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We present measurements of event-by-event fluctuations on hadron mul-
tiplicity ratios (K/π, p/π, K/p) in Au+Au collisions at

√
sNN = 7.7, 11.5,

19.6, 39 and 200GeV using the STAR detector at RHIC. The magnitudes of
dynamical fluctuations σdyn for p/π and K/p ratios change smoothly from
a larger negative value at

√
sNN = 7.7GeV to a smaller negative value at

200GeV while that for the K/π ratios exhibits no significant beam energy
dependence. We use a four-event mixing scheme as a reference to eval-
uate dynamical fluctuations related to pair production σpair

dyn for the p/K,
K/p, p̄/p and K−/K+ ratios at

√
sNN = 200GeV. We find that these pair-

related fluctuations all exhibit a maximum at the mid-central collisions and
decrease at the most peripheral and most central collisions.
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1. Introduction

Experimental results from RHIC (the Relativistic Heavy Ion Collider)
indicated that a hot and dense partonic matter has been formed in Au+Au
collisions at

√
sNN = 200GeV [1, 2, 3, 4]. Lattice Quantum ChromoDynam-

ics (QCD) predicted that the transition from partonic to hadronic matter
at the small chemical potential region may be a smooth cross over while
model calculations predict that at higher density the transition becomes the
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first order [5]. It is expected that a critical point exists in the QCD phase
diagram, where the first order phase transition ends. Event-by-event fluctu-
ations in general have been considered as a sensitive probe for nature of the
deconfinement and phase transition, especially in search for the critical point
(e.g. [6]). Recent lattice QCD calculations show a distinct change in baryon
and strangeness susceptibilities at the phase transition temperature [7]. The
change in susceptibilities may be observed in event-by-event multiplicity ra-
tio fluctuations. In order to study the phase transition and search for the
QCD critical point, RHIC started in 2010 an energy scan program, which
has taken Au+Au collision data from

√
sNN = 200GeV down to energies as

low as
√
sNN = 7.7GeV [8].

In these proceedings, we will focus on hadron multiplicity ratio fluctu-
ations from Au+Au collisions at RHIC. Here, we define the event-by-event
K/π ≡ NK++NK−

Nπ++Nπ−
, p/π ≡ Np+Np̄

Nπ++Nπ−
and K/p ≡ NK++NK−

Np+Np̄
. Fluctuations

of these hadron multiplicity ratios have already been studied using different
data sets and observables by the STAR Collaboration [9, 10,11].

2. STAR experiment and data setup

All data sets used in this analysis are from Au+Au collisions at
√
sNN =

7.7, 11.5, 39 and 200GeV from Run 10 and
√
sNN = 19.6GeV from Run 11.

The main tracking detector for charged particles in the STAR experiment
is the Time Projection Chamber (TPC) [12]. Particles have been selected
within |η| < 1 and identified using the specific ionization energy loss (dE/dx)
in the TPC gas. Tracks within 2σ deviation of the expected particle’s Bethe–
Bloch curve are identified as pions, kaons and protons, where σ is the reso-
lution on dE/dx measurement. In order to exclude contaminations from pi-
ons, particles within 2σ of the expected pion Bethe–Block curve are removed
when selecting kaons and protons. We select pions with transverse momen-
tum pT > 0.2GeV/c and momentum p < 0.6GeV/c, kaons with transverse
momentum pT > 0.2GeV/c and momentum p < 0.5GeV/c, protons with
transverse momentum pT > 0.4GeV/c and momentum p < 1.0GeV/c.

The recently completed Time-of-Flight (TOF) detector [13] is also used
in this analysis. Using the Time-of-Flight information of a track from TOF,
along with its momentum determined by the TPC, the square of parti-
cle’s mass can be extracted. Utilizing the TOF allows the pions and kaons
identification with extended momentum coverage up to 1.6GeV/c, protons
identification with extended momentum coverage up to 3.0GeV/c.

In this analysis, a new method by combining TPC and TOF is applied
to identify the particles. If a track has matched momentum from TPC
and Time of Flight from TOF, the square of mass will be used to identify
particles; If the track only has energy loss and momentum information from



Beam Energy Dependence of Event-by-Event Hadron Ratio . . . 505

TPC, the energy loss will be used to identify particles. This method will
ensure the particle identification with the best momentum coverage and
purity.

3. Analysis and results

The relative width of observed event-by-event particle ratio distributions,
σdata = RMS/mean, may have contributions from statistical, instrumental
and dynamical fluctuations, where the dynamical fluctuations is the subject
of interest. The statistical and instrumental fluctuations can be evaluated
using a mixed event technique. The dynamical fluctuations σdyn are then
estimated by subtracting the relative width of ratio distributions from mixed
events with the following formula [14]

σdyn = sign
(
σ2

data − σ2
mixed

)√∣∣σ2
data − σ2

mixed

∣∣ . (3.1)

Here, the mixed events are constructed by randomly selecting tracks from
multiple events with maximum one track from each event reproducing the
multiplicity distribution of the real events. We only mix events with approx-
imately the same multiplicity and vertex position. As a result, the mixed
events have on average the same value of particle ratios as the real events,
but particle correlations are absent.

