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Due to their production at the early stages, heavy flavoriglest are of interest to study the
properties of the matter created in heavy ion collisionst@ In particular the measurement
of their elliptic flow, as well as their energy loss could gimsights about the properties of the
medium. Previous measurements»f andB-mesons at RHIC using indirect methods such
as non-photonic electron spectra show a suppression sitmithat of light quarks, which is in
contradiction with theoretical models including gluoniediye energy loss mechanism. However,
this method involves large incertainties to disentangtesben theb andc quarks contributions. A
direct topological reconstruction is then needed to oldginecise measurement of charm meson
decays. In this talk we will present a micro-vertexing tegme used in the reconstruction bf
decay vertexD® — K~ 7rt) and its charge conjugate.

The STAR experiment has recorded data from Au+Au collisengsyn = 200 GeV (year 2007)
with its inner tracker, consisting of a 3-layer Silicon @detector (SVT) and an one-layer Silicon
Strip detector. We report here preliminary results of timalgsis.
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1. Introduction

Due to their large masses, heavy flavorafdb) quarks are produced in the early stages of
heavy ion collisions [1] by perturbative QCD processes saslyluon-gluon fusion andqg an-
nihilation. Therefore heavy flavor measurement may prousieful insights of the initial matter
created during heavy ion collisions. Theoretical modebdimted that the principal energy loss
mechanism of heavy quark, gluon Bremsstrahlung, to be igsgisant than the gluon radiation of
light quarks because of the dead cone effect [2]. This mésitastates a suppression of the energy
loss at small angle8<my/E , wheremg and E are respectively the heavy quark mass and its energy.
Energy loss is experimentally studied through the nucleadifitation factor Raa), defined as
the ratio of hadron yield in heavy ion collisions over the ttwadyield in p+ p collisions, geo-
metrically scaled by the number of collisions. A surprisnegult from the Relativistic Heavy lon
Collider (RHIC) was aRaa Of non-photonic electrons at high transverse momenggnsimilar
to the one observed for light hadrons [4] for>5 GeV/c and is then in contradiction with mod-
els. RHIC measurements of heavy quark energy loss [4, SNhimgnon-photonic electrons from
semi-leptonic decays, include the contributions of bdtAndB mesons. From ref. [4], models
with only radiative components predict less suppressian thbserved, and even so when adding
collisional component. As mentioned in ref. [6], there isuatertainty between the contributions
of B andD mesons to non-photonic electrons at intermedmgtaround 3-4 GeV/c.

It is essential to determine experimentally their relatmtribution to understand the observed
suppression of heavy flavor at highk in Au+Au collisions.

One new analysis technique proposed to separate charm #odhbguarks was to look for az-
imuthal correlations of electrons with open charm mesofs Ii8has been shown from ref. [7]
that the shape of the azimuthal correlation distributityp)(in the transverse plan to the colliding
beams, due to different kinematics, allows the measureofdhe ratio of electrons frorB decays
andD decays. This method uses the fact that charm quarks préédhemadronize directly to
D? (c—D%X, BR = 56.5%) whereas bottom quarks indirectly with a prithn of aB meson
(b—B~/B°%/B2—D%+X, BR = 59.6%) [9] and with a charge correlation between tleeteon and
the kaon coming from thBP decay (see left panel of figure 1).
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Figure 1. Left: schematic view of the fragmentation otéandepair; right : Relative contribution from
B mesonsi(g) to the non-photonic electrons yield as a function of thadv@rse momentumr of electrons

[7].

Results from ref. [7] indicate the relative contributionBxflecays to the non-photonic electron
production increases witpr and comparable to the meson decay contribution gt > 5 GeV/c
(right panel of figure 1). These measurements are consistdnFixed Order Next to Leading Log
(FNOLL) calculations [6] and suggest that the contributidmon-photonic electron froB meson
decay should be as well be considered in theoretical models.

Another method to disentangle between BhandD meson decay would be a direct measurement
of charm through thé meson hadronic decaypf—Kr, BR = 3.89%,D"—K~ "™ and its
charge conjugate, BR =9.22% [9]). Indeed as semi-leptomiasurements do not provide the full
kinematic of the heavy flavor, a direct measurement couldigecthis.

STAR experiment has measured this channel through sevellaing systems : d+Au [10],
Au+Au [11], Cu+Cu [12]. These measurements used an invarass technique to identifi
mesons. The combinatorial background, inherent to thisnigae, is then subtracted by using
either a rotational or mixed events technigue.

The direct measurements 8f mesons mentioned here had been done using identified tracks
only. This can be improved by using precise detectors atigvé secondary vertex reconstruc-
tion method, thus to reduce combinatorial background.

