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Abstract We report on the measurements of D0 and Ds me-
son production in 200 GeV Cu+Cu collisions at the STAR
at RHIC experiment. Results are discussed with reference to
pQCD predictions of the open charm cross-section as well
as the statistical hadronization model.
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1 Introduction

1.1 Charm production

The study of charm production has recently become an im-
portant sub-field of relativistic heavy ion physics. The large
mass of the charm quark (between 1.2 and 1.8 GeV) allows
one to calculate a total cc̄ cross-section via pQCD [1]. Mea-
surement of the charm spectra can provide insights into the
new forms of matter generated in a relativistic heavy-ion
collision. For example, a measurement of the nuclear mod-
ification factor, RAA, which is the ratio of a particle’s yield
in A+A collisions divided by its yield in p+p collisions as a
function of pt and normalized by the number of binary col-
lisions, can give insights into the properties of the medium
as charm particles pass through it.

According to pQCD predictions cc̄ pairs should be pri-
marily produced through gluon fusion in the early stages of
a relativistic heavy ion collision fireball at RHIC collision
energies. The charm cross-section for 200 GeV nucleon on
nucleon collisions can be calculated by summing Feynman
diagrams at either the Next to Leading Order (NLO) or the
Fixed Order Next to Leading Log (FONLL) levels [2]. Sys-
tematic error limits for the theoretical charm cross-section
predictions are calculated by taking range of possible values
of the charm quark mass and of the strong coupling constant.
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Two alternate methods were used to predict the charm
cross-section. In the first method, the differential cross-
section was calculated for each pt slice. These cross-
sections were then integrated to achieve a final result of
σcc̄ = 244+381

−134 µb at the NL0 level and σcc̄ = 256+400
−146 µb

at the FONLL level [1]. The second method is to calculate
the full charm cross-section over the full pt range in one
step. In this case charm cannot be treated as an active flavor
(the charm quark is considered massive). The result obtained
here is σcc̄ = 310+1000

−210 µb [1]. Note the large error bar in the
positive direction. This is due to the uncertainty in αs when
the momentum is roughly equal to the charm mass.

A measurement of a D0 yield can be used to help find the
charm cross-section. An extrapolation will have to be used
to compute the cc̄ yield from just the D0 alone. Of course, a
full measurement of the charm would require measuring all
of the major charm hadrons (D0,D+/−,Ds,�c). However,
in STAR’s Cu+Cu 200 GeV data, we have only been able
to obtain the D0 spectrum.

1.2 Ds production

A large enhancement of Ds meson production is expected in
the presence of a quark-gluon plasma relative to a hadronic
gas because Ds mesons become kinematically easier to
produce during a deconfined phase. Assuming the plasma
is thermalized, the statistical hadronization model can be
used to predict the ratio of the Ds yield to other charmed
mesons [3]. A measurement of the Ds yield can be used to
either falsify or further verify the statistical hadronization
model.

2 Procedure

2.1 Detectors

The analysis reported in this paper is based on data taken
at the Solenoidal Tracker at RHIC (STAR) Experiment (see
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Fig. 1 The STAR detector

Fig. 1) at the Relativistic Heavy Ion Collider (RHIC). Both
the D0 and Ds analyses are based on data taken from
STAR’s Time Projection Chamber (TPC) [8]. The TPC is
a gas-based tracking detector which completely surrounds
the beam line in azimuth. Particles’ momenta are calculated
by using their curvature in a magnetic field. By measuring
a particle’s energy loss (dE/dx) as it transverses the TPC,
particle identification can be done through use of the Bichsel
parameterization [9].

The Silicon Vertex Tracker (SVT) [10] sits inside the
TPC and can help identify charm mesons by finding their
decay vertices. The SVT consists of three barrels of Silicon
Drift Detectors which are used to reconstruct particle tracks
to their origin. The SVT’s vertex resolution is 60 µm, less
than the Ds decay length of 149.9 µm.

