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Heavy	  Flavor	  Physics	  at	  RHIC

★Topics	  to	  Research
★properEes	  of	  the	  strongly-‐coupled	  system	  produced	  at	  RHIC
★weak	  or	  strong	  interacEons	  of	  heavy	  quarks	  with	  QCD	  ma^er
★detailed	  mechanism	  of	  heavy	  quark	  energy	  loss
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★Heavy	  Quarks	  c,	  b
★produced	  	  in	  iniEal	  hard	  processes
★probe	  the	  strongly	  interacEng	  Quark-‐Gluon	  Plasma	  
★modified	  spectrum:	  access	  to	  energy	  loss
★flow:	  sensiEve	  to	  dynamics,	  thermalizaEon
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Outline

★ open	  charm	  mesons

➡ p+p	  200	  and	  500	  GeV

➡ Au+Au	  200	  GeV

➡ U+U	  193	  GeV

★ non-‐photonic	  electrons	  (NPE)

➡ Au+Au	  39,	  62.4	  and	  200	  GeV

3

sQGP	  signatures	  and	  properEes	  using
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How	  to	  Measure	  Charm	  Quarks
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1. Open heavy flavor 

Open Charm Production 
– D*  Reconstruction - 
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Quark Matter 2014, Zhenyu Ye STAR: PRD 86, 072013 (2012) 

!  Heavy quarks c, b 
!  Produced in initial hard processes 
!  Probe the strongly interacting Quark–Gluon Plasma 
!  Modified spectrum: access parton energy loss 
!  Flow: sensitive to dynamics, thermalization 

!  Semi-leptonic decays 
!  Higher branching ratio, easy to trigger on 
!  Indirect access to kinematics,  

mixture of c and b contributions 

!  Hadronic reconstruction 
!  Direct access to kinematics 
!  Large combinatorial bg., difficult to trigger 

April 8, 2014 WWND

Heavy quarks

✓ c and b quarks are produced in initial hard scattering 

3

• Degree of medium thermalization – production and 
elliptic 4ow sensitive to dynamics of the medium

• Parton energy loss mechanism

• Cross-sections calculable 
within pQCD

• Unique probes of QGP 
properties 
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How	  to	  Measure	  Charm	  Quarks
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« Indirect	  measurements	  through	  semi-‐
leptonic	  decay	  (NPE)
can	  be	  triggered	  easily	  (high	  pT)

higher	  Branching	  RaEo
can’t	  reconstruct	  invariant	  mass
contribuEon	  from	  both	  charm	  and	  bo^om	  hadron	  
decays
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• Degree of medium thermalization – production and 
elliptic 4ow sensitive to dynamics of the medium

• Parton energy loss mechanism

• Cross-sections calculable 
within pQCD

• Unique probes of QGP 
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How	  to	  Measure	  Charm	  Quarks

«Direct	  reconstrucEon	  
can	  reconstruct	  invariant	  mass
STAR	  has	  ability	  to	  collect	  large	  
amount	  of	  data
smaller	  Branching	  RaEo	  
large	  combinatorial	  background	  	  
(unEl	  2014)
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« Indirect	  measurements	  through	  semi-‐
leptonic	  decay	  (NPE)
can	  be	  triggered	  easily	  (high	  pT)

higher	  Branching	  RaEo
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Daughter	  ParEcle	  IdenEficaEon

6

TOF	  provides	  clean	  sample	  of	  kaons	  with	  
momentum	  up	  to	  ∼1.6	  GeV/c

kaon	  -‐	  pion	  separaEon	  be^er	  by	  TPC	  than	  by	  TOF	  
for	  track	  with	  momentum	  above	  ∼2.5	  GeV/c
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TOF	  provides	  clean	  sample	  of	  kaons	  with	  
momentum	  up	  to	  ∼1.6	  GeV/c

kaon	  -‐	  pion	  separaEon	  be^er	  by	  TPC	  than	  by	  TOF	  
for	  track	  with	  momentum	  above	  ∼2.5	  GeV/c

electron/hadron	  separaEon	  with	  BEMC	  for	  p	  >	  2	  GeV/c
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Data Analysis

TPC by requiring |n�
e

| < 2.4, |n�
p

| > 2.2, and |n�
⇡

| > 2.5, and the E/p distribution

for tracks satisfying these constraints with 2 < p < 3 GeV/c is shown in Fig. 4.23

(circles). There is a significant amount of hadron contamination which populates the

low E/p. The electron E/p, which is approximately Gaussian with a mean of 1, can

be seen in excess of the hadron contamination. The E/p distribution from a pure

hadron sample (triangles) obtained by requiring |n�
e

| > 3 has been scaled using the

purity obtained from the n�
e

distributions, and replicates the hadron contamination

well. This illustrates the electron-hadron discrimination capabilities of the BEMC,

and hadrons in d+Au have been rejected by requiring E/p > 0.5.
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Figure 4.23: The E/p distribution for electron candidates (circles) and hadrons (tri-

angles) with 2 < p < 3 GeV/c in d+Au collisions.