2. STAR detector and analysis method

2.1 Tracking apparatus

STAR is a multi purpose detector [14] at RHIC. The subsystesed in this analysis are
the tracking detectors in the central region. They are campmf a cylindrical Time Projection
Chamber [15] (TPC) surrounded by a solenoid magnet. The Te&sures the momentum of
charged particles and allows their identification throughdnergy losdE/dx) inside a gas mixture
of argon and methane. Pion and proton bands are separategtip-t1.2 GeV/c.

Close to the colliding beams axis are located the Silicote¥eFracker detectors, composed by the
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Silicon Vertex Tracker (SVT) [17] and the Silicon Strips Betor (SSD) [16].
The SVT used silicon drift sensors and the SSD used doubésl siticro-strips sensors. Their
positions, thicknesses and spatial resolutions are liptédble 1.

Table 1: Characteristics of each silicon layer of the STAR silicomte® Tracker.

Detector Number of layers Technology Hit resolution Thiegs
(radius) (design) radiation lengths
[cm] (R—g[um] -Z[um]) (Xo)
SSD 1(23) double sided strips 20- 700 1%
SVT 3(6.8;10.8;14.8) Silicon drift 20 -20 1.5% per layer

The figure of merit of a vertex tracking system is the pointiegplution of reconstructed tracks
(0pca), Distance of Closest Approach (DCA), to the primary casiisvertex. Single track DCA is
a crucial part of the charm decay reconstruction because gg@ometrical cuts are often based on
the distance of tracks to the primary or distance betweepringary and secondary vertexes. The
pointing resolution then mostly depends on the charatiesisf the inner detector layers.
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Figure 2: Pointing resolution (DCA) irR— ¢ (left) and Z (right) as a function of inverse momentum for
tracks with 0 to the maximum (4) of silicon hits.

Figure 2 show the pointing resolution, expressed as thelatdrdeviation of the global DCA
as a function of the inverse momentuP, for different combinations of silicon hits included in
tracking. The lines modelize the pointing resolution 18 using the function /A2 + (B/p)2. This
function aims to describe the different tracking compos@fithe DCA (primary vertex resolution,
track pointing resolution and alignment of detectors, gtCoulomb Scattering (MCS)[13]). We
can see that :

e the pointing resolution increases at low momentum becallSEC& effect.

e for a given momentum, the resolution is significantly imgdJrom tracks using no silicon
hits (open squares, tracks with only TPC hits) to tracksgusihsilicon hits (filled circles).
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We can see that tracks with 2 or more silicon hits have 10 timett®ropca than tracks with
only hits from the TPC.

The pointing resolution in transverse directimﬁgff) and along the beam axis§.,) atp =
1 GeV/c, obtained from the form function, are reported inl@&bfor all silicon hits combinations.

Table 2: Pointing resolution fim] vs. number of silicon hits for 1 GeV/c track momentum obéal from
the form function.

number of hitin SSD 0 1 1 0 1 0 1
number of hits(s) in SVT 0 0 1 2 2 3 3
GEF;EX’ 3140 990 483 365 341 260 252
Obca 2490 1730 550 397 400 284 295

Pointing resolutions are different R— ¢ and Z for tracks without any SVT hits due to the
asymmetric hit resolution of the SSD (worst in the Z direglioVe also note that adding the SSD
hit to tracks with already 2 or more SVT hits does not changemtbe pointing resolution. The
reason is because the pointing resolution is mainly driyetin® inner layers of the SVT.

The achieved error at momentupn= 1 GeV/c is compatible to that of the charmed mesons
decay (for e.g.ct(D°%)= 1229um), making a first attempt to measure charmed particle throug
displaced vertex technique. Indeed even the charactsristithe inner tracker, in terms of geome-
try and material thickness, are rapttimized for direct charm reconstruction, the pointing resolution
obtained with the single track may be sufficient to considigrauppress the combinatorial back-
ground by few orders of magitude.

2.2 Secondary Vertex Fit

The secondary vertex technique consists in a least squardiig daughters tracks, requiring
that they are originating from a common point. The errorsndiviidual daughter track (through
their covariance matrix) have also been used for a bettenation of the fit parametets This
method has been tested with Monte Carlo simulation (MChaisingleD° particles generated by
HIJING and propagated through the STAR software reconsbrc

The left-hand side plot of figure 3 shows the correlation leetmvthe reconstructed decay
length (reco) Of the D® and the MC decay length_{ic). Lreco iS Signed : it is positive for decays
for which the momentum vector and the decay length vetitdrare pointing in the same direction
and negative for decays with anti-parallel momentum andylgectors. Fits with only confidence
level more than 0.01 [18] have been used hérgy is clearly correlated withyc and shows no
shift with respect with the simulated ones (plain symbolsigtit-hand side plot of figure 3), with
a standard deviation of the order of the resolution achievigd the inner tracking system (open
symbols).

