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In this report we discuss the capabilities and limitations of the STAR detector to search for sig-

natures of the QCD critical point in a low energy scan at RHIC. We �nd that a RHIC low energy

scan will cover a broad region of interest in the nuclear matter phase diagram and that the STAR

detector � a detector designed to measure the quantities that will be of interest in this search �

will provide new observables and improve on previous measurements in this energy range.
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STAR’s Capabilities

Experiments at RHIC have found evidence that a strongly coupled quark-gluon plasma is cre-
ated in heavy-ion collisions at

√
sNN = 200 GeV [1]. At these high energies the baryon chemical-

potential (µB) extracted from thermal model �ts is small (approximately 0.025 GeV) [2]. Lattice
calculations indicate that for µB = 0, as the temperature (T ) of nuclear matter is increased the
transition from con�ned to decon�ned matter is a smooth crossover [3] and that the chiral and
decon�nement transitions happen at approximately the same temperature [4, 5]. Model calcula-
tions, however, suggest that for T = 0, the transition as µB is increased is �rst order [6]. If this
is the case, then a critical point should exist where the transition changes from �rst order, to a
smooth-crossover [7].

It may be possible to ascertain the (T , µB) coordinates of the critical point by decreasing the
collision energy for heavy-ion collisions at RHIC [8]: µB increases with decreasing

√
sNN . A non-

monotonic dependence of variables on
√

sNN and an increase in event-by-event �uctuations should
become apparent near the critical point [9, 10]. The energy scan at the CERN-SPS (6.3 <

√
sNN <

17.3 GeV) found some possible signatures of a critical point, but the evidence remains inconclusive
and sometimes contradictory [11, 12, 13]. Using a collider to perform such an energy scan, instead
of �xed-targets, should provide two important advantages: acceptance won’t change with

√
sNN

and track-density at mid-rapidity will only vary slowly [14]. In addition, the detectors at RHIC are
of a more advanced design [15]. Figure 1 shows lattice QCD estimates of the critical temperature
TC for µB = 0 [16], lattice QCD estimates of the location of the critical point [17] and an estimate
of the region that can be covered by a RHIC low energy scan. We �nd that the RHIC low energy
scan will cover a broad region of interest in the T , µB plane [18].

In this report, we will assess the capabilities of the STAR detector [19] at RHIC to perform
a critical point search in which the center-of-mass energy of collisions may be reduced to as low
as
√

sNN ∼ 4.5 GeV. Without upgrades to the RHIC-BNL collider facility, we expect that it will be
possible to record approximtely 0.5× 106 events in a typical day of running at the lowest beam
energy. We focus on several key measurements: yields, �uctuations in particle ratios, and elliptic
�ow. The STAR detector was designed for these measurements so we expect it to perform well.
We present simulations that indicate this is the case. We also indicate where potential dif�culties
may arise.

1. STAR Detector

The layout of the STAR detector system as it was for Run-2 is shown in Figure 2. The active
subsystems included two RHIC-standard zero-degree calorimeters (ZDCs) that detect spectator
neutrons, a central trigger barrel (CTB) that measures event multiplicity, a time-of-�ight detector,
an electromagnetic calorimeter to measure photons, electrons and the transverse energy of events,
and four tracking detectors. The tracking detectors are the main TPC, two forward TPCs, and the
silicon vertex tracker (SVT).

The TPC is STAR’s primary detector [20] and can track up to ∼ 4× 103 particles per event.
For collisions in its center, the TPC covers the pseudo-rapidity region |η | < 1.8. It can measure
particle pT within the approximate range 0.07 < pT < 30 GeV/c. The momentum resolution δ p/p
depends on η and pT but for most tracks δ p/p ∼ 0.02. The full azimuthal coverage of the STAR
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Figure 1: A sketch of the phase diagram of nuclear matter showing the chemical freeze-out curve, points
from �ts to heavy-ion collision data, estimates of the initial temperatures achieved in heavy-ion collisions,
lattice QCD estimates of the critical temperature TC for µB = 0 [16], and lattice QCD estimates of the location
of the critical point [17]. The shaded region shows an estimate of the region of the phase diagram that can
be covered by RHIC (including a low energy).

detector (−π < φ < π) makes it ideal for detecting weak decay vertices, reconstructing resonances,
measuring v2 and event-by-event �uctuations.

