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1. Introduction

The PHENIX Experiment at Brookhaven National Laboratory’s Relativistic Heavy Ion Col-

lider (RHIC) has been participating in a beam energy scan program whose goal is to probe different

regions of the QCD phase diagram in a search for the critical point predicted by QCD calculations.

The program has been taking data from 2000-2014 with Au+Au datasets taken at the following en-

ergies: 200, 62.4, 39, 27, 19.6, 14.5, and 7.7 GeV. An additional dataset at 130 GeV was collected

in 2001. This report shows the �rst results from the 14.5 GeV Au+Au dataset, which was taken in

2014.

2. Transverse Energy Production and Bjorken Energy Density

Figure 1 shows the value of dET=dh normalized by the number of nucleon participant pairs,

Npart , for central collisions (0-5% centrality for PHENIX data) as a function of
p

sNN . The data

below 100 GeV follow a linear trend as indicated by the line, which is a linear �t to all of the data

points excluding the LHC data point. The LHC data point exceeds this trend by more than a factor

of two.

Figure 1: The value of dET=dh at mid-rapidity normalized by the number of nucleon participant pairs as a

function of
p

sNN for Au+Au collisions. The red line is an exponential �t to all of the data points excluding

the ALICE point. The ALICE data are taken from [1].

The trend followed by transverse energy production can be examined in terms of the Bjorken

energy density [2], which is given by

eB j =
1

A?t

dET

dy
: (2.1)

Figure 2 shows the Bjorken energy density multiplied by t as a function of
p

sNN on a log-log plot

for the most central collisions. The straight line shows that a power law �t to all of the data points

describes the data well with a power of 0.41.
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Figure 2: The log of the Bjorken energy density multiplied by t for central collisions collisions versus the

log of
p

sNN . The purple line is a power law �t to all of the data points. The numbers state the value of
p

sNN

for each point.

3. Nucleon Participant and Quark Participant Scaling

It has been well established that charged particle multiplity and transverse energy production

at the top RHIC energies does not scale well with the number of nucleon participant pairs [3, 4].

Now, with the availability of the RHIC beam energy scan data, it is possible to determine if this

scaling holds for lower energy collisions and begin to isolate the collision energy at which the

scaling begins to break down. Since the overall behavior of both of these observables (dNch=dh

and dET=dh) is identical, only transverse energy production will be discussed in this section.

Figure 3 shows dET=dh normalized by the number of nucleon participant pairs as a function of the

number of nucleon participants. This �gure shows that as the collision energy decreases, especially

below 62 GeV, the data begin to scale well with the number of nucleon participants. This �gure

includes the 14.5 GeV Au+Au data taken this year. In order to illustrate this, a variable RPC is

constructed as follows:

RPC =
dET=dh

dET=dh [0� 5% centrality]
(3.1)

If the data scales with the number of nucleon participants, then the data should lie on the RPC =

1 line. Figure 4 shows the value of RPC for all of the datasets from the RHIC beam energy scan.

The data below 62 GeV are consistent with Npart scaling. Note that the LHC data do not scale with

Npart .

There have been previous studies of the scaling of particle production with the number of

quark participants [5, 6]. In this study, a Glauber model calculation [7] is used to estimate the

number of quark participants as a function of the centrality of the collision. For this estimate,

nucleons are �rst distributed within each nucleus according to a Woods-Saxon distribution. Each

nucleon is then replaced by three quarks distributed around the center of each nucleon with a
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Figure 3: The value of dET=dh normalized by the number of nucleon participant pairs at mid-rapidity as a

function of Npart . Error bars represent statistical errors and the lines de�ne the boundaries of the systematic

errors for each system.

Figure 4: The value of RPC plotted as a function of Npart . The red line is a constant line at RPC = 1. The

error bars represent systematic errors, which can be correlated from point to point.
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radial distribution sampled from the proton form factor. A pair of quarks from each nucleus are

considered to interact with each other if their separation, d, in the plane transverse to the beam axis

satis�es the condition d <
q

s inel
qq =p , where s inel

qq is the inelastic quark-quark cross section. The

value of s inel
qq is determined by varying its value for the case of nucleon-nucleon collisions until the

known inelastic nucleon-nucleon cross section is reproduced. The number of quark participants,

Nquark�part , as a function of centrality is determined using the procedure described in [8]. More

details on the simulation can be found in [9].

In Figure 5, dET=dh scaled by the number of quark participant pairs is plotted as a function of

Nquark�part for all of the beam energy scan data sets. The plot shows that the higher energy datasets

scale better with Nquark�part than the lower energy datasets, especially above 39 GeV. Figure 6

shows the data displayed in terms of the RPC variable, illustrating that the RHIC data above 39

GeV are consistent with Nquark�part scaling while the lower energy data are not. It is interesting

that the LHC data are less consistent with Nquark�part scaling than the 200 GeV Au+Au data.

Figure 5: The value of dET=dh normalized by the number of quark participant pairs at mid-rapidity as

a function of Nquark�part . Error bars represent statistical errors and the lines de�ne the boundaries of the

systematic errors for each system.

It is possible to estimate the transverse energy production per quark participant at mid-rapidity.

In order to obtain this estimate, dET=dh is plotted as a function of Nquark�part and then �t to a

straight line over a region where there is a good linear �t for all energies (Nquark�part > 400). The

slopes of the �ts are plotted in Figure 7 as a function of the log of
p

sNN . The data are well described

by a second-order polynomial function with coef�cients p0 = 0.139, p1 = -0.0475, and p2 = 0.0282.
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Figure 6: The value ofRPC plotted as a function ofNquark� part. The red line is a constant line atRPC = 1.
The error bars represent systematic errors, which can be correlated from point to point.

Figure 7: ThedET=dh produced per quark participant at mid-rapidity in central collisions as a function of
the log of

p
sNN. The line is a second-order polynomial �t to the data.

4. Net Charge Fluctuations

PHENIX has also searched for direct evidence of the existence of the QCD critical point by
measuring the �uctuations of the net charge on an event-by-event basis. The shapes of the distri-
butions of the net charge should be sensitive to the presenceof the critical point [10]. PHENIX has
measured the skewness (S= h(N � h Ni )3i =s 3) and the kurtosis (k = h(N � h Ni )4i =s 4 � 3) of net
charge distributions in Au+Au collisions at

p
sNN = 200, 62.4, 39, and 7.7 GeV. The measurements

are quoted in terms that can be associated with quark number susceptibilities,c : Ss � c (3)=c (2)
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