075
[4,4.5] 0.0131 ± 0.0022 ± 0.0009 ± 0.0010 0.0648 ± 0.0062 ± 0.0043 ± 0.0055
[4.5,5] 0.0069 ± 0.0017 ± 0.0005 ± 0.0005 0.0301 ± 0.0039 ± 0.0020 ± 0.0026
Fig. 4. (Colour online.) Top: Inclusive differential φ production cross section
d2σφ/dy dpt , as measured via the decay into dimuons (black triangles). The blue
box on the left represents the error on normalization. The data are compared to the
measurements in the kaon decay channel by LHCb (black open circles) [38]. Bot-
tom: Fit to the differential cross section measured in dimuons divided by the cross
section measured in the kaon channel by LHCb.

ATLAS-CSC and D6T tunes reproduces the measured differential
cross section, while the others predict a slightly harder pt spec-
trum.

The results are compared to measurements of φ → K+K− for
2.44 < y < 4.06 by the LHCb Collaboration [38] in Fig. 4. The ob-
served shapes of the pt distributions are similar. In order to com-
pare with our integrated cross section result, the differential cross
section measurement by LHCb was integrated for 1 < pt < 5 GeV/c
and scaled by a small correction factor, obtained from PYTHIA
(Perugia-0), to account for the slight difference in rapidity accep-

Fig. 5. Ratio Nφ/(Nρ + Nω) as a function of the dimuon transverse momentum.

tance. The result is σφ = 1.07 ± 0.15(stat. + syst.) mb. When the
statistical errors and the part of the systematic uncertainty which
is not correlated among the two experiments are properly taken
into account, the two measurements are in agreement.

The ratio Nφ/(Nρ + Nω) = BR(φ → μμ)σφ/[BR(ρ → μμ)σρ +
BR(ω → μμ)σω], corrected for acceptance and efficiency, was
calculated for 1 < pt < 5 GeV/c, giving 0.416 ± 0.032(stat) ±
0.004(syst). Systematic uncertainties are due to the normalizations
of ω → μμπ0, η′ → μμγ and combinatorial background. The un-
certainty due to the acceptance and the efficiency is negligible.
The corresponding ratio is calculated with PYTHIA and PHOJET.
All the predictions underestimate the measured ratio, as reported
in Table 1. The pt dependence of this ratio is shown in Fig. 5.
The Perugia-0, Perugia-11 and D6T tunes systematically underes-
timate this ratio, while PHOJET correctly reproduces the data for
pt > 3 GeV/c, and ATLAS-CSC is in agreement with the measure-
ment for pt > 1.5 GeV/c.

In order to extract the ω cross section, the ρ and ω contri-
butions must be disentangled, leaving the ρ normalization as an
additional free parameter in the fit to the dimuon mass spectrum.
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Fig. 6. (Colour online.) Top: Inclusive differential ω production cross section
d2σω/dy dpt for 2.5 < y < 4. The error bars represent the quadratic sum of the
statistical and systematic uncertainties, the red boxes the point-to-point uncorre-
lated systematic uncertainty, the blue box on the left the error on normalization.
Data are fitted with Eq. (1) (solid line) and compared with the Perugia-0, Perugia-
11, ATLAS-CSC and D6T PYTHIA tunes and PHOJET. Bottom: Ratio between data and
models.

The result of the fit for 1 < pt < 5 GeV/c gives σρ/σω = 1.15 ±
0.20(stat) ± 0.12(syst), in agreement with model predictions, as
shown in Table 1. The systematic uncertainty was evaluated chang-
ing the normalizations of the η′ → μμγ and ω → μμπ0 ac-
cording to the uncertainties in their branching ratios and the
background level by ±10%, which corresponds to twice the un-
certainty in the normalization. The ω production cross section,
calculated from this ratio, is σω(1 < pt < 5 GeV/c,2.5 < y < 4) =
5.28 ± 0.54(stat) ± 0.49(syst) mb. This value is in agreement with
the Perugia-0 PYTHIA tune, while the other tunes and PHOJET
overestimate the ω cross section, as shown in Table 1.

In Fig. 6 (top) the ω differential cross section is shown. Numer-
ical values are reported in Table 2. A fit of Eq. (1) (solid line) to
the data gives p0 = 1.44 ± 0.09 GeV/c and n = 3.2 ± 0.1. As shown
in the same figure (bottom), all the PYTHIA tunes reproduce the pt
slope, while PHOJET gives a slightly harder spectrum.

5. Conclusions

Vector meson production in pp collisions at
√

s = 7 TeV was
measured through the dimuon decay channel in 2.5 < y < 4 and
1 < pt < 5 GeV/c. The inclusive φ production cross section σφ(1 <

pt < 5 GeV/c,2.5 < y < 4) = 0.940 ± 0.084(stat) ± 0.076(syst) mb
was measured with a sample corresponding to an integrated lumi-
nosity Lint = 55.7 nb−1. Calculations based on PHOJET and PYTHIA
with the ATLAS-CSC and D6T tunes give results that are in agree-
ment with the measurement, while the Perugia-0 and Perugia-11
PYTHIA tunes underestimate the cross section by about a factor
of 2 and 1.5, respectively. The ratio Nφ/(Nρ + Nω), calculated for
1 < pt < 5 GeV/c, gives 0.416 ± 0.032 ± 0.004. This value is repro-
duced by PHOJET for pt > 3 GeV/c, and by the ATLAS-CSC tune for

