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The Relativistic Heavy Ion Collider
_@ Brookhaven National Lab

SRR = *‘ ; We’ve created a strongly-coupled

B RS g QCD matter at high temperature and
energy density with partonic collectivity.
* Jet quenching

* Modification of high py

particle correlations

* Quark number scaling
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The Solenoidal Tracker At RHIC
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Detectors for open heavy flavor analysis
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Barrel Electromagnetic Calorimeter(BEMC): shower energy, triggering, electron PID via E/P
Barrel Shower Maximum Detector(BSMD): fine spatial resolution, electron PID via shower profile
Time of Flight detector (TOF): significantly improved PID for charged particles




Motivation for heavy flavor studies
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—— Initial fusion Good theoretical control:

+—— soft+hard distribution . . .
¢~ hard distribution Initial fusion (hard process) dominates
I3 | | heavy flavor production.
. . Bjorken Correlation
AN N\
. M. Gyulassy & Z Lin, Large masses ensure an energy spale
SRERNNN ™\ PRC51(1995) 2177 where perturbative QCD is applicable.
N }
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) I 1 ‘\\\:;-\ 1
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Charm quark Pr(GeV)
»  Study charm and bottom cross-section
»  Study the energy loss mechanism of heavy quarks inside the medium
»  Study properties of the hot and dense medium at the early stage of

heavy-ion collisions




Previous D' meson direct reconstructions
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DY meson in Cu+Cu 200GeV
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D * meson 1n AuAu 200GeV
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DY meson in p+p 200 GeV
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 Year 2009 data.
e 72% TOF installed.

* various background
reconstruction methods.

* consistent signal ~4sigma
observed.



D" meson in p+p 200GeV
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Summary of charm mesons
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€ STAR measurements in Cu+Cu, Au+Au and d+Au show N, .
scaling of charm cross-section

€ STAR D, measurement in Au+Au is consistent with the statistical
hadronization model.

€ Open charm hadrons are reconstructed from STAR run9 p+p
200 GeV data. Four sigma D™ signal at low pr and more significant
D* signal at high p are observed.

€ Working on efficiency for p; spectra and cross-section and Run10
data



Non-photonic electrons (NPE)

13

NPE: semi-leptonic decays of open heavy quark hadrons
c —=>e" +anything(9.8%) D°—K +e"+v, (3.5%)

Advantage: EMC based high tower trigger, reaching high p
Disadvantage: Incomplete kinematics

Outline:
<Background in the NPE analysis

<High pT NPE yield, R, ,
<-High pT NPE-hadron correlation in p+p 200GeV, the near side: b/c seperation
<*High pT NPE-hadron correlation in Au+Au, Cu+Cu, d+Au 200GeV, the away side

<NPE elliptic flow
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Background in NPE analysis

The main background is photonic electrons:

Photon conversions in material y—=e +e
Dalitz decays of pseudoscalar mesons 7’ np—y+e* +e

In Run08, inner detectors (SVT and SSD) were removed, significantly reduced this background
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High p NPE 1n 200GeV p+p
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High p NPE-hadron correlations:near side

Different decay kinematics for charm and bottom hadrons
—> Crucial for charm and bottom discrimination.
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Bottom electron 1s suppressed
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Combine the obtained b/c separation with NPE R, , (PHENIX:arXiv:1005.1627)

RV =(1-r)RZ +r,R
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Separated Bottom electron and Charm electron

im in p+p @ ZOOGeVE

Applyéth e ratios to NPE spe ctri With spectrum shapes from model

calculations, one can extrapolate the total
production cross sections of bottom quark:

In p+p collisions at+/s =200 GeV, extrapolated
based on STAR NPE measurements at high py,
o, =134ub with PYTHIA, MSEL=1 Mode.

o,-=1.83ub with PYTHIA, MSEL=5 Mode.

10°K.

PYTHIA results bear12.5% (stat.) and 27.5% (sys.) experimental uncertainties.

Ed®°c/dp® (mb GeV?c?)

+0.99
FONLL[ calculation: O,; =1.87 ; ub

Wengin, LLWI 2011

FONLL]1] is consistent with data in the
bottom case; slightly lower for charm

[1] FONLL: M. Cacciari, P. Nason and R. Vogt, Phys. Rev. Lett. 95,

20122001 (2005);
M. Cacciari, R. Vogt, private communications.

Data/FONLL




High p NPE-hadron correlations:away side

Heavy flavor daughter electrons represent R e
parent momentum direction well, A proxy to Y k / K*
when p¢,>1.5 GeV/c for D case, b/c quark-hadron

and when p¢; > 3 GeV/c for B case. correlation \/:70
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Away Side in medium:

How does B/D lose energy?
Any pattern like what seen in di-hadron?




High p NPE-hadron correlations away side *
Broadened in Au+Au, Cu+Cu
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High p NPE-hadron correlations away side *

NOT broadened 1n d+Au
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The away-side correlation can be well described by PYTHIA calculations for
p+p. No medium effects seen here.
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How much do heavy flavor quarks flow?
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NPE v, is finite, and lower than hadron (or K%, A) v,, with large uncertainties.

not apple to apple: the NPE p; < heavy flavor parent hadron pr,
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Summary of NPE

»NPE at high p; is largely suppressed in central Au+Au collisions.

»NPE-h correlations in p+p collisions has been measured to separate B
and D contributions

* Bottom hadron yield in central Au+Au collisions is also
suppressed.

* Bottom electron at high pin p+p 1s consistent with FONLL,
while charm electron is close

»The away side of NPE-h correlation is modified in central Cu+Cu and
Au+Au collisions; not modified in d+Au collisions.

» NPE v, is finite, and lower than hadron (or K%, A) v,, with large
uncertainties
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STAR upgrades tor Heavy Flavor physics

Heavy Flavor Tracker(HFT):

Direct topological reconstruction of open charmed hadrons in HI collisions
e No ambiguities in the charm hadron kinematics

* No ambiguities in the charm/bottom hadron mixture

* Significantly improved significance by secondary decay vertex reconstruction

SSD at r=22cm =
PIXEL at r=2.5cm and r=8cm| HFT

IST at r=14cm

Muon Telescope Detector(MTD):

Advantages over electron channels:

* No y conversion, much less Dalitz decay contribution, much less combinatorial background
* Less affected by radiative losses in the detector materials

* Also important for heavy quarkonia studies



Physics Projections
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STAR Upgrade Schedule

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018..

DAQ1k -

TOF s ——————"—__._ - ——

HFT e

MTD —_
STAR,

with the HFT and MTD upgrades,
remains the i1deal place to carry out

Heavy Flavor studies
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What we’ve learned in heavy 1on collisions
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Summary of the talk:

Heavy Flavor is an important probe to the medium, with the potential of quantitatively
understand the properties of the medium.

STAR studies open heavy flavor via direct construction and NPE.

STAR, with the HFT and MTD upgrades, remains the ideal place to carry out these studies.
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Lower py NPE 1n 200GeV p+p
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* Non-photonic electron signal is higher than photonic background at p>1.2 GeV/c

* The measured e/pion ratio from run8 supports our previous low p; NPE measurements published

* Statistics are much higher than what we had before



