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Abstract. We present results on two-particle azimuthal correlations of neutral strange baryons (Λ, Λ) and
mesons (K0S) for pT = 2–6 GeV/c associated with non-identified charged particles in d+Au and Au+Au
collisions at

√
sNN = 200 GeV measured by the STAR experiment. We investigate in detail the associ-

ated yield of charged particles as a function centrality of the collision and transverse momentum of trigger
and associated particles to look for possible flavor, baryon/meson and particle/anti-particle differences.
We compare our results to the proton and pion triggered correlations as well as to a fragmentation and
recombination model.

PACS. 25.75.-q; 25.75.Gz

1 Introduction

Partonic energy loss has been predicted to be a sensi-
tive probe of the matter created in high energy heavy-ion
collisions because its magnitude depends strongly on the
color charge density of the medium traversed [1–3]. Par-
tons originating from hard scattering of quarks or gluons
from the two colliding nuclei fragment into jets. As a direct
measurement of jets in heavy-ion collisions is difficult due
to the large number of produced particles, azimuthal cor-
relations of particles with large transverse momentum (pT)
are conventionally used to study jet related processes.
Studies of azimuthal correlations of charged particles

in central Au+Au collisions at RHIC resulted in several
interesting observations which show striking differences to
p+p and d+Au measurements: (i) disappearance of the
away-side jet at intermediate pT [4], (ii) re-appearance of
the away-side yield in the increased production of low
pT particles [5], (iii) punch through or observations of di-
jets with sufficiently large pT to traverse the hot and
dense medium [6], and (iv) presence of long range pseudo-
rapidity (∆η) correlations on the near side [7].
In addition, measurements of the suppression of inclu-

sive pT spectra of identified particles in central Au+Au
collisions with respect to p+p collisions (RAA) and periph-
eral Au+Au collisions (RCP ) [8, 9] together with enhanced
baryon/meson ratios [10] show that in the intermediate pT
range of 2–6 GeV/c at RHIC energies baryons and mesons
behave differently than in p+p collisions. This indicates
that jet fragmentation is not a dominant source of par-
ticle production and parton recombination and coalescence
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models have been suggested as an alternative mechan-
ism [11–15].
Identified two-particle correlations are expected to pro-

vide additional information on jet quenching, the origin of
long range ∆η correlations, the baryon–meson puzzle and
particle production mechanisms at RHIC energies in gen-
eral. In this paper, we present results on identified strange
baryon (Λ, Λ̄) andmeson (K0S) triggered correlations in the
intermediate pT range in d+Au and Au+Au collisions at√
sNN = 200GeV measured by the STAR experiment.

2 STAR experiment

STAR is a large acceptance, multi-purpose spectrometer
consisting of several detectors inside a large solenoidal
magnet with a magnetic field of 0.5 T. Our analysis is based
exclusively on charged particle tracks detected and recon-
structed in the Time Projection Chamber (TPC). The
TPC is especially well suited for the correlation studies be-
cause of its full azimuthal coverage and pseudo-rapidity
acceptance |η|< 1.8. The TPC provides up to 45 indepen-
dent spatial and energy loss (dE/dx) measurements along
each charged particle track. The momentum resolution is
determined to be ∆k/k ∼ 0.0078+0.0098pT (GeV/c) [16].
The weakly decaying strange particles (V0s) can be

reconstructed by a topological analysis from their decay
products measured in the TPC.Λ, Λ̄ andK0S particles used
in our study were reconstructed via the following decay
channels:

Λ→ p+π− , BR= (63.9±0.5)% ,
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Λ̄→ p̄+π+ , BR= (63.9±0.5)% ,

K0S → π
++π− , BR= (68.95±0.14)% . (1)

The geometrical cuts have been optimized to achieve a very
clean sample of the V0 particles. Above pT > 2 GeV/c
the signal to background ratio with these cuts is approxi-
mately 15 : 1.
The results presented in this paper are based on the

d+Au data set taken in 2003 and Au+Au data set meas-
ured in 2004 at

√
sNN = 200GeV.

3 Two-particle correlations

In the azimuthal correlations presented here, we distin-
guish several trigger particle species (charged particles,
Λ, Λ̄, and K0S), while the associated particles are always
charged particles. The azimuthal distributions are then de-
fined as