2.2 Invariant mass reconstruction

By using the Bichsel parameterization method to do par-
ticle identification, lists of pion and kaon candidates and
their associated momenta can be created. For some ranges
of dE/dx and momenta pions and kaons are indistinguish-
able. In these cases, a single track can be listed as being
both a pion candidate and a kaon candidate. In the region
of dE/dx-momentum space where pions and kaons over-
lap, cuts on dE/dx and momentum are used to reduce the
pion contamination of the kaons. Because there are so many
more pions than kaons, cuts to reduce the kaon contamina-
tion of the pions are not necessary. The momenta are then
used to reconstruct the invariant mass via the combinato-
rial technique. The D0 (D̄0) is reconstructed through the
D0 → π+K− (D̄0 → π−K+) channel while the D+

s (D−
s )

is reconstructed through the D+
s → φπ+ → K+K−π+

(D−
s → φπ− → K+K−π−). For the D0 the formula is,

mD0 =
√

m2
π + m2

K + 2(EπEK − |pπ ||pK | cos(θ)) (1)

Fig. 2 The invariant mass distribution calculated from Kπ combina-
tions before background subtraction in 200 GeV Cu+Cu collisions

Here, θ is the angle between −→p π and −→p K . The Ds mass is
calculated using a similar procedure. From here on D0 will
imply ‘D0 + D̄0’ unless otherwise specified.

2.3 Background subtraction for the D0

The D0 mass peak is not visible before background subtrac-
tion (see Fig. 2). A simulation showed that the large slope
of the underlying background would cause a Gaussian func-
tion the size of the D0 peak to become invisible. Therefore,
a background must be generated and subtracted. We do this
using two different methods. In the first method the momen-
tum vector of the kaon daughter of a D0 candidate is rotated
every 5 degrees between 150 and 210 degrees in the plane
transverse to the beam line. This rotation destroys any reso-
nance peaks. Multiple 5 degree rotations are used to reduce
statistical noise in the background (this has been verified by
simulation). However a rotational background subtraction
does not eliminate any correlations coming from other reso-
nances which may have misidentified daughters (for exam-
ple, the K0

s has two pion daughters). If one pion is misiden-
tified as a kaon the K0 correlation will still remain after
background subtraction. Another source of residual back-
ground is from collective flow. As with other misidentified
resonances, since collective flow is a real physical correla-
tion, it can not be subtracted using the rotational technique.

A second method of background subtraction is called
‘event mixing’. In this case, kaon and pion tracks from dif-
ferent but similar events are used to reconstruct the back-
ground. Since it is impossible for tracks from different
events to be correlated, this method should create a random
background. However, events are always a little bit different
in properties such a total multiplicity, position, and reaction
plane (this depends on the geometry of the colliding ions).
Such differences may cause residual background to be cre-
ated. Another concern is that event mixing does not conserve
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total energy or momentum. Because of these factors, resid-
ual background remains.

In order to subtract the remaining residual background a
polynomial curve is fit to the mass region around the D0

peak after the event mixing or rotational background has
been subtracted. The peak region itself is excluded from the
fit. The polynomial function is then subtracted from the in-
variant mass spectrum to obtain the mass peak.

2.4 Reconstruction of the Ds meson

Though the Ds meson is also reconstructed through the
invariant mass reconstruction technique, there are several
important differences. Since the cτ of the Ds meson is
149.9 µm, a cut on the decay length can be used to im-
prove the signal to background ratio. This requires the use
of the SVT to trace back the daughter tracks of the Ds to the
Ds decay vertex. Only tracks with decay lengths of between
100 µm and 500 µm are used to reconstruct Ds mesons. In
order to dramatically reduce background, a cut on the in-
termediate φ resonance mass is made (1.0145 GeV/c2 <

mK+K− < 1.0225 GeV/c2). The φ resonance is visible be-
fore background subtraction. In order to approximately re-
construct the background, K+K− pairs away from the φ

resonance are combined with π mesons to generate an in-
variant mass spectrum. Of course, the sample will also con-
tain some true Ds mesons which do not decay through the φ

resonance but their number is assumed to be negligible af-
ter the background is normalized to a region close to the Ds

signal.

