
  

Charm at RHIC

The goal of RHIC is the identification and
study of the properties of matter with
partonic degrees of freedom. Previous
studies have identified partonic
collectivity*, but we have not yet
demonstrated thermalization of the
created matter. The study of the
production of charm hadrons can address
this issue.

 

 

Charm Measurement

 

 

 

Heavy Flavor Tracker Design

Figure 6: CMOS sensors on wafer
before dicing (a). Sensor chip detail
(b).  

Figure 7: Individual ladder arrangement of
CMOS sensors (a). Full ladder array
together with support structure (b).  
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To provide the accurate track reconstruction
required by the intended measurements, the
detector design includes:

• Small radiation length to minimize multiple
scattering

• Sensors positioned close to the interaction
region (1.5 cm)

• High resolution (10µm) for pointing
accuracy; sufficient to resolve decay vertices

Sensors
• CMOS Active Pixel Sensor technology

• 30  µm pixel size, 8 µm final hit resolution

• Chips can be thinned to 50 µm thickness;
allowing a very low radiation length detector
(.28% X0 total of sensor and support, for each
layer).

Support Structure
• Low mass in interaction region

• Repeatable positioning to 10 µm

Charm Hadron Reconstruction
Charm Hadrons are reconstructed through their decay
topology. The effectiveness of selection cuts to suppress the
background and improve the signal to noise ratio can be seen
in figure 13. D mesons and ΛC are predicted to be successfully
reconstructed at significant rates (see figures 14 and 15),
allowing the study of spectra and charm flow in an event.

Event ReconstructionEvent Reconstruction Requirements:

• High Purity. The track will only achieve
the desired resolution if the correct hits
are added.

• High Efficiency. The (correct) hits must
be added at sufficient rates to allow two
and three body decay reconstruction.

To achieve these goals, we use a
combination of tracking algorithms for the
two stages of the introduction of the HFT to
STAR. For the HFT prototype, where we rely
on the SSD as our intermediate tracking
device, a vertex constraint is required.

The full detector, with a new intermediate
tracking suite, will be able to function in all
centralities.

Figure 10: Efficiency for adding correct HFT points
to the candidate tracks in central Au-Au events,
prototype detector configuration (TPC+SSD+HFT).
The efficiency approaches 60% above pT=2 GeV/c

Figure 11: Ghost Rate. The rate of adding one or
more incorrect HFT hits to the candidate tracks. For
the prototype configuration, the rate is 12% for
tracks with pT above 700 MeV/c.

Figure 13: Invariant mass distributions with
varying cuts. As the cuts become more stringent,
the background is suppressed.

Figure 14: D meson reconstruction efficiencies. D0 ( a two
body decay) is reconstructed with an efficiency ~10% at
high pT (>4GeV/c). The D+ and Ds have lower, but still
significant, reconstruction efficiencies.

Figure 15: ΛC Reconstruction with with the HFT (protoype
configuration, TPC+SSD+HFT). The distance of closest
approach between the candidate tracks and the
reconstructed vertex for both background (red) and signal
(black) is shown in panel (a). A region of enhanced signal to
background can be seen at high dca (>100 um). Likewise in
the decay length and cos(θ) distrbutions (b and c). Finally,
sample invariant mass distributions (d and e) for two
momentum bins and the high efficiency (f) demonstrate the
power of the detector to reconstruct even the short-lived ΛC.

Figure 12: Event vertex reconstruction resolution. The
reconstruction of the primary vertex will improve by an order
of magnitude with the inclusion of the HFT. For the
prototype configuration (TPC+SSD+HFT) requires a seed
vertex to reduce hit ambiguity, and so imposes a low
multiplicity cutoff (70% centrality).

Conclusions
• Direct Measurement of charm hadrons provides information on
thermalization and energy loss in the medium

• With the HFT, charm hardrons can be reconstructed at the STAR
experiment at RHIC from their decay topology

• Anisotropic flow measurements made with the HFT will distinguish
between extreme flow scenarios within the first running cycle, and
provide a distinct and direct limit for theory.

D0 Yield and Flow
Together with the expected
STAR DAQ upgrades, the
previously demonstrated
performance allows us to
address our proposed
physics program.

• Measure the invariant yield
within 10% statistical errors -
provides information on charm
energy loss in the medium

• Measure the charm anisotropic
flow well enough to distinguish
between extreme charm flow
scenarios

Figure 16: Assuming an initial exponential distribution in pT,
With the number of events listed in table 2, the expected
errors shown in (b) are small enough to distinguish between
extreme charm flow scenarios.
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Figure 1: Stages of a Heavy Ion interaction. Lorentz contracted ions before the
collision (a).  Interactions between nucleons occur as the nuclei pass through

Figure 2: Illustration of an ion collision. The spatial
asymmetry of the interaction region creates an
asymmetry in the particle momentum distribution.

Figure 4: Decay of D0 into K and pi daughters.
Direct reconstruction of the charm hadron requires
high track accuracy to identify the secondary decay
vertex from the primary ion interaction.

• Charm quarks are created early
in the interaction

• Charm quarks derive mass from
the Higgs field, and so stay heavy -
even during chiral symmetry
restoration

• Charm quarks are therefore a
massive probe, which should
maintain characteristics developed
during the early stages of the
collision.

Direct reconstruction of charm hadrons at STAR in
RHIC is a challenging measurement, which will
require an upgrade to the current tracking detector
suite. The prototype HFT will be in STAR in 2008,
and the final detector in 2010.

Figure 8:The HFT embedded within the current STAR geometry.

Figure 9: Sample track from data event taken
during chip tests at the LBL ALS.

Figure 3:Masses of the various quarks and their
source. Under chiral symmetry restoration, the QCD
mass contribution becomes zero.
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one another (b). Hot, dense matter is
potentially formed (c ). The matter
cools, condensing into individual
hadrons (d). Finally, particles emerge
and are detected. (e).

a. b. d.c. e.

Table 1: Number of events required for 10% statistical
errors in the measurement of the invariant yield.

Table 2: Number of events required for 10% statistical
errors in the measurement of the anisotropic flow.
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