D(∆ϕ) =
1

Ntrigger

1

ε

∫
d(∆η)N(∆ϕ,∆η) , (2)

where ∆ϕ= ϕtrigger−ϕassociated is the azimuthal angle dif-
ference between the trigger and the associated particle,
Ntrigger is the number of trigger particles, and ε is the re-
construction efficiency of associated charged particles.
The measured azimuthal distributions are normalized

to the number of trigger particles and corrected for the
reconstruction efficiency of associated charged particles
which, in the pT range studied, varies from 70% to 84%
depending on centrality. The data are fit with two Gaus-
sians on top of a flat background in d+Au and elliptic flow
modulated background in Au+Au collisions, respectively.
We use two methods to adjust the level of the elliptic flow
modulated background: a free parameter fit and the ZYAM
(zero yield at minimum) method [17]. For the latter one
in order to avoid problems from statistical fluctuations the
level of the elliptic flow modulated background is deter-
mined as an average from several (typically 3 to 5) neigh-
bouring bins in the “valley region”. The yield values ob-
tained by the ZYAM procedure are about 15% higher than
those obtained from fitting the level of the background.
This, together with uncertainties in the v2 values, results
in a systematic error of about 30% on the extracted asso-
ciated yield values on the near side.
Figure 1 shows a comparison of strange baryon/meson

(left) and baryon/anti-baryon (right) triggered correla-
tion functions in central (0–5%) and semi-central (30–
40%) Au+Au collisions after the subtraction of the elliptic
flow modulated background and for |η| < 1. The trans-
verse momentum selection is ptriggerT = 3.0–3.5 GeV/c for
the trigger, and passociatedT = 1–2GeV/c for the associated
particles.
In order to separate the jet (J) contribution on the near

side from long-range pseudo-rapidity correlations (com-
monly referred to as the ridge, R), we analyze the azi-
muthal correlations in two different ∆η windows: ∆η < 0.5
which includes contributions from both jet and ridge, and

Fig. 1. Two-particle azimuthal correlations for various trigger
species: Λ and K0S triggered correlations (left column) and Λ
and Λ̄ triggered correlations (right column) in central (0–5%)
(top) and semi-central (30–40%) (bottom) Au+Au collisions
at
√
sNN = 200 GeV. The elliptic flow contribution has been

subtracted using the ZYAM method. The trigger particles are
selected with 3.0< ptriggerT < 3.5 GeV/c, the associated charged

particles with 1< passociatedT < 2GeV/c

∆η > 0.5 influenced only by the long-range ∆η correla-
tions. Subtracting the two removes both the elliptic flow
and ridge (under the assumption that the v2 and ridge con-
tributions are constant in η). What remains are jet-like
correlations [7].

4 Results

Below, we discuss in detail the properties of the near-side
yield of associated charged particles which is calculated as
the area under the Gaussian peak obtained from the fit
to the correlation functions. In particular, the near-side
yield is studied as a function of system size, centrality and
the transverse momentum of the trigger and the associated
particles.

4.1 System size dependence

Figure 2 shows the near-side associated yield of charged
particles with pT = 1–2 GeV/c as a function of the trans-
verse momentum of the trigger particle, ptriggerT for various
trigger species in d+Au and in central Au+Au collisions.
To look for possible baryon/meson differences, we have in-
cluded in Fig. 2b the results for π+ and π− (95% purity) as
well as p and p̄ (50% purity) trigger particles which were
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Fig. 2. Near-side associated
charged particle yield as
a function of ptriggerT in d+
Au a and central Au+Au col-
lisions b at

√
sNN = 200 GeV.

Various trigger particle spe-
cies are indicated by the leg-
end. The data points for ba-
ryons are offseted by 50MeV/c
for a better view. The errors
are statistical only

Fig. 3. Near-side associated
charged particle yield as
a function of ptriggerT in de-
fault a and using K-fac-
tor = 3 b PYTHIA simulation
of p+p at

√
sNN = 200 GeV.

Various trigger particle spe-
cies are indicated by the
legend

identified by the relativistic rise of the specific ionization
energy loss (dE/dx) in the TPC [18]. There are no sig-
nificant differences between the trigger species within the
statistical errors in either collision system.
Assuming the near-side jet yields measured in d+Au

collisions are close to those in p+p collisions [19] (which we
do not have available), we compare them to PYTHIA [20],
a leading order pQCDmodel. To make this comparison, we
have used PYTHIA 6.4. The results on the near-side yield
of associated charged particles are shown in Fig. 3. Fig-
ure 3a corresponds to the default PYTHIA setting which
it is known does not describe well the inclusive pT spectra
of strange particles (e.g. Λ,K0S , Ξ

