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In this paper, we present the PHENIX preliminary results on the φ mesons mass and
width, reconstructed from the K+K− decay in Au+Au collisions at

√
SNN = 200 GeV.

The production of φ mesons in 200 GeV Au+Au collisions has also been studied in both
the K+K− and the e+e− decay channels. The yield and effective temperature obtained
from invariant transverse mass (mT ) spectra are studied and compared as a function
of centrality in both decay channels.

1 Introduction

An extremely dense and hot matter with hints of partonic properties has been generated at
RHIC using ultra-heavy ion collisions [2]. The mass and width of φ mesons may change in
this medium [3]. Since the φ meson is the lightest ss̄ bound state and its mass is close to
two times the kaon mass, even a small mass shift will cause a large change in the branching
ratio of φ → e+e− and φ → K+K− . Thus, comparison of the yield in these two decay
channels provides a sensitive probe to study the properties of the medium. It also could
provide information about the partial chiral symmetry restoration and help us understand
the origin of mass. In the paper, we present the φ meson mass, width and their centrality
dependence in 200 GeV Au+Au collisions. We also present the φ mesons yield obtained in
the e+e− and the K+K− decay channels from the same energy and collision system.

2 Analysis Method

The PHENIX experiment [4] has two central spectrometers, which cover 900 in azimuth
and pseudorapidity of |η| < 0.35. Each arm can measure the momentum of charged parti-
cles produced in RHIC collisions using the Drift Chamber (DC) and the first layer of the
Pad Chamber (PC1). The Beam-Beam Counters (BBC) in combination with Zero Degree
Calorimeters (ZDC) provide the trigger and are used to determine the z-coordinate of the
collision vertex and the event centrality. PHENIX also has a 130 ps timing resolution TOF
subsystem covering half of the East arm and a 500 ps timing resolution Electromagnetic
Calorimeter (EMCal) covering both arms. The TOF and EMCal identify kaons within
0.3 < p(GeV/c) < 2.0 and 0.3 < p(GeV/c) < 1.0 respectively. Electrons are identified
with the Ring Imaging Cherenkov Detector (RICH) and EMCal. To reconstruct the φ
meson using the e+e− and the K+K− decays, we combine oppositely charged identified
particles to form invariant mass distributions containing both the signal and combinato-
rial background. The shape of the combinatorial background is estimated by the mixed
event technique, where particles are taken from different events which have similar mul-
tiplicity and collision vertex. The mixed event invariant mass distribution is normalized
to 2

√
N++N−−, where N++ and N−− are the measured integrals of like sign yields [5].

DIS 2007DIS 2007 735



Figure 1: The centrality dependence of the φ meson mass and width in 200 GeV Au+Au
collisions

Raw yields are counted around known particle masses after subtraction of invariant mass
distributions from mixed events. To study the φ mesons mass and width, we use a Breit
Wigner convolved with a Gaussian function to fit the φ meson invariant mass distribu-
tion. The Gaussian function is implemented to take into account the finite mass resolu-
tion of the detector which has been determined to be about 1.4MeV/c2 by the simulation.

Figure 2: The centrality dependence of the φ
meson yield measured using the e+e− and the
K+K− decay channels

3 Results and Discussions

Fig.1 shows the mass and width of φ mesons
obtained from 200 GeV Au+Au collisions
in the K+K− decay channel. The left plot
shows the mass of the φ mesons as a func-
tion of the number of nucleons participating
in the collisions. The systematic errors are
represented by two lines. The systematic
errors are mainly due to the uncertainty in
the magnet field. The simulation study in-
dicates that this field uncertainty will cause
about 0.9 MeV mass uncertainty. The right
plot shows the mass width of the φ mesons
as a function of the number of participants.
The statistical errors are shown with blue
lines and the systematic errors are shown
as shadowed boxes. The systematic errors
were evaluated by varying the normalization method and the fit region in the invariant mass
distributions. The results shown in Fig.1 indicate that there is no centrality dependence
of the φ mesons mass and width, and that the measurements are consistent with the PDG
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value.

Fig.2 shows the yield of φ mesons obtained at mid-rapidity from the e+e− and K+K−

decays in 200 GeV Au+Au collisions. The two solid squares show the φ meson yield from
the e+e− decay at centrality of 40 − 92% and 20 − 40%. The yield is obtained by fit-
ting the invariant transverse mass (mT ) spectra with an exponential function. The yield
from the e+e− decays in the most central collisions is shown as triangle and the mini-
mum bias result is shown as open square. The solid circles show the φ meson yield from
the K+K− decays at different centralities. The systematic errors come primarily from
the choice of the normalization method and the mass window in which the raw yield is
counted. As Fig.2 shows, the yield obtained from the K+K− and e+e− decays are sim-
ilar and are consistent with each other within the quoted systematic errors. No signif-
icant difference is observed. However, we note that the life time of φ meson is around
40 fm/c. Only low momentum (< 1 GeV/c) φ mesons are expected to decay inside the
medium. So, a low momentum study of the mass centroid and width as well as a direct
yield comparison between the two decay channels is desirable. The background in the low
momentum region in the φ → e+e− decay channel is prohibitively large. This measure-
ment will become possible with the PHENIX hadron blind detector (HBD) upgrade, which
will suppress the background by a factor of 30 in e+e− decays. After the upgrade, it will
be possible to test whether the branching ratio changes in the presence of the medium.

Figure 3: The centrality dependence of the ef-
fective temperature from the φ meson invari-
ant mT spectra in 200 GeV Au+Au collisions

Fig.3 shows the inverse slope (effective tem-
perature) obtained from an exponential fit
to the invariant transverse mass (mT ) spec-
tra of φ mesons from K+K− and e+e− de-
cays. The solid circles are the K+K− decay
results and the square data points are the
e+e− decay results. The effective tempera-
ture shows little or no centrality dependence
in both decay channels. The two results are
consistent within errors. One may expect
that the inverse slopes will differ, if the de-
cay kaons were affected strongly by hadronic
re-scattering. However within the present
errors, we do not see such an effect.

4 Conclusions

The PHENIX experiment has measured the
production of φ mesons using their decays
into K+K− and e+e−. The mass and width
of the φ mesons using the K+K− decay channel were found to be independent of the
centrality of the collisions and consistent with the PDG values. The integrated yield and
effective temperatures obtained from the K+K− and the e+e− decay channels are consistent
with each other at different centralities within the large systematic errors. In the future,
the new HBD detector will help us to refine these measurements by suppressing the large
background in the e+e− decay channel.
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