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Why	  to	  study	  heavy	  quarks	  
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★ Produced	  in	  ini1al	  hard	  partonic	  collisions	  
(described	  well	  by	  pQCD)	  =>	  	  	  	  	  	  	  	  	  	  	  	  should	  follow	  
number-‐of-‐binary-‐scaling

★ Heavy	  quark	  mass	  is	  believed	  to	  be	  external	  to	  QCD	  
(=>	  stay	  heavy	  even	  in	  QGP)

★ Reveal	  cri1cal	  features	  of	  the	  medium
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1.	  Mo1va1on



David	  Tlusty,	  NPI	  ASCR Quark	  MaCer	  2012,	  Washington	  D.C.

How	  to	  Measure	  Charm	  Quarks

4

3
.8
9
%

+

!
_

ll
_

D0

_

K "+

D0

c

c

9
.6
%

5
6
.5
%

K

1.	  Mo1va1on



David	  Tlusty,	  NPI	  ASCR Quark	  MaCer	  2012,	  Washington	  D.C.

How	  to	  Measure	  Charm	  Quarks

4

3
.8
9
%

+

!
_

ll
_

D0

_

K "+

D0

c

c

9
.6
%

5
6
.5
%

K

« Indirect	  measurements	  through	  semi-‐
leptonic	  decay

« can	  be	  triggered	  easily	  (high	  pT)

« higher	  B.R.
« indirect	  access	  to	  the	  heavy	  quark	  kinema1cs
« contribu1on	  from	  both	  charm	  and	  boCom	  hadron	  

decays
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How	  to	  Measure	  Charm	  Quarks

«Direct	  reconstruc1on	  
« direct	  access	  to	  heavy	  quark	  

kinema1cs
« difficult	  to	  trigger	  (high	  energy	  

trigger	  only	  for	  correla1on	  
measurements)

« smaller	  Branching	  Ra1o	  (B.R.)
« large	  combinatorial	  background	  	  

(need	  handle	  on	  decay	  vertex)
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D0 signals combining Run 10 & 11 
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D0	  in	  Au+Au	  200	  GeV	  (Run	  10	  &	  11)

7

S/√(S+B)	  ~	  14;	  Mass	  =	  1866	  ±	  1	  MeV/c2	  (PDG:	  1864.5	  ±	  0.4	  MeV/c2)
split	  into	  7	  pT	  and	  3	  centrality	  bins
fit	  by	  Lévy	  func1on

K*0

D0

3.	  D0	  and	  D*	  in	  Au+Au	  200	  GeV	  col.
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D0	  Au+Au	  200	  GeV	  Invariant	  Yield	  Spectra	  &	  RAA
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« Suppression	  at	  high	  pT	  in	  central	  
and	  mid-‐central	  collisions

« Enhancement	  at	  intermediate	  pT.	  

3.	  D0	  and	  D*	  in	  Au+Au	  200	  GeV	  col.

 (GeV/c)
T

p
0 2 4 6 8

-2
dy

) (
G

eV
/c

)
T

dp Tp/2
ev

N
/(N

2 d

-710

-410

-110

210 )/2, |y| < 10D+0Au+Au 200 GeV (D
0-80% y10
0-80% y10+y11

20]×0-10% [
5]×10-40% [

40-80% [/2]

2]×+D* [0p+p D
�binN�p+p Levy scaled by 

STAR Preliminary

 (GeV/c)
T

p
0 2 4 6 8

AA
 R0 D

0

0.5

1

1.5

2  + X @ 200 GeV y10+y110 DAAu+Au

STAR Preliminary

 
 
10-40%
 
 

 (GeV/c)
T

p
0 2 4 6 8

AA
 R0 D

0

0.5

1

1.5

2  + X @ 200 GeV y10+y110 DAAu+Au

STAR Preliminary

 
0-10%
 
 
 

« D0	  freeze	  out	  earlier	  than	  light	  
hadron	  and/or	  does	  not	  have	  much	  
radial	  flow	  as	  light	  quarks
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Charm	  cross	  sec1on	  follows	  number	  of	  
binary	  collisions	  scaling	  =>
Charm	  quark	  produced	  at	  early	  stage	  of	  
collisions.

3.	  D0	  and	  D*	  in	  Au+Au	  200	  GeV	  col.
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[1]	  FONLL:	  M.	  Cacciari,	  PRL	  95	  (2005)	  122001.
[2]	  NLO:	  	  R.	  Vogt,	  Eur.Phys.J.ST	  155	  (2008)	  213	  	  	  
[3]	  PHENIX	  e:	  A.	  Adare,	  et	  al.,	  PRL	  97	  (2006)	  252002.
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103.	  D0	  and	  D*	  in	  Au+Au	  200	  GeV	  col.