pt > 1.5 GeV/c, while the other tunes underestimate the ratio in
the full range 1 < pt < 5 GeV/c. By measuring the ratio of the ρ
and ω cross sections, σρ/σω = 1.15±0.20(stat)±0.12(syst), it was
possible to extract the inclusive ω production cross section σω(1 <

pt < 5 GeV/c,2.5 < y < 4) = 5.28 ± 0.54(stat) ± 0.49(syst) mb.
While all models correctly reproduce the measured σρ/σω ratio,
the ω cross section is correctly reproduced only by the Perugia-0
calculation, and overestimated by the others. The differential pro-
duction cross sections of ω and φ were measured. The pt depen-
dence of the φ cross section agrees well with other measurements
done in the kaon decay channel. The ATLAS-CSC and D6T tunes
correctly reproduce the φ pt spectrum, while the other calcula-
tions predict harder spectra. PHOJET predicts also a slightly harder
pt spectrum for the ω, while PYTHIA provides slopes which are
closer to the one obtained with this measurement.
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M. Kalisky 54, T. Kalliokoski 38, A. Kalweit 53, K. Kanaki 15, J.H. Kang 123, V. Kaplin 70, A. Karasu
Uysal 30,122, O. Karavichev 44, T. Karavicheva 44, E. Karpechev 44, A. Kazantsev 89, U. Kebschull 62,51,
R. Keidel 124, M.M. Khan 14, P. Khan 90, S.A. Khan 116, A. Khanzadeev 76, Y. Kharlov 43, B. Kileng 32,
D.W. Kim 37, M. Kim 123, J.H. Kim 17, S.H. Kim 37, S. Kim 17, B. Kim 123, T. Kim 123, D.J. Kim 38, J.S. Kim 37,
S. Kirsch 36,30, I. Kisel 36, S. Kiselev 46, A. Kisiel 30,118, J.L. Klay 4, J. Klein 83, C. Klein-Bösing 54,
M. Kliemant 52, A. Kluge 30, M.L. Knichel 86, K. Koch 83, M.K. Köhler 86, A. Kolojvari 117, V. Kondratiev 117,
N. Kondratyeva 70, A. Konevskikh 44, A. Korneev 88, C. Kottachchi Kankanamge Don 119, R. Kour 91,
M. Kowalski 104, S. Kox 65, G. Koyithatta Meethaleveedu 41, J. Kral 38, I. Králik 47, F. Kramer 52, I. Kraus 86,
T. Krawutschke 83,31, M. Kretz 36, M. Krivda 91,47, F. Krizek 38, M. Krus 34, E. Kryshen 76, M. Krzewicki 73,86,
Y. Kucheriaev 89, C. Kuhn 58, P.G. Kuijer 73, P. Kurashvili 101, A.B. Kurepin 44, A. Kurepin 44, A. Kuryakin 88,
V. Kushpil 74, S. Kushpil 74, H. Kvaerno 18, M.J. Kweon 83, Y. Kwon 123, P. Ladrón de Guevara 55,
I. Lakomov 117, R. Langoy 15, C. Lara 51, A. Lardeux 102, P. La Rocca 24, C. Lazzeroni 91, R. Lea 20,
Y. Le Bornec 42, K.S. Lee 37, S.C. Lee 37, F. Lefèvre 102, J. Lehnert 52, L. Leistam 30, M. Lenhardt 102,
V. Lenti 94, H. León 56, I. León Monzón 106, H. León Vargas 52, P. Lévai 60, X. Li 11, J. Lien 15, R. Lietava 91,



ALICE Collaboration / Physics Letters B 710 (2012) 557–568 565

S. Lindal 18, V. Lindenstruth 36, C. Lippmann 86,30, M.A. Lisa 16, L. Liu 15, P.I. Loenne 15, V.R. Loggins 119,
V. Loginov 70, S. Lohn 30, D. Lohner 83, C. Loizides 68, K.K. Loo 38, X. Lopez 64, E. López Torres 6,
G. Løvhøiden 18, X.-G. Lu 83, P. Luettig 52, M. Lunardon 22, J. Luo 40, G. Luparello 45, L. Luquin 102,
C. Luzzi 30, R. Ma 120, K. Ma 40, D.M. Madagodahettige-Don 110, A. Maevskaya 44, M. Mager 53,30,
D.P. Mahapatra 48, A. Maire 58, M. Malaev 76, I. Maldonado Cervantes 55, L. Malinina 59,ii, D. Mal’Kevich 46,
P. Malzacher 86, A. Mamonov 88, L. Manceau 95, L. Mangotra 81, V. Manko 89, F. Manso 64, V. Manzari 94,
Y. Mao 65,40, M. Marchisone 64,26, J. Mareš 49, G.V. Margagliotti 20,98, A. Margotti 96, A. Marín 86,
C. Markert 105, I. Martashvili 112, P. Martinengo 30, M.I. Martínez 1, A. Martínez Davalos 56, G. Martínez
García 102, Y. Martynov 2, A. Mas 102, S. Masciocchi 86, M. Masera 26, A. Masoni 93, L. Massacrier 109,
M. Mastromarco 94, A. Mastroserio 28,30, Z.L. Matthews 91, A. Matyja 102, D. Mayani 55, C. Mayer 104,
J. Mazer 112, M.A. Mazzoni 99, F. Meddi 23, A. Menchaca-Rocha 56, J. Mercado Pérez 83, M. Meres 33,
Y. Miake 114, A. Michalon 58, J. Midori 39, L. Milano 26, J. Milosevic 18,iii, A. Mischke 45, A.N. Mishra 82,
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