To understand the shape of the E/p distribution for electrons, a high purity

sample of electrons has been obtained by applying more stringent requirements on

dE/dx. An electron sample with a purity of > 95% has been obtained in d+Au,

however this is only used to study the detector response to electrons as the statistics

98

E	  -‐	  energy	  of	  	  BEMC	  tower
p	  -‐	  momentum	  from	  TPC

Electron candidates by TPC
Other candidates by TPC

TPC: 
Tracking, 
PID (dE/dx) 
 
TOF: 
PID (1/β) 
 
VPD: 
MinBias trigger 
 
BEMC: 
High Tower 
trigger 
 

-1<η<1, 0<ϕ<2π 

STAR Experiment 
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E	  -‐	  energy	  of	  	  BEMC	  cluster
p	  -‐	  momentum	  	  from	  TPC

Photonic	  electron	  
candidates

Me+e� < 0.24 GeV/c2



David	  Tlusty ICNFP	  2014,	  Kolymvari

D0	  Meson	  ReconstrucEon
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4

ceptance with a good detector response pT > 0.2 GeV/c1

and |η| < 1 are required. Pions and kaons can be sepa-2

rated well by TOF up to pT = 1.6 GeV/c. To enhance3

the statistics, TOF information is used below 1.6 GeV/c,4

while elsewhere only TPC information is used. At low5

pT the kaon and pion candidates are identified by com-6

bining dE/dx with timing information with similar cuts7

on normalized dE/dx and particle velocity β as in the8

p+p analyses [23]. However, a tighter kaon identification9

is used to reduce combinatorial background, specifically10

dE/dx is required to be within ±2σ of the expected value11

from Bichsel function calculations [24].12

The invariant mass of kaon and pion pairs, MKπ,13

is constructed from all same-event pair combinations.14

Hence the invariant-mass distribution contains signals15

from real D0 decays as well as a large contribution from16

random combinatorial background. This background is17

higher in Au+Au than in p+p collisions due to the much18

larger multiplicities, especially for central collisions. To19

estimate the combinatorial background from random20

combinations, the mixed-event (ME) technique is de-21

ployed in which kaon and pion tracks from different22

events with similar characteristics are combined to form23

pair distributions. The MKπ distribution for 0−80% MB24

collisions in the range of 0 < pT < 8 GeV/c is shown25

as the solid circles in Fig. 1 (a). The red curve shows26

that the ME distribution reproduces the combinatorial27

background. The open circles represent the MKπ distri-28

bution after the ME background subtraction (scaled by29

a factor of 200 for visualization). A significant K*(892)30

peak is clearly seen at MKπ ∼890 MeV. The D0 signal31

around 1.86 GeV/c2 is also seen at this scale. In Figure 132

(b), solid circles show the same MKπ distribution after33

ME background subtraction as in panel (a) in the mass34

window indicated by the vertical dashed lines. A second35

order polynomial function is used to fit the remaining cor-36

related (residual) background and a Gaussian function is37

used for signal. The mass distribution after the residual38

background subtraction is shown as open circles in panel39

(b). The raw D0 yield is calculated from a combination40

of these functions, shown as the dashed curves, fit in the41

range of 1.73 < MKπ < 2.05 GeV/c2. The significance of42

the total D0 signal (Nsig), calculated as the ratio of the43

raw yield and the statistical uncertainty given from the44

fit, is 13.9, which allows the study of the D0’s centrality45

and pT dependence. The mean value of the Gaussian is46

1866 ± 1 MeV, which can be compared to the PDG value47

(1864.83 ± 0.14 MeV) [25]. The width (14 ± 1 MeV) is48

driven by the detector resolution and is consistent with49

previous measurements [23] and simulations. The mass50

is constrained to the PDG value for all centrality and pT51

bins in subsequent fits. Figures 1 (c)(d)(e) show theMKπ52

distributions for the 0−10% most central collisions at low53

pT, 0−0.7 GeV/c, intermediate pT, 1.1−1.6 GeV/c and54

high pT, 5.0−8.0 GeV/c, respectively. The significances55

of the three signals are 3.4, 6.3, and 3.6, respectively.56
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FIG. 1: (Color online) Panel (a): Invariant mass distribu-
tion at mid-rapidity (y < 1) for all the combinations of kaon
and pion candidates (solid circles). The ME technique repro-
duces the combinatorial background as shown by the curve.
The distribution after ME background subtraction is shown
as open circles. Panel (b): MKπ distribution for the 0−80%
MB data in the pT region of 0−8 GeV/c after ME back-
ground subtraction (solid circles) and after further residual
background subtraction (open circles). Panels (c)(d)(e) are
MKπ distributions for the 0−10% most central collisions in
three pT regions.