Charm	  flow:	  Daniel	  Kikola,	  poster	  216
J/ψ	  flow:	  Barbara	  Trzeciak,	  Parallel	  1D
NPE	  flow:	  Mustafa	  Mustafa,	  Parallel	  7A
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K2*(1430)K*0

D0

minimum	  bias	  L-‐1=1.53	  nb-‐1

4.	  D0	  and	  D*	  in	  p+p	  collisions
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Different	  methods	  reproduce	  
combinatorial	  background.

Consistent	  results	  from	  two	  
background	  methods.
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4.	  D0	  and	  D*	  in	  p+p	  collisions

STAR preliminary



d�cc̄

dy

����

p
s=500GeV

y=0

= 217± 86(stat.)± 73(sys.) µb
d�cc̄

dy

����
y=0

=
dNcc̄

dy

����
y=0

�pp(NSD)

 [GeV/c]
T

p
1 2 3 4 5 6 7 8

]
-2

dy
) [

m
b(

G
eV

/c
)

T
dp Tp/

)/(
2

cc
m2

(d

-510

-410

-310

-210
 = 500 GeV datas
 = 500 GeV power-law fits

2=1.5 GeV/ccFONLL; m
2=1.27 GeV/ccFONLL; m

2=1.5 GeV/c
c

FONLL uncertainty; m
2=1.27 GeV/c

c
FONLL uncertainty; m

 [GeV/c]
T

p
1 2 3 4 5 6 7 8

]
-2

dy
) [

m
b(

G
eV

/c
)

T
dp Tp/

)/(
2

cc
m2

(d

-510

-410

-310

-210

David	  Tlusty,	  NPI	  ASCR Quark	  MaCer	  2012,	  Washington	  D.C.

D0	  and	  D*	  pT	  Spectra	  in	  p+p	  500	  GeV	  

12

PowerLaw = 4
d�cc̄

dy

(n � 1)(n � 2)
⇥pT ⇤2(n � 3)2

�
1 +

2pT

⇥pT ⇤(n � 3)

⇥�n

4.	  D0	  and	  D*	  in	  p+p	  collisions
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4.	  D0	  and	  D*	  in	  p+p	  collisions
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500 GeV, F = 5.6

200 GeV, F = 4.7

�cc̄ = 1215
± 482(stat.)
± 409(sys.) µb

5.	  Summary
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★ D0 and D* are measured in p+p 200 GeV up to 6 GeV/c  and in p+p 500 
GeV up to 6 GeV/c   

➡       consistent with FONLL upper limit.    

★ D0 are measured in Au+Au 200 GeV up to 6 GeV/c for 3 centrality bins.

➡ Charm cross sections at mid-rapidity follow number of           
binary collisions scaling 	  

➡ Strong suppression above 2.2 GeV/c in central collisions, consistent 
with resonance recombination model 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

★ D0  observation might indicate non-zero v2, consistency with quark 
coalescence models

★ Further improvement with Heavy Flavor Tracker 

d2�cc/pT dpT dy

5.	  Summary
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Heavy	  Flavor	  Tracker

SSD
IST
PXL

TPC

FGT

STAR	  Heavy	  Flavor	  Tracker	  Project.
ü	  Reconstruct	  secondary	  vertex.
ü	  Drama1cally	  improve	  the	  precision	  of	  measurements.
ü	  Address	  physics	  related	  to	  heavy	  flavor.	  
v2	  	  :	  thermaliza1on

RCP:	  charm	  quark	  energy	  loss	  mechanism.
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Systema1c	  error	  study
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Pile-‐up	  removal
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Pile-up pions fraction

pp2pp stream data

Pions with TOF or BEMC matching

matching efficiency
•	  pp	  collisions	  peak	  luminosity	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Lpeak	  =	  5*1031	  cm-‐2s-‐1	  in	  year	  2009.	  
•	  EventRate	  =	  Lpeak*σNSD(30	  mb)	  =	  1.5	  MHz	  
•	  TPC	  readout	  ~	  80	  µs	  =>	  TPC	  sees	  tracks	  from	  
120	  collisions.	  Pile-‐ups	  are	  removed	  by

•	  |VpdVz	  -‐	  TpcVz|	  <	  6cm	  cut
•	  TPC	  PPV	  reconstruc1on	  algorithm
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