The K/π fluctuations characterized by σdyn for the most central Au+Au
collisions from the STAR experiments are shown in figure 1 (a) along with re-
sults for the most central Pb+Pb collisions from the NA49 experiments [15].
The same event mixing procedure has been used in these two measurements.
The K/π fluctuations characterized by √νdyn [16] from independent analy-
sis of the same STAR data sets [11] are also shown in figure 1 (a). We find
these two observables are consistent within statistical errors. The K/π fluc-
tuations at RHIC show no significant energy dependence from

√
sNN = 7.7

to 200GeV. This energy dependence result is different from the NA49 ex-
periments which reported that fluctuations increase with the decrease of
beam energies. We have investigated the dependence of the fluctuations
on the detector acceptance within the STAR detector and concluded that
the large difference cannot be attributed solely to acceptance. Three model
predictions from AMPT [17], HSD [18] and UrQMD [19] using the STAR
experimental acceptance are plotted in figure 1.

The p/π fluctuations characterized by σdyn for the most central Au+Au
collisions from the STAR experiments are shown in figure 1 (b) along with
results from the NA49 experiments [15]. The dynamical fluctuations from
the STAR experiments show a smooth increasing from a larger negative value
at
√
sNN = 7.7GeV to a smaller negative value at 20GeV. Results from the

NA49 experiments have the same magnitude and trend at overlap energies
as the STAR data. The STAR measurements of √νdyn from an independent
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analysis of the same data sets [11] are shown in figure 1 (b) which agree with
the measurements of σdyn.
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Fig. 1. Measured K/π (a), p/π (b) and K/p (c) fluctuations for central Au+Au
collisions at

√
sNN = 7.7, 11.5, 19.6, 39 and 200 GeV from the STAR experiments

compared with the central Pb+Pb collisions from the NA49 experiments. Only
statistical errors are shown for the STAR data. Model calculations from AMPT,
HSD and UrQMD with the STAR experimental acceptance are also shown.

The K/p fluctuations characterized by σdyn and √νdyn [11] for the most
central Au+Au collisions from the STAR experiments are shown in
figure 1 (c) along with results from the NA49 experiments [20]. We find
the STAR measurements of σdyn and √νdyn are not exactly the same. The
fact that the multiplicity of protons and kaons in each event are both very
low, plays an important role in the observed differences. The STAR mea-
surements of K/p dynamical fluctuations show the same trend as p/π fluctu-
ations, which is different from the results reported by the NA49 experiments
that fluctuations are positive and increasing with decreasing incident energy.

At
√
sNN = 200GeV beam energy, the net baryon density in the STAR

acceptance is small, and most baryon and strangeness quantum numbers are
pair produced [21]. We propose to use a 4-event mixing scheme to model
single particle statistical and instrumental fluctuations without the presence
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of pairs. Specifically, we take four independent events and choose p, p̄, K+

and K− from these four events, respectively. Such a reference would include
fluctuations from various origins except correlated fluctuations from the pair
production dynamics. We introduce σpair

dyn , defined by

σpair
dyn = sign

(
σ2

data − σ2
4−mixed

)√∣∣σ2
data − σ2

4−mixed

∣∣ , (3.2)

in an effort to isolate the part of the fluctuations caused by pair production.
The σpair

dyn for p/K and K/p multiplicity ratio fluctuations as a function
of the number of collision participants 〈Npart〉 from Au+Au collisions at√
sNN = 200GeV are shown in figure 2 (a). We find that all the fluctua-

tions are positive and there is a good agreement in σpair
dyn values for p/K and

K/p. The magnitude of the fluctuations show a maximum at mid-centrality,
〈Npart〉 ∼ 100–200, and decrease for the most peripheral and most central
collisions. The σpair

dyn for K−/K+ and p̄/p as a function of 〈Npart〉 from
Au+Au collisions at

√
sNN = 200GeV are plotted in figure 2 (b). All fluctu-

ations are negative and maximum fluctuations at mid-centrality are observed
at the same range as p/K (K/p) fluctuations. This is an indication that the
pair production mechanism does indeed have a larger effect on σpair

dyn at mid-
centrality. The extent of these pair fluctuations on the beam energy and the
dynamical formation mechanism is being investigated also.
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Fig. 2. Event-by-event p/K, K/p (a), K−/K+ and p̄/p (b) multiplicity ratio fluc-
tuations σpair

dyn as a function of 〈Npart〉 from Au+Au collisions at
√
sNN = 200GeV.

Only statistical errors are shown.

4. Summary and outlook

In summary, we presented studies of dynamical fluctuations of the K/π,
p/π and K/p ratios on an event-by-event basis from Au+Au collisions at√
sNN = 7.7, 11.5, 19.6, 39 and 200GeV with the STAR detector at RHIC.
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The K/π dynamical fluctuations at RHIC are positive and show no signifi-
cant energy dependence from

√
sNN = 7.7 to 200GeV. Dynamical p/π and

K/p fluctuations tend to increase smoothly from a larger negative value at√
sNN = 7.7GeV to a smaller negative value at 200GeV. We use a 4-event

mixing scheme to evaluate the dynamical fluctuations related to pair pro-
duction dynamics. A strong centrality dependence of σpair

dyn with a maximum
at mid-centrality is observed for the p/K, K/p, K−/K+ and p̄/p ratios
from Au+Au collisions at

√
sNN = 200GeV. The extension of our fluctua-

tion studies to the 27GeV data taken in 2011 and to more proposed beam
energies below 7.7GeV will greatly expand our search window for a possible
critical point in the QCD phase diagram.
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