The averages of the raw yields from fitting and from57

bin-counting are used as the final D0 raw yields and the58

differences are included in the systematic uncertainties.59

The effects of double counting due to particle misidentifi-60

cation have been corrected using the method in Ref. [23].61

The raw signal is corrected for the detector acceptance62

and efficiencies, which are decomposed as the TPC track-63

ing efficiency, the TOF matching efficiency and the parti-64

cle identification efficiency. The run conditions were sim-65

ilar in 2010 and 2011. A slight difference of the detector66

performance is reflected in the single track efficiencies.67

We studied the efficiencies for both data sets and use the68

number of events analyzed in each of the two years as69

the weight to calculate the average efficiency. This is es-70

timated by first calculating the single pion and kaon track71

efficiencies via the STAR standard embedding procedure.72

A number of pions or kaons equal to 5% of the event’s73

multiplicity are simulated through the STAR detector74

geometry in GEANT and embedded into the real event,75

followed by the standard offline reconstruction. This is76

done separately for kaons too. The single track efficiency77

is calculated by comparing the reconstructed tracks with78

the MC input tracks. The track efficiency includes the79

net effect of tracking efficiency considering the track split-80
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
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0:147 GeV=c2).
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).
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In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).
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In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:
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dp3 ¼ 1
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& 1

BR
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pT!pT!y
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NMB
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where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
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dp3 ¼ 1
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& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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D0	  suppression	  in	  Au+Au
★ p+p	  baseline	  from	  Levy	  

fit	  to	  Run	  09	  data

★ strong	  suppression	  in	  
central	  collisions	  at	  	  	  	  	  	  	  	  	  	  	  	  
pT	  >	  2GeV/c

★ enhancement	  at	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  <	  pT	  <	  2	  GeV/c

11

★ Understanding	  from	  
models

★ The enhancement is predicted 
by models that include charm-
light quark coalescence

★ The suppression is consistent 
with strong charm-medium 
interaction

★ Cold Nuclear Matter effects 
might be important 

★ like	  the	  suppression	  of	  pions

arXiv:1404.6185
submi^ed	  to	  PRL
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D0	  in	  U+U	  collisions

12

U+U	  collisions	  reach	  ∼20%	  	  higher	  
Bjorken	  energy	  density	  than	  Au+Au
PRC	  84	  054907

Transverse	  momentum	  pT	  (GeV/c)
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D0	  in	  U+U	  collisions
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U+U	  collisions	  reach	  ∼20%	  	  higher	  
Bjorken	  energy	  density	  than	  Au+Au
PRC	  84	  054907

★ Trend	  in	  Au+Au	  conEnued	  in	  U+U
★ increasing	  suppression	  for	  pT	  >	  3	  

GeV/c	  with	  Npart
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Non-‐photonic	  Electrons	  (NPE)	  Measurements

13

:	  	  	  Yield	  of	  Non-‐photonic	  electrons

:	  	  	  Purity	  of	  inclusive	  electrons

:	  	  	  Yield	  of	  inclusive	  electrons

:	  	  	  Yield	  of	  the	  photonic	  electrons

:	  	  	  Efficiency	  of	  photonic	  electrons	  reconstrucEon

main	  sources	  of	  photonic	  electrons:
� ! e+ + e�
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Non-‐photonic	  Electrons	  (NPE)	  Measurements

13

:	  	  	  Yield	  of	  Non-‐photonic	  electrons

:	  	  	  Purity	  of	  inclusive	  electrons

:	  	  	  Yield	  of	  inclusive	  electrons

:	  	  	  Yield	  of	  the	  photonic	  electrons

:	  	  	  Efficiency	  of	  photonic	  electrons	  reconstrucEon

main	  sources	  of	  photonic	  electrons:
� ! e+ + e�

secondary	  contribuEons:	  ρ,	  ω,	  Φ	  Dalitz	  decays,	  Drell-‐Yan,	  Charmonia
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Non-photonic electrons in 200 GeV Au+Au  
Suppression 
!  Significant suppression of NPE in 

central collisions (pT>4 GeV/c) 
!  Similar to that of D0 and light 

hadrons 
!  Radiation energy loss alone not 

enough to explain suppression  
 
Anisotropy (v2) 
!  Substantial elliptic flow of NPE is 

seen in 200 GeV Au+Au collisions 

Note: it’s challenging for models to 
describe suppression and flow at the 
same time 

arXiv:1405.6348 
(Submitted to PLB) 

STAR  
preliminary 
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NPE	  in	  200	  GeV	  Au+Au	  collisions

