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Abstract

The RHIC Beam Energy Scan focuses on mapping the QCD phageuniand pinpointing the loca-
tion of a possible critical end point. Bose-Einstein catieins and event-by-event fluctuations of conserved
quantities, measured as a function of centrality and d¢oflignergy, are promising tools in these studies.
Recent lattice QCD and statistical thermal model calcotettipredict that higher-order cumulants of the
fluctuations are sensitive indicators of the phase tramsitiProducts of these cumulants can be used to
extract the freeze-out parameters [1] and to locate thiearjtoint [2]. Two-pion interferometry measure-
ments are predicted to be sensitive to potential softenirtpeoequation of state and prolonged emission
duration close to the critical point/[3]. We present recddERIIX results on fluctuations of net-charge using
high-order cumulants and their products in¥u collisions at+/S = 7.7 - 200 GeV, and measurement of
two-pion correlation functions and emission-source rad€u+Cu and AuAu collisions at several beam
energies. The extracted source radii are compared to preweasurements at RHIC and LHC in order to
study energy dependence of the specific quantities sensitiexpansion velocity and emission duration.
Implications for the search of a critical point and baryoeriical potentials at various collision energies
are discussed.
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1. Introduction

Quantum chromodynamics (QCD) predicts a phase transitoon & hadron gas (HG) phase
to a quark gluon plasma (QGP) phase with variations of thdgmamic parameters such as
temperature®) andor baryon density(g) [4]. Lattice QCD calculations indicate that the chiral
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and de-confinement phase transitions are a smooth crosdongrthe temperature axis, i.e. with
us = 0, while various other models predict that the phase tramsitecomes first order at high

baryon densityl[5]. The existence of the QCD critical pomthus expected as the first order
phase transition line should end somewhere at finitandT. In order to study the properties of

QGP in these experiments, it is important to choose an obbkrwhich is sensitive enough to

the medium property in the early stage.

It has been proposed that the shapes of the event-by-evechagye distributions are sensi-
tive to the presence of the critical point, as they are rdltdghe conserved number susceptibil-
ities of the system and hence to the correlation length [@]dilonally, the shape of the emis-
sion source function can also provide signals for a secaddr@hase transition or proximity
to the QCD critical pointl[7]. Two-pion correlation measnments provide important informa-
tion about the space-time evolution of the particle emgtsource in the collision. An emitting
system which undergoes a strong first order phase transitiexpected to demonstrate a much
larger space-time extent than would be expected if the syistel remained in the hadronic phase
throughout the collision process.

The PHENIX detector at RHIC has explored the above poss#slin the recent Beam En-
ergy Scan (BES) program of RHIC. During 2010 and 2011, RHI&joled Au+Au collisions
to PHENIX at /S, = 200 GeV, 62.4 GeV, 39 GeV, 27 GeV, 19.6 GeV, and 7.7 GeV. PHENIX
recorded CuCu collisions aty/5; = 200 GeV during 2005. Results from PHENIX covering
net-charge fluctuations and two-pion interferometry messents, are discussed here.

2. Net-charge Fluctuations

PHENIX has measured the distributions of net-charge nlidiip (N = N* - N7) and their
various moments (meap)=< N >, variance ¢?) = < (N — u)? >, skewness (S <(N;—§‘)3> and
kurtosis ) =<(N(‘Tf‘)4> — 3) at several beam energies [8]. The charged hadrons st:fectthis
analysis cover transverse momentuymi)(between 0.3 and 2.0 G¢&and pseudorapidity range
spanningy| < 0.35. Figure[l shows thefficiency correctegi/o?, So, ko2, andSo3/u as a
function of /S, for the most central (0-5%) AtAu collisions. In Fig[1, triangles represent
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Fig. 1. (Color online) The ratios of cumulants of net-chadigtributions (a):/o2 (b) So- (c) ko2, and (d) $3/u, after
efficiency corrections for most central (0-5%) A& collisions. The statistical and systematic errors amwshby bars
and caps, respectively. Triangles represent fheiency corrected cumulant ratios extracted from NBD fitsdsitively
and negatively charged particles distributians [8].
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the dficiency corrected cumulants ratios extracted from NBD fitpdsitively and negatively
charged particles distributions. The values are positive and constant at all the collision
energies within the statistical and systematic unceitgras is shown in Figl 1.

Comparing these measurements with the lattice calculgtfogeze-out temperaturé«) and
baryon chemical potentialg) are also extracted at freeze-out. Figlure 2 shows the i@riat
of ug as a function of/S;. The extracteqig values are found comparable to the values
extracted from particle ratio analysis given in Ref. [9].
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Fig. 2. (Color online) Chemical freeze-out parameies)( extracted from PHENIX higher-moments analysis, as a
function of center of mass energy/g,) are shown in red solid pointsi [8]. The dashed line shows #rarpetrization
given in Ref. [9] and the other experimental data are from [Z&fand references therein.

3. Two-pion interferometry

PHENIX has performed measurements of two-pion correlatioi€u+Cu collisions aty/S
=200 GeV and Au-Au collisions at+/s; = 39, 62.4 and 200 GeV [10]. Figuré 3 shows the two-
pion correlation functions as a function of the componefth® momentum dference ) be-
tween particles in the pair for severgs . These correlation functions are fitted with a function
which incorporates Bose-Einstein enhancement and theo@dwinteraction between the pairs,
to extract the HBT radiiRsige RoutandRiong ). The quantitiesRSul— Rﬁideand Rside— \/ER) /Riong
(see reference [11] fdR), which are related to emission duration and medium expansloc-
ity, respectively, are shown (Fifll 4) for pair transversessmar = 0.26 GeVc? to reduce the
effect of position momentum correlation. Also, the PHENIX lesare compared with STAR
results for /S, = 7-200 GeV and ALICE results at LHC foy/s; = 2.76 TeV. A maximum
is observed as a function of/S,, in R2, — Rﬁide (Fig.[4(a)) with complimentary minimum in

(Rsige — \/iﬁ)/Rmng(Fig.[Z (b)). Non-monotonic behavior over a small rangefg,, may point
to a softening of equation of state that may coincide withQI@D critical point.

4. Summary

PHENIX results for net-charge fluctuations and two-pioreiféarometry as a function of
beam energy are presented. The net-charge fluctuation neeasots do not give a clear indica-
tion of the presence of the QCD critical point, though tlgeextracted with lattice calculations
and PHENIX data are found to be consistent with previouslyaeted baryon chemical po-
tentials. A non-monotonic behavior in the quantities \dlato emission duration and medium
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Fig. 3. (Color online) Correlation functions of two-pioniga(r*z* andx~n~) for 0-10% central AuAu (left) and
Cu+Cu (right) collisions for pion pair transverse momengkrf) = 0.53 GeVc and for several\/s,. The curves
represent fits to the correlation function![10].
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Fig. 4. (Color online) TheyS,, dependence of (aRf,;— R;40), (b) [(Rside - V2R)/Rongl. The PHENIX and STAR data
points represent the results from fits to the dependence of the combined data gets [10].

expansion velocity is observed, which hints the softenihgquation of state. Further, more
detailed studies are required for a clear picture of QCD @ldgesgram.
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