−) [21]. However, the jet
yield values are in a good agreement with those measured
in d+Au collisions. Regarding the species dependence, all
trigger species apart from the Λ̄ behave similarly, with the
Λ̄ being systematically higher. In order to describe the pT
distributions of strange particles, a K-factor is commonly
introduced which simulates the next-to-leading order con-
tributions and changes the mixture of q+ q, q+g and g+g
processes. We have chosen a K-factor of 3 which has been
successful in describing the strange particle spectra, and
calculated the corresponding near-side jet yields. The re-
sults are plotted in Fig. 3b. As we can see, the Λ̄ yields are
the same as for the charged and Λ triggered correlations
which is due to the fact that the mixture of the parton-
parton processes favors those involving gluons. But the as-
sociated yield is now 50% higher and thus in disagreement
with our measurements. This has to do with the fact that
too many pions are generated with the K-factor = 3. To
summarize, the default PYTHIA calculation offers a satis-

factory description of jet yields but fails to describe inclu-
sive pT spectra of strange particles, while PYTHIA with
the K-factor = 3 describes the inclusive pT strange par-
ticle spectra well but fails to reproduce the jet yield values.
Thus a more sophisticated tuning of PYTHIA is required
in order to describe both, pT spectra and two-particle cor-
relations at the same time.
Comparing the values of the near-side yields in d+Au

and Au+Au collisions, we observe a clear difference be-
tween the two systems. The yield in central Au+Au col-
lisions is about 3–4 times larger than in d+Au collisions,
independent of the trigger species and ptriggerT . The large
increase in the yield of associated particles in Au+Au col-
lisions can be understood in the framework of the recombi-
nation model [22]. This calculation shows that in Au+Au
collisions, a thermal-shower recombination plays a domin-
ant role while it is much less prominent in the d+Au sys-
tem. Although the calculation has been done for charged
pions while we measure correlations of identified-strange
hadrons with unidentified-charged particles, the qualita-
tive features of the data are well reproduced by the recom-
bination model.

4.2 Centrality dependence

Next, we discuss the centrality dependence of the near-
side yield of associated charged particles. The trigger par-
ticles are selected with ptriggerT = 3–6GeV/c and the as-
sociated charged particles have to satisfy the condition
1.5GeV/c < passociatedT < ptriggerT . Please note, that in the
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Fig. 4. Near-side associated
charged particle yield as a func-
tion of centrality in Au+Au
collisions: jet+ridge, J +R a
and jet only, J b. Transverse
momentum of trigger par-
ticles is ptriggerT = 3–6 GeV/c
and various trigger species are
described by the legend. The
errors are statistical only

centrality study, we have increased the lower threshold on
the transverse momentum of associated particles in order
to be able to separate the jet (J) contribution from the
ridge (R) contribution. The near-side yield within the full
∆η acceptance and after the elliptic flow subtraction is
plotted in Fig. 4a as a function of the number of partici-
pants,Npart. The yield increases by a factor of 3–4 from pe-
ripheral to central Au+Au collisions for all trigger species
studied. The observed increase between peripheral and
central Au+Au collisions is consistent with the increase
observed between d+Au to central Au+Au collisions (see
Fig. 2 and Sect. 4.1). The J +R yield forK0S triggered cor-
relations is systematically below that of charged and Λ
triggered correlations. However, taking into account the
statistical errors and systematic uncertainities dominated
by the elliptic flow subtraction, the observed difference is
not significant.
Calculating the azimuthal correlations in two different

∆η windows: ∆η < 0.5 and ∆η > 0.5, we have extracted
the jet yield as a function of centrality. The results plotted
in Fig. 4b demonstrate the independence of the jet yield on
the centrality of the collision. The determination of the jet
yield is not hampered by the large systematic errors on the
elliptic flow subtraction as the elliptic flow is automatically
removed by subtracting two different ∆η windows, assum-
ing that the v2 is uniform within the STAR acceptance.
Within statistical errors, there is no significant dependence
on the trigger species, although the jet yield for Λ and
K0S triggers is systematically below that of charged trigger
particles. There are two effects which can possibly explain
this difference. The artificially merged tracks in the TPC,
which is a purely instrumental effect, may result in a lower
associated yield because for the same pT the track merg-
ing affects more the V0s than the charged particles [23].
The second reason, which has to do with physics, could be
linked to the fact that baryon triggered jet takes awaymore
energy than the meson triggered one (as the baryon is more
massive than the meson). Therefore, less energy is avail-
able for the associated particle production. Both effects are
currently under investigation.
From the comparison of both Fig. 4a and b, we can

see that the ridge yield, R, is responsible for the strong
increase of the near-side associated yield with centrality.
While it is negligible in the peripheral Au+Au collisions,
in central Au+Au collisions the ridge yield accounts for

about 2/3 of the associated yield at near-side in the studied
pT range.