13D signed decay length (L) and its ermar, x2 and confidence level of the fit [18].
T=3- Pv, difference between the secondary and primary vertex.
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Figure 3: Left: correlation betweehyeo andLyc ; right : differencel eco-Lmc @s a function ofoy of the
MC DC.

3. Preliminary results

About 35 Million events have been analyzed from Au+Au calis at./s, = 200 GeV
from RHIC Run-73. The D° (D have been reconstructed through their hadronic deBdys
(D%9— K~ m™ (K*7) by pairing tracks identified as kaon and pion and calculative invariant
mass. Once the pairs have been formed, the secondary veitganficomputes the signed decay
length, as well as its error associated. Several quality atgach level (event, single track and pair
association) have been used, in order to reduce the cornbaldtackground, such as (list is not
exhaustive) :

e events for which the primary vertex position along the beais ¥, is located in [-10;10
cm] and a resolutiomw,, < 200 um.

e number of silicon hits : from figure 2 (left panel), we have st to keep only tracks with 3
or 4 silicon hits.

e global DCA of tracks to the primary vertex collision to bedekan 1 mm.

e tracks with a measuredE/dx in the TPC between -2 and 2 for standard deviations from the
expected meadE/dx for pion and kaon.

e error of the signed decay length< 1mm.
e confidence level of the fit > 0.1

Left panel of figure 4 shows the preliminary uncorrected réasidy* of unlike signKrt pairs
before subtraction by a third order polynomial fit, repreéedrby the red line : a small excess can
be seen in the mass range aroundMenass Mo = 1.864 GeVe?). The right panel of 4 shows
the same uncorrected yield subtracted by a third order patyal fit.

The total yield ) corresponding to the signal (S) + background (B) has alem been fitted by
a gaussian function combined with a third order polynomia{r&d curve of left panel 4). The

3the silicon detectors were only used for run V and run VII.
4of detector acceptance
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estimated signal significan&+/S+ B is 10.
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Figure4: Invariant mass ob° + DO before (left) and after (right) background subtraction.

o KT 400 o K'm

gaus Fit

]
| H\l\l

gaus Fit

J—
75
[

o

o—

Pt Nl
\\“ 4%

STAR Preliminary

-100 |

il

7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1
inv. Mass Kt [GeV/c?] inv. Mass Kt [GeV/c?]

‘ H J} ‘ -100!

STAR Preliminary \ 200

—200t

-300t

-300t

= N}
o o
S S
TSI T T IS T T T T T T TG T T T T T T T T 7T
N}
o
S

#pal.LS
(=]
o
P TT T T T T Ty T T T [ T I T T T T TTT T
<

Figure5: left : invariant mass ob? ; right : invariant mass obo.

The preliminary invariant mass @° and D° separately has also been estimated within the
same cuts (see figure 5 for subtracted yields with the sameniitibn as for the yield° + DO).
The ratioD%DV is estimated to be.@5+ 0.19 where the quoted error is statistical only. This ratio
is expected to be close to unity for collisions at RHIC eresglue to a vanishing baryo-chemical
potential. Anindependent combinatorial background retroction is needed to further understand
the systematics db° signals.

4. Futurein STAR

STAR experiment is actually upgrading its central trackdeyice in order to improve the
measuring capabilities of heavy flavor. A new silicon vertietector, the Heavy Flavor Tracker
(HFT), using low mass CMOS sensors [20], will be able to diyereconstruct charm hadrons
over a large momentum range and, thus, study flow and enesgyofcheavy flavor particles [19].
The overall pointing capabilities of the HFT will be a factfrten better than the current system.
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Several physics capabilities such as baryon/meson ratieeinpharm sector have been studied with
full system simulations.
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Figure 6: Expected? prt spectra and elliptic flow with the HFT.

Figure 6 illustrates the capabilities of the HFT : left pasiebws the anticipategr of DY for
central Au+Au collisions. The measurement over a brpadange from almost 0 up to 10GeV/c
will be possible. Right panel shows the elliptic flow of th& for 2 scenarios where quark flows
with similar partonic flow of light quark (red symbols) anetlimiting case where have no elliptic
flow ; the HFT will shed light between these 2 limits.

An enhancement of baryon/meson ratio has been observed ligktt quark sector for inter-
mediatept [22]. The HFT, by measuring th&./DP ratio, will also provide a measurement of the
ratio baryon to meson, but in the heavy flavor regime (seedigr
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Figure 7: Estimated performance of HFT detector demonstrated abilisyso measure a possibksc / D°
enhancement.

5. Conclusion and per spectives

We have shown a method using full track information plus @sdary vertex fit using Silicon
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Vertex information to obtain higher precision data. Thistimoel has been used for a better mea-
surement oD meson hadronic decay channel from the Au+Au collisiong/ggy = 200 GeV at
RHIC. This method will be the baseline for future analysisixing the Silicon upgrades in STAR
that will perform detailed exclusive charm and bottom sgdi
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