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Charm producIon and Mass 

»          dominates at iniIal hard collisions  

»  good pQCD test at RHIC  
»  mc(~1.5 GeV) >> ΛQCD (~200 MeV):  can 
be evaluated by perturbaIve QCD                                      
hNp://arxiv.org/abs/nucl‐ex/0407006v5  

»  mass given by Electroweak SSB  

»  QCD chiral symetry breaking doesn’t affect 
charm quark mass 

2 

c
g

g g
c

»  in gluon radiaIve energy loss 
mechanism, charm quarks suffer  
less energy loss while traversing 
through partonic maNer (dead 
cone eff.) D. Kharzeev et al., Phys. LeN. 
B 519, 199(2001) 

»  collecIve moIon or 
thermalizaIon only if interacIons 
at the partonic level occur at high 
frequency (excellent probe of 
QGP) 

»  cross sec. in AA scaled with Nbin 

X. Zhu, et al, Phys. LeN. B647, 366(2007). 
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            obtained from Kπ pair            
       invariant mass subtracted by 
combinatorial background 

Open Charm measurement 

Motivation

Charm cross section from open charm yield

σpp
cc =

dNp+p
D0

dy
· σpp

inel︸︷︷︸
42 mb

· f = 4.7 (conversion to full rapidity)

R =
ND0

Ncc
= 0.54 (from e+e−colliderdata)

(1)

Open charm production at RHIC 3

p + p collisions compatible with the STAR data. Measurements of centrality dependence
of non-photonic electrons in d + Au collisions also shows the Nbin scaling [ 13].
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Figure 1. The total cc̄ cross section per nucleon-nucleon collision vs. the collision energies.
The low energy data points are selected from fixed target experiments [ 15, 16]. The
diamonds depict two cosmic ray measurements [ 17]. The dashed and dot-dashed lines
are taken from [ 12].

Available data for the cross production cross section at various energies are shown in
Fig. 1. The results in Au + Au collisions at RHIC will be discussed in the next sec-
tion. The dot-dashed curve depicts a typical next-to-leading (NLO) pQCD calculation
where parameters are optimized to fit the low energy data [ 18]. The dashed curve is
a PYTHIA (version 6.152) simulation with the parton distribution function CTEQ5M1.
Both the NLO pQCD calculation and the PYTHIA prediction give a total cross section
of 300− 450 µb, 2− 3 times lower than the experimental data. Data points from cosmic
ray experiments also support a large cross section at

√
s ∼ 300 GeV [ 17]. Recent analysis

of open beauty measurements by CDF shows high order processes (e.g. initial/final radi-
ation, gluon splitting, and parton shower production) contribute to a large part in heavy
flavor production at Tevatron [ 19]. The discrepancy at RHIC energy between data and
predictions indicates that these processes may play more important role in theoretical
model than previous thought.

Apart from an overall normalization factor, the electron spectral shapes measured by
PHENIX and STAR are consistent with each other within errors. Shown in Fig. 2, the
measured spectra are clearly harder than the overall contribution from charm and bottom
decays in the PYTHIA simulation. An important issue in obtaining the charm production

The total cc cross section per nucleon-nucleon collision vs. the collision energies

Total charm yield = yield from D0, D+, D+
s , Λc

We don’t have open charm cross section from hadronic channel in p+p

D. Tlustý (NPI ASCR) Open charm measurement with TOF February 4, 2010 4 / 20
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Phys.Rev.LeN.94:062301,2005 

PDG 

Pythia 

arXiv:0805.0364v2 

D0 

PRL. 94 (2005) 62301 
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We hadn’t obtained direct D0 
signal from p+p collisions yet 
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Event rate (x1000)
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The STAR detector and PID 
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Large acceptance:  |η| < 1,  0 < φ < 2π    TPC dE/dx vs p : pions PID 
  TOF 1/β vs p : kaons PID 

