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Abstract. Particle production of charged kaons in central Au+Au collisions
at \/snn = 200 GeV has been studied as a function of rapidity by the BRAHMS
collaboration at RHIC. The kaon spectral shapes are described well by an exponential
in transverse mass for the rapidity range of 0 < yx < 3.3 with smoothly decreasing
inverse slopes as the rapidity increases. For the charged kaon to pion ratios, while
there is no significant rapidity dependence for the KT /x™" ratio, the K~ /7~ ratio
shows a significant decrease from y =~ 1 towards higher rapidities. The systematics
of K~/K™ and p/p ratios in the measured rapidity range demonstrates a strongly
correlated behavior which can be described by thermal-statistical models.



1. Introduction

Since the absolute yields and ratios of the strange particle abundances depend
sensitively on the dynamics of the collision, strangeness production is of great interests
in relativistic heavy-ion collision studies. The interest in these studies is particularly
derived from the understanding that the strangeness production arises rapidly in the
deconfined and chirally symmetric phase (QGP) created by the collisions [1, 2]. A
number of experiments at AGS [3, 4, 5] and at SPS [6, 7] have shown that the strange
particle abundance differs considerably in nucleus-nucleus interactions from that in
nucleon-nucleon collisions.

Understanding the mechanism responsible for the enhancement has been a
challenging subject theoretically since the enhancement expected from the chirally
restored state can also be described by calculations for strangeness production based on
hardronic and partonic mechanisms without assuming a phase transition [8, 9, 10]. In
order to be be able to be more specific about the nature of the strangeness production
in heavy-ion collisions, it is imperative to study the strangeness production in a wide
kinematic range (y-pr) to constrain the theoretical models.

The Relativistic Heavy-Ion Collider (RHIC) permits the study of highly excited
nuclear matter in the extreme high energy regime (\/syy=200 GeV), an order of
magnitude higher energy than previously available energy at SPS. Studying strangeness
production at this energy in the context of strangeness enhancement by comparing
with measurements from lower energy data and with theoretical predictions will give
dynamical information of the nature of the excited matter. Measurements in a broad
y-pr range will allow more strict tests on various theoretical interpretations.

2. Experimental Set-up

The BRAHMS (Broad RAnge Hadronic Magnetc Spectrometers) experiment [11]
measures identified charged hadrons including kaons in a broad kinematic range at
RHIC. The experiment consists of two movable spectrometers: the Mid-rapidity
Spectrometer (MRS) and the Forward Spectrometer (FS), with the latter having
independently movable front (FFS) and back (BFS) sections. The data collected with
the BRAHMS detectors is in the rapidity range —0.1 < y < 3.5, an extended range
unique among the RHIC experiments. The MRS determines particle momenta using two
time projection chambers (TPC) and a dipole magnet. Particle identification is obtained
using a Time-Of-Flight (TOF) counter, with time resolution o, ~ 75 ps allowing 7-K
separation up to a particle momentum (p) of 2.3 GeV/c and K-p separation up to 3.9
GeV/c. The FFS consists, in order, of a dipole magnet, a TPC, a second dipole magnet,
a second TPC, a TOF wall (TOF1) and a threshold gas-Cherenkov detector (C1). At
the small polar angles (from 2.3° to 15°), where the mean momentum of particles is
large, the BFS with two dipole magnets, three drift chambers, a TOF wall (TOF2) and
a ring imaging Cherenkov detector (RICH) is also used. TOF1 (at 8.6 m) and TOF2
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Figure 1. The my spectra for kaons and pions for central events (0-5%) at different
rapidities. Average rapidities are indicated in the right corner of each spectrum. All
spectra are scaled down by successive factors of 10 except the topmost. Solid lines
represent mp exponential fits to the data for kaons and power-law fits for pions,
respectively. Statistical error bars are shown or are smaller than the symbol size.