4.3 Transverse momentum dependence
of associated particles

Figure 5 shows an example of the invariant transverse mo-
mentum distribution of associated charged particles on the
near side in the 0–10% most central Au+Au collisions.
Here, we have again selected the trigger particles with
ptriggerT = 3–6GeV/c. The figure contains two sets of data
points: the passociatedT spectra for J +R yield and J yield
only. Clearly, the J+R spectrum is softer than the corres-
ponding spectrum for jet-like correlations. To quantify the
difference, we have fit the data with an exponential func-
tion (Ae−pT/T ) and extracted the inverse slope values, T ,

Fig. 5. Invariant transverse momentum distributions of asso-
ciated charged particles on the near-side in central (0–10%)
Au+Au collisions for various trigger species indicated by the
legend. The lines are exponential fits to the data: jet+ridge
(dashed) and jet only (solid). Transverse momentum of trigger

particles is p
trigger
T = 3–6 GeV/c. The errors are statistical only
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Table 1. Inverse slope, T , values of J and
J+R near-side associated charged particle
pT distributions for various trigger species
with ptriggerT = 3–6 GeV/c. The T values
are calculated for 0–10% central Au+Au
collisions

Trigger T (J) MeV T (J+R) MeV

h 511±6 450±3
K0S 539±58 456±13
Λ 522±84 430±8

which are summarized in Table 1. The extracted inverse
slope values for various trigger species overlap within the
statistical errors. The inverse slope of the jet spectrum is
T (J) ∼ 510–540MeV, which is on average approximately
80MeV harder than that of the total near-side associated
yield T (J+R)∼ 430–450MeV.
In order to make a comparison with a parton recom-

bination model, we have extracted the passociatedT spectra
in the J +R case in peripheral 40–80% Au+Au colli-
sions and calculated their central-to-peripheral ratio. The
results are depicted in Fig. 6 together with the ratio cal-
culated from the recombination model [22]. The ratio
decreases from about 3 at passociatedT = 1GeV/c to 2 at
passociatedT = 3GeV/c. Again, there is a hint of a trend of
a baryon/meson splitting although within the statistical
and systematic errors the splitting is not significant.
The observed decrease of the central-to-peripheral ratio

with passociatedT , as well as the large magnitude of the
ratio, is in line with the model expectations and points to-
ward a significant role of thermal-shower recombination in
Au+Au collisions [22]. We remark here, that the calcu-
lation has not been done with exactly the same selection

Fig. 6. The ratio of the near-side associated charged particle
yield in central (0–10%) and peripheral (40–80%) Au+Au col-

lisions as a function of passociatedT . The transverse momentum

of trigger particles is ptriggerT = 3–6 GeV/c and various trigger
species are described by the legend. The dashed line is taken
from [22] and represents the central-to-peripheral ratio for

p
trigger
T = 4–6 GeV/c and centrality (0–10%)/(80–92%). The er-
rors are statistical only

criteria as our analysis. Firstly, there is a slightly different
ptriggerT selection (ptriggerT = 4–6GeV/c), but the authors
of [22] have shown that there is only a very small depen-
dence on ptriggerT . More importantly, there is a difference
in the centrality selection for the peripheral collisions. The
model prediction has been calculated for 80–92% central-
ity, while our most peripheral data were measured only up
to 80% of the geometrical cross section. Last, but not least,
the model uses as trigger particles charged pions and calcu-
lates only the yield of charged pions, while we use charged,
Λ, K0S trigger particles and charged associated particles.
The last two selections need to be adjusted in the model
to our data in order to draw a quantitative conlusion on
the agreement with the recombination model. In addition,
as long range pseudo-rapidity correlations play a signifi-
cant role in Au+Au collisions in the studied pT range,
a check of how well they are reproduced in the model is also
required.

5 Conclusions

We have reported results on the near-side associated yield
of charged particles for charged hadron and neutral strange
baryon (Λ, Λ̄) and meson (K0S) trigger particles in d+Au
and Au+Au collisions at

√
sNN = 200GeV. In the trans-

verse momentum range pT = 2–6GeV/c, we do not observe
any appreciable baryon/meson or particle/antiparticle dif-
ferences in either collision system.
The observed large increase by a factor 3–4 of the

near-side yield from d+Au towards central Au+Au col-
lisions can be qualitatively understood in the framework
of parton recombination due to a dominant contribution
from thermal-shower recombination in Au+Au collisions.
A quantitative comparison requires the same pT and cen-
trality selections as in the data.
Based on the centrality dependence of the near-side

yield and pT spectra of associated charged particles,
we have established the existence of long range pseudo-
rapidity correlations (the ‘ridge’) for Λ and K0S previously
observed for unidentified charged particles [7]. In the pT
range studied here the jet/ridge ratio is about 1/3. The
spectra of associated particles in the jet are harder by
∼ 80MeV than those from the ridge. There are several
models which attempt to explain the origin of the ridge:
the coupling of parton radiation to longitudinal flow [24],
parton recombination [25], or a combination of jet quench-
ing and radial flow [26]. However, there are no quantita-
tive predictions available yet. Ongoing studies with larger
statistics using identified associated particles (π, p, Λ,K0S)
will help to constrain the origin of the long-range pseudo-
rapidity correlations.
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