The read-out rate for the STAR TPC is ∼ 100 Hz. For
√

sNN < 20 GeV, without electron
cooling upgrades to RHIC, the bunch crossing and event rates will be much slower than the TPC
read-out rate. As such, STAR will be able to record every detected event. To trigger on the occur-
rence of a collision, STAR will need to use it’s Beam-Beam Counters (BBC). In Figure 3 (right)
UrQMD [21] simulations of the multiplicity of tracks versus pseudo-rapidity are shown. Although
the Zero-degree Calorimeters will not register a signal for collisions with

√
sNN < 20 GeV, tracks

will impinge on STARs BBCs. Table 1 lists the number of charged particles within the BBC accep-
tance for several energies and centralities. In all cases, the number of tracks is suf�cient to detect
the occurrence of a collision.

Table 1: Number of particles impinging on STARs Beam-Beam Counters for Au+Au collisions in
UrQMD [21] simulations.

impact
√

sNN = 5 GeV
√

sNN = 8.75 GeV
parameter (fm) BBC Inner BBC Outer BBC Inner BBC Outer

0<b<3 5 27 12 54
3<b<6 11 30 21 57
6<b<9 22 35 39 40
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Figure 2: The STAR detector [19]: a cross-section view (left panel) and perspective view (right panel).
STAR an azimuthally symmetric, large acceptance, solenoidal detector designed to measure many observ-
ables simultaneously. The detector consists of several subsystems and a large Time Projection Chamber
(TPC) [20] located in a 0.5 Tesla solenoidal analyzing magnet.

Figure 3: Beam rapidity versus
√

sNN (left panel) and the corresponding acceptance for STARs Beam-beam
counters. UrQMD simulation of charged hadron yields for

√
sNN = 8.75 GeV (right panel).

STARs ability to effectively trigger on events at these low energies coupled with our proven
ability to statistically extract particle identi�cation information over a broad pT [22] range will
make measurements of particle spectra and ratios possible. As such, T and µB can be extracted
from statistical model �ts. We note, however, that many of these particle identi�cation methods are
statistical and therefore cannot be used to identify particles on an event-by-event basis: as will be
needed for particle ratio �uctuation measurements. For event-by-event particle identi�cation over
a broad pT range, a Time-of-Flight detector [23] is being constructed that will cover 2π in azimuth
and −1 < η < 1 in pseudo-rapidity. This detector upgrade is expected to be �nished by 2010.
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2. Analysis

The STAR detectorwill be able to improve on many of the measurementsof interestin a
critical point search.Sinceevent ratesarenot expectedto be particularlylarge (approximately5
Hz at

p
sNN = 5 GeV), rareprobessuchastheJ=y will likely beinaccessible.Below, we discuss

someof the key measurementsfor a low energy scanat RHIC. In theseproceedingswe do not
discussin detail suchimportantmeasurementsasHBT [24], v1 [25], balancefunctions[26] and
multiplicity, netcharge,or hpT i �uctuations[27]: all of whicharemeasurementsSTAR will beable
to performwell. Rather, wepresentasubsetof measurements— v2, v2 �uctuations,anddynamical
�uctuationsof thekaon-to-pionratio — in orderto illustratetheSTAR detectorscapabilitiesfor a
critical pointsearchat RHIC.
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Figure4: Top left: Theexpectednumberof trackswithin theSTAR TPCacceptanceandsimulationsof the
event-planeresolutioncorrectionfactor(bottomleft). The left �gure alsoshows thecorrespondingNA49
quantitiesfor comparison[12]. Top right: The expectedshapeof the distribution of the lengthof the q-
vector(curve)for thegivenvaluesof v2 andsimulationresults(histograms)with andwithoutv2 �uctuations.
Bottomright: Deviationsbetweensimulationsandtheexpectedshapedueto v2 �uctuationsdemonstrating
thatthedistributionof thelengthof theq-vectordistribution is sensitive to v2 �uctuations.

A key indicatorof theability to measureelliptic �o w is thereaction-planeresolutioncorrec-
tion factor[28]. Whenthe factoris large (closeto unity), thedirectionof the reactionplanecan
be well determinedon an event-by-event basisand fewer eventswill be neededfor an accurate
determinationof v2. Theresolutiondependsonthenumberof tracksusedandthemagnitudeof the
eventasymmetry. For themostperipheraleventsthesmallnumberof tracksavailablereducesthe
resolutionwhile for themostcentraleventsthesymmetryof thecollision overlapregion degrades
it. ForAu+Au collisions,theresolutionis typically greatestatacentralitycorrespondingto roughly
20–30%of thecollisioncross-section[29]. In Fig. 4 (bottomleft) weshow theexpectedresolution
correctionfactorfor Au+Au collisionsat

p
sNN = 8.75GeV in theSTAR detectoralongwith the

resolutioncorrectionfactorachievedby theNA49 collaboration[12]. Theobservedv2 valuemust
bedividedby theresolutioncorrectionfactorto get thetruev2. Whenthis factoris closerto zero
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