(at 18 m) allow for K-p separation up to 5.5 and 8 GeV/c, respectively. C1 identifies
pions in the range from p = 3 to 9 GeV/c and the RICH allows 7-K separation up
to 22 GeV/c and K-p separation from p = 10 to p = 35 GeV/c [15]. The reaction
centrality was determined using a multiplicity array consists of plastic scintillator tiles
and modestly segmented silicon strip detectors surrounding the intersection region [14].
More detailed description of the BRAHMS detectors can be found in Ref. [11].

The data set for charged kaons used for this analysis covers: -0.05 < y <1.1 using
the MRS, and 2.1 < y <3.3 using the FS. Only the 0-5% most central events [14] were
included in the analysis. Details on the data analysis can be found in Ref. [12].

3. Results and Discussions

Figure 1 shows the transverse mass (mr) spectra for the invariant yields of
positive and negative charged kaons at different rapidities in 0 < yx < 3.3 where
mr = \/p> + m?% and mp is the kaon mass. The spectral shapes can be well represented
by an exponential distributions [e~(™7~™x)/T] with an inverse slope (T) as indicated by
the solid lines. The KT spectra show similar slopes and yields to the K~ spectra.
For comparison, my spectra for charged pions also shown in the Figure with overlayed
power-law [A(1+pr/po)~"] fits. The error shown on the data points are statistical only.
The overall systematic errors are estimated to be 10-15%.

Figure 2 shows the deduced inverse slope parameters T' as a function of rapidity
for kaons and pions. The kaon inverse slope parameter with values of 295 + 4 MeV
for K and 295 + 5 MeV for K~ are almost constant at mid-rapidity. These values
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Figure 2. Left panel shows kaon and pion slopes obtained from my exponential
fits vs. rapidity for central events. For pions, the fitting range was chosen between
0.3 < pr < 1.0 GeV/c. The mean values of pp for pions and kaons for central events
(0-5%) as a function of rapidity is shown in the right panel. Statistical error bars are

shown or are smaller than the symbol size.

are significantly higher than found at SPS measurements (7Tx ~ 230 MeV). This may

suggest a stronger radial flow and/or a systematic increase of the thermal temperature

at the RHIC energy. The inverse slope parameters decrease at larger rapidities, implying

the degree of radial flow decreases moving away from mid-rapidity. The inverse slope
parameters at forward rapidity, yx = 3.3, are fitted as 245+ 9 MeV for K and 229 +8
MeV for K, which are close to the SPS mid-rapidity values. Mean transverse momenta

({pr)) as a function of rapidity are also shown in Fig. 2. Kaons show a stronger rapidity

dependence of T and (pr) than pions.
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Figure 3.
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The rapidity distributions of dN/dy for charged pions and kaons

in central Au+Au reactions at /syny=200 GeV. Measured points in the forward
hemisphere (y > 0) are reflected with respect to mid-rapidity. Solid lines show fits
for 7t and Kt and dotted lines for 7~ and K.

Rapidity density distributions, dN/dy, for charged kaons and pions are shown in
Fig. 3. The total yields of 286 + 11 for K™ and 236 + 8 for K~ for 0-5% central events
are determined by fitting the rapidity spectra with a sum of two Gaussian distributions

placed symmetrically with respect to mid-rapidity. The width of the rapidity density
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Figure 4. Rapidity distributions (dN/dy) of K (left panel) and 7~ (right panel).
BRAHMS preliminary data points are indicated by solid circles. Data from SPS at
different energies are shown with open symbols. Mesurements for the positive rapidity
regions are reflected with respect to mid-rapidity.

for K is significantly wider than that for K. While dN/dy for 7~ gets narrower as
the collision energy increases, as shown in Fig. 4, there is no significant changes in the
width of the dN/dy distribution for K between the top SPS energy and the RHIC
energy.

The rapidity dependence of the K/m ratios are displayed in Fig. 5. While the
K™ /7" ratio is nearly constant in the rapidity range of |yx| < 3.3, the K~ /7~ ratio
shows a significant decrease from y ~ 1 towards higher rapidity. Near mid-rapidity,
lyx| < 1, the K /7 ratios are measured as 0.156 + 0.001 for K+ /7" and 0.146 £ 0.001.