14

★ Suppression
★ significant	  suppression	  of	  NPE	  in	  

central	  collisions	  at	  pT	  >	  4	  GeV/c

★ similar	  to	  that	  of	  D0	  and	  light	  hadrons
★ radiaEve	  energy	  loss	  alone	  not	  

enough	  to	  explain	  the	  suppression
➡ 	  consistency	  with	  SUBATECH	  
model	  for	  D0	  RAA

★ Anisotropy	  (v2)
★ SubstanEal	  ellipEc	  flow	  of	  NPE	  is	  seen	  

in	  200	  GeV	  Au+Au	  collisions
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Suppression 
!  No sign of suppression of NPE in 

62.4 GeV Au+Au collisions 
 
Note: pQCD-scaled p+p reference 

 
 

Anisotropy (v2) 
!  NPE in 39 and 62.4 GeV Au+Au 

collisions consistent with no flow 
(pT<1 GeV/c) 

Non-photonic electrons: 39, 62.4 GeV 
R

A
A 

STAR preliminary 

PRD 87 (2013) 9, 094022 

arXiv:1405.6348 
(Submitted to PLB) 
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NPE	  in	  39	  and	  62.4	  GeV	  Au+Au	  collisions

15

★ Suppression
★ no	  sign	  of	  suppression	  of	  NPE	  in	  62.4	  

GeV	  Au+Au	  collisions	  for	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  <	  pT	  <	  6	  GeV/c

★ note:	  pQCD-‐scaled	  p+p	  reference

★ Anisotropy	  (v2)
★ NPE	  in	  39	  and	  62.4	  GeV	  Au+Au	  

collisions	  consistent	  with	  no	  flow	  at	  	  	  	  
pT	  <	  1	  GeV/c

62.4	  GeV	  0-‐60%

Mustafa Mustafa - RHIC/AGS  2014 - BNL 13

Searching for the onset energy of strong charm-medium coupling :

- Enhancement at intermediate pT and no sign of  suppression compared to pQCD calculations and ISR measurements.

STAR preliminary STAR preliminary

STAR preliminary

62.4	  GeV	  0-‐60%
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Summary

16

★ Charm pair production x-section in p+p collisions is consistent with pQCD 
predictions 

★ Total D0 x-section follows Nbin scaling confirming that charm is produced 
in initial hard processes

★ D0 enhancement around 1.5 GeV/c suggests charm-light quark 
coalescence 	  	  	  	  	  	  	  	  	  	  	  

★ Strong suppression of D0 production above 3 GeV/c in central Au+Au 
collisions indicates strong charm-medium interaction	  	  	  

★ U+U measurements show similar suppression pattern to Au+Au

★ Non-photonic electrons in Au+Au at 62.4 GeV not suppressed and have 
elliptic flow  consistent with zero, contrary to 200 GeV
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Summary

16

★ Charm pair production x-section in p+p collisions is consistent with pQCD 
predictions 

★ Total D0 x-section follows Nbin scaling confirming that charm is produced 
in initial hard processes

★ D0 enhancement around 1.5 GeV/c suggests charm-light quark 
coalescence 	  	  	  	  	  	  	  	  	  	  	  

★ Strong suppression of D0 production above 3 GeV/c in central Au+Au 
collisions indicates strong charm-medium interaction	  	  	  

★ U+U measurements show similar suppression pattern to Au+Au

★ Non-photonic electrons in Au+Au at 62.4 GeV not suppressed and have 
elliptic flow  consistent with zero, contrary to 200 GeV

Stay	  tuned	  for	  new	  great	  results	  with	  HFT	  and	  MTD
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Heavy	  Flavor	  Tracker

SSD
IST
PXL

TPC

FGT

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

RCP:	  charm	  quark	  energy	  loss	  mechanism.
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Models	  For	  RAA
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Nuclear Modification Factor 

16 

TAM
U 

SUBT
ECH 

Torin
o 

Duke LAN
L 

HQ prod. LO FNOLL NLO LO LO 

QGP-Hydro. ideal ideal viscou
s 

viscous ideal 

HQ eLoss coll. coll.
+rad. 

coll
+rad. 

coll
+rad. 

diss.
+rad. 

Coalescence Yes Yes No Yes No 

Cronin effect Yes Yes No No Yes 

Shadowing No No Yes Yes/No Yes 

•  Large suppression at high pT points 
to strong charm-medium interaction; 

•  Enhancement at intermediate pT can 
be described by models with charm 
quark coalescence with light quarks; 

•  CNM effects could be important 

Submitted to PRL arXiv:1404.6185 Quark Matter 2014, STAR 

★ Understanding	  from	  models

★ The enhancement is predicted by 
models that include charm-light 
quark coalescence

★ The suppression is consistent with 
strong charm-medium interaction

★ Cold Nuclear Matter effects might 
be important 