3 Results

3.1 D0 yields

A D0 signal was found with a significance of 4.3σ at
mid-rapidity (|y| < 1.0) (see Fig. 3). The invariant mass
spectrum was then split into three bins, one from 0.3 to
1.3 GeV/c2, one from 1.3 to 2.3 GeV/c2, and one from 2.3
to 4.3 GeV/c2. The resulting yields were fit with an expo-
nential in mt − m0 to obtain a yield via the formula

1

2πNevts

d2N

ptdptdy
=

(
dND0

dy

)
× e−(mt−m0)T

2πT (mD0 + T )
. (2)

The result of the fit is
dN

D0

dy
= 0.360 ± 0.078(stat.) (see

Fig. 4). Since this is a mid-rapidity measurement of D0

mesons, to convert to a full charm cross-section, an extrap-
olation must be made. This requires: (a) an extrapolation to
full rapidity, (b) the ratio of D0 to cc̄, (c) a normalization
to the number of binary collisions, and (d) a scaling to the
inelastic cross-section of nucleons.

σNN
cc = (dND0/dy) × (σ inelastic

pp /NCuCu
bin ) × (f/R). (3)

Fig. 3 K−π+ + K+π− invariant mass spectrum after background
substraction in 200 GeV Cu+Cu collisions at 0–60% centrality after
a residual background subtraction of a polynomial function

Fig. 4 The D0 + D̄0 spectra in 200 GeV Cu+Cu collisions at 0–60%
centrality fit with a decreasing exponential function

Where f = 4.7 ± 0.7 is the normalization to full rapid-
ity (calculated from simulation) [13], R = 0.54 ± 0.05 is
the ratio of D0 to cc̄ pairs as measured in e+e− collisions
[11], NCuCu

bin = 80.4 + 5.9 − 5.6 is the average number of
binary collisions in a Cu+Cu collision with a centrality of 0
to 60%, and σ inelastic

pp = 42 mb is the proton-proton inelas-
tic cross-section [12]. After these factors are applied, the to-
tal charm cross-section in NN collisions is calculated to be
1.64 ± 0.36(stat.) mb. Systematic error evaluation is still in
progress.

3.2 Ds results

A candidate D+
s peak was found with a statistical signifi-

cance of 3.0σ (see Fig. 5). This is too small of a signifi-
cance to create a pt spectrum. On the other hand, the possi-
ble detection of a peak is a good proof of principal that a Ds

analysis based on inner silicon tracking can work. Strangely,
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Fig. 5 (a) The φπ+ invariant mass spectrum. A candidate peak is visible near the D+
s mass. (b) The φπ− invariant mass spectrum. No candidate

peaks are visible

a D+
s population is seen but no D−

s . This may either be due
to low statistics or to a real physical effect. The raw yield
of D+

s is 22 ± 11 counts. The upper limit of the raw D−
s

yield is 12 counts, assuming a statistical significance of 2 is
needed in order to observe a signal, implying that the D+

s

and D−
s yields are still statistically consistent with a ratio

of 1. Further measurements in 200 GeV d+Au and Au+Au
collisions must be undertaken in order to fully understand
whether the charge asymmetry is real.

4 Sources of systematic error

The systematic error evaluation is not yet complete but the
sources of systematic error can be listed. Particle identifica-
tion of tracks from the TPC through use of the Bichsel pa-
rameterization includes a systematic error. Also, the dE/dx-
momentum cuts themselves are a source of systematic error.
There is also a systematic error present from the choice of
background subtraction (rotation or mixing).

5 Discussion

The measured Cu+Cu charm cross-section of 1.64 ± 0.36
(stat.) mb is consistent with previous STAR results assum-
ing binary scaling (see Fig. 6) [6, 7]. This means that open
charm is indeed produced during initial gluon fusion. How-
ever, the measured charm cross-sections are near the upper
limit of the NLO prediction and far above the most probable
theoretical prediction. This may have implications for the
value of the charm mass and the strong coupling constant.
The charm cross-section measured in 200 GeV Cu+Cu col-
lisions, like other STAR measurements, is roughly a factor

Fig. 6 The measured charm cross-sections of STAR and PHENIX
[4–7]. NLO predictions are also marked out

of two larger than the mean of the charm cross-section mea-
sured by PHENIX. The cause of this discrepancy is still be-
ing investigated. Also, a candidate D+

s signal was found but
no D−

s . New measurements are needed to confirm whether
this is a real physical effect or not.
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