Mid-rapidity and full phase space kaon to pion ratios are shown as a function of
V/5nn in Fig. 6. A monotonic increase with /syy of the K~ /7~ ratio is measured while
K™ /7" behaves differently. A steep increase in the low energy region is followed by a
maximum around the lowest SPS enery, \/syny=8.8 GeV. The measurement at RHIC
suggests that the KT /7" ratio stays nearly constant starting from the top SPS energy.
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Figure 5. Ratios of K /7" (closed symbol) and K~ /7~ (open symbol) as a
function of rapidity. Mesurements for y > 0 are reflected with respect to mid-rapidity.
Error bars shown are statistical only.
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Figure 6. Ratios of Kt /7" (closed symbols) and K~ /7~ (open symbols) yields
at mid-rapidity as a function of energy in central Au+Au (Pb+Pb for data from SPS)
collisions. Preliminary BRAHMS results are indicated by circles. The ratios integrated
over the full phase space are shown in the right panel.

Anti-particle to particle ratios for charged kaons, K~ /K™, as a function of rapidity
can be deduced from their rapidity densities [15]. At mid-rapidity (|y| < 1), the ratio is
close to unity (~0.95), which is a significant increase from the top SPS energy (~0.6).
The ratio decreases with rapidity, and approches to the SPS mid-rapidity values at
y ~ 3 as shown in Fig. 7. This rapidity dependence can be attributed to a sensitivity
to the baryonic density. At the energy of \/syy = 200 GeV considerable reaction
transparency is achieved for collisions [13], and away from mid-rapidity the net baryon
content originating from the initial nuclei is significant and production mechanisms
other than particle-antiparticle pair production play a significant role. This can lead to
a decreasing K~ /K™ ratio with increasing rapidity. It has to be noted that theoretical
models [16, 17], that are relatively successful in reproducing pseudo-rapidity dependent
multiplicities distributions [14] and rapidity dependent anti-particle to particle ratios
for protons and pions (p/p, 7~ /7 ") [15] at RHIC fail to describe the rapidity dependent
K~ /K™ ratios at RHIC.

While the transverse spectra give insight into the kinetic freeze-out stage of the
collision, particle yields and ratios provide information about the chemical freeze-out
stage. Particle ratios have been analyzed in the context of the Grand Canonical
Ensemble with baryon number, strangeness and charge conservation [8]. Figure 7 shows
the p/p and K~ /K™ with curves from statistical calculations. Excellent agreement
is found between these calculations and the present measurements. Within Grand
Canonical approach, the near constancy of the temperature for chemical freeze-out
found at SPS, at lower RHIC energies, and at the present energy can be thought of
as associated with a fixed deconfinement transition temperature and the establishment
of chemical equilibrium during hadronization. The small value of the chemical potential
indicates a small net baryon density at mid-rapidity. More details can be found in

Ref. [15].
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AGS. The line shows the calculation by Becattini el al. [8]. The top scale for the
baryon chemical potential up = 3uq is in MeV. For the detailed description for the
figure, see Ref. [15]

4. Summary

The BRAHMS Collaboration has measured charged kaon productions as functions
of transverse momentum and rapidity. The spectral shape are described well by an
exponential in transverse mass for the rapidity range of 0 < yx < 3.3 with decreasing
inverse slopes and average transverse momentum with measured rapidity. For charged
kaon to pion ratios, no significant changes are observed across the measured rapidity
range for K /7", while the K~ /7~ ratio exhibits a significant decrease from y =~ 1
towards higher rapidities. Anti-particle to particle ratios for charged kaons show a strong
rapidity dependence which may imply significant interplay between baryonic dynamics
and strangeness production at the RHIC energy. The systematics of K~/K™ and p/p
ratios in the measured rapidity range demonstrates a strongly correlated behavior which
can be described by thermal-statistical models.

No currently avilable theoretical model succesfully reproduces all aspects of
strangeness production. Studying the rapidity dependence of strangeness imposes
more stringent constraints on theoretical models describing dynamics of nuclear matter
created by high-energy heavy ion collisions.
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