Run 9 p+p 200 GeV 107.7 M minbias events 

All pions 

pions with TOF or BEMC match 

low luminosity data 

ICPAQGP Goa, India 

VPDE 

VPDW 

Pile‐up pions   VPD EW coincidence: minbias trigger, TOF start Ime  

  TPC : PID, tracking   
  TOF : PID (β, Ime resoluIon = 110 ps) 

  BEMC : remove pile‐up tracks, ET triggers    

David Tlusty, NPI ASCR 



Event Display 

Good event 
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Pile up 

ICPAQGP Goa, India 

Green boxes – BEMC match points 
Blue boxes – TOF match points 
Red box – z‐posiIon of the vertex from VPD  

David Tlusty, NPI ASCR 
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yield    864.1"  2806.5 

mean   0.005" 1.862 

 #  0.004" 0.013 

track rotation

33.5 / 26
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 0.003"0.010 

same sign

29.1 / 26

   932.4" 3830.8 

 0.003"1.866 

 0.002"0.010 

$A!

Invariant mass of all K,π pairs 

•  Mixed event: A pion from an event is paired with all kaons in buffer events. Event buffer 
is filled randomly (within the z‐vertex window) 

•  Rotated kaon momentum: Each pion is paired with kaon with reversed 3‐momenta 
•  Like Sign: pions are paired with same charged kaons (within current event only). The 

geometric mean is calculated by                  
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2 N
π +K +Nπ −K −

K*0 

K2*(1430) 
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D0 reconstrucIon 
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Zoom in mass window (1.72 – 2.1 GeV/c2)  
~ 4σ signal observed. 
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D* reconstruction 

Background combinaIons: 
Wrong sign: 
       and π‐,        and π+ 
Side band: 
1.72< M(Kπ) < 1.80 or 
1.92 < M(Kπ) < 2.0 GeV/c2 

All triggers included. 
More than 4σ signal at low pT and very significant 
at high pT ‐ mostly from EMC‐based high neutral 
energy triggers. 

ICPAQGP Goa, India 
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D*+ (D*−)→ D0(D0) + π s
±

D0D0

David Tlusty, NPI ASCR 
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D* reconstruction 

All triggers included. 
More than 4σ signal at low pT and very 
significant at high pT ‐ mostly from EMC‐
based high neutral energy triggers. 

Wrong sign and side‐band method reproduce 
background well. 

No significant charge 
asymmetry is observed 

STAR Preliminary 

ICPAQGP Goa, India David Tlusty, NPI ASCR 



Summary and outlook 

•  4σ raw D0 signal observed in                      
p+p 200 GeV collisions 

•  more significant D* signal at high pT is 
observed 

•  excellent method to constrain charm 
cross secIon 

•  Cross secIon is coming soon! 

10 ICPAQGP Goa, India David Tlusty, NPI ASCR 



Backup slides 



How to extract charm cross secIon 
from D0 raw yield 
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power law 

Embedding 
dN

dp⊥
= 4

(n − 1)(n − 2)
〈p⊥〉2(n − 3)2

(
1 +

2p⊥
〈p⊥〉(n − 3)

)−n

p⊥

d2N

p⊥dp⊥dy
=

S(p⊥, dp⊥)

N0
Γi

Γ
ε(p⊥, dp⊥)

1
p⊥dp⊥dy

ICPAQGP Goa, India 

σNN
cc = f · dσNN

cc

dy
= f · Ncc

ND0
σpp

inel. · εtrig.

∫

p⊥

d2N

dp⊥dy
dp⊥

David Tlusty, NPI ASCR 



Track selecIon 
•  primary tracks  

•  0<flag<1000,    

•  nHitsFit>15,    
•  nHitsFit/nMax>0.52 

•  |dca| < 2 cm 

•  pT > 0.2 

•  |Eta| < 1 

•  remove tracks with  first  

or last point in TPC sectors  

5,6 and 20 for  FullField data 

•  Bemc or TOF match  

13 ICPAQGP Goa, India David Tlusty, NPI ASCR 



cos(θ*) < 0.8 
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In higher pT , jets are important contribuIon 
to combinatorial background.   
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