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D-meson-triggered azimuthal correlations in p+p 
collisions at center-of-mass energy of 500GeV 

Long Ma (Shanghai Institute of Applied Physics/Lawrence Berkeley National Lab), for the STAR Collaboration!

 

Abstract 

Heavy quarks are mostly produced through initial hard scatterings at RHIC energies and they carry clean information of sQGP medium dynamics. Heavy flavor triggered correlation offers a unique 
insight into early interaction dynamics. Investigations of heavy quark production and correlation mechanisms in proton-proton collisions are of great importance and interest as a perturbative QCD 
(pQCD) test and baseline measurement for heavy-ion collisions. This poster reports the new STAR measurements of heavy flavor triggered correlations in p+p collisions at center-of-mass energy of 
500 GeV using D mesons. Azimuthal angular correlation distributions between trigger D mesons and associated charged hadrons (D-h) as well as anti-D mesons(D-Dbar) are measured in p+p 
collisions at center-of-mass energy of 500 GeV for the first time. These results are compared with pQCD calculations to improve the understanding of charm quark production in elementary hadron 
collisions.  

 

The STAR Collaboration:  http://drupal.star.bnl.gov/STAR/presentations 
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4

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

1

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

2

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

3

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

4

while elsewhere only TPC information is used. At low

5

pT the kaon and pion candidates are identified by com-

6

bining dE/dx with timing information with similar cuts

7

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

8

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

9

is used to reduce combinatorial background, specifically

10

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

11

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 signals

15

from real D0 decays as well as a large contribution from

16

random combinatorial background. This background is

17

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

18

larger multiplicities, especially for central collisions. To

19

estimate the combinatorial background from random

20

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

21

ployed in which kaon and pion tracks from different

22

events with similar characteristics are combined to form

23

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

24

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

25

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

26

that the ME distribution reproduces the combinatorial

27

background. The open circles represent the MKπ distri-

28

bution after the ME background subtraction (scaled by

29

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

30

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

31

around 1.86 GeV/c2 is also seen at this scale. In Figure 1

32

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

33

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

34

window indicated by the vertical dashed lines. A second

35

order polynomial function is used to fit the remaining cor-

36

related (residual) background and a Gaussian function is

37

used for signal. The mass distribution after the residual

38

background subtraction is shown as open circles in panel

39

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

40

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

41

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

42

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

43

raw yield and the statistical uncertainty given from the

44

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

45

and pT dependence. The mean value of the Gaussian is

46

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

47

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

48

driven by the detector resolution and is consistent with

49

previous measurements [23] and simulations. The mass

50

is constrained to the PDG value for all centrality and pT

51

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

52

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

53

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

54

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

55

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): M
Kπ 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

M
Kπ distributions for the 0−10% most central collisions in

three pT regions.

The averages of the raw yields from fitting and from

57

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

58

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 acceptance

62

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 detector

66

performance is reflected in the single track efficiencies.

67

We studied the efficiencies for both data sets and use the

68

number of events analyzed in each of the two years as

69

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

70

timated by first calculating the single pion and kaon track

71

efficiencies via the STAR standard embedding procedure.

72

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

73

multiplicity are simulated through the STAR detector

74

geometry in GEANT and embedded into the real event,

75

followed by the standard offline reconstruction. This is

76

done separately for kaons too. The single track efficiency

77

is calculated by comparing the reconstructed tracks with

78

the MC input tracks. The track efficiency includes the

79

net effect of tracking efficiency considering the track split-

80
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TOF PID 

TPC PID 

•  Dataset - RHIC Run11 p+p 500 GeV ~160 million EMC-triggered events => ∫Ldt~22pb-1  
•  Detectors highlighted in red dotted box are used in this analysis 

Experimental Setup 

Signal(D*)•Signal(D*)
= RS(D*)•RS(D*)− SB(D*)•RS(D*)
−SB(D*)•RS(D*)+ SB(D*)•SB(D*)

➡ Comparison with di-hadron correlation to investigate 
heavy/light flavor jet fragmentations in p+p interactions 

➡ Important tests of pQCD predictions (constraints on 
theoretical calculations)  and baseline measurement for 
heavy ion collisions 

Heavy flavor azimuthal correlations in heavy-ion collisions 
 
➡ Heavy quarks are pre-dominantly produced via hard 
scatterings in the initial phase of the collision 
➡ They experience the full evolution of the system, losing         
energy while interacting with the medium 
➡ Energy loss via gluon radiation predicted to be different for 
gluons, light  quarks and heavy quarks:  
ΔEg> ΔE(u,d,s) > ΔEc >ΔEb  

STAR Detector 

Decay Channel Branching Ratio 

~3.89% 
~67.7% 

D0− > K −π +

D*+− > D0 +π +

D-meson reconstruction via hadronic decay channels 

ü  Triggered D* meson candidates are correlated with charged 
tracks produced in the same event (decay daughters excluded) 

ü  K-π pairs within red region are selected as right sign 
and blue regions are selected as side band D0 -
mesons for D* signal and background reconstruction 

D*-hadron Azimuthal Correlations 

ü  Azimuthal correlation due to side-band background under the 
D*-meson signal peak (3σ) is  subtracted from total correlations 

Measurement of D-D correlation in p+p at 500 GeV 

Efficiency correction and Pile-up control 

Systematic Uncertainties (main sources)  
Ø  D-meson yield uncertainty and uncertainties from 

background subtraction 
Ø  Tracking/Trigger efficiency uncertainties  

Ø  First measurement of D*-hadron correlation in p+p collisions at 500 GeV  
Ø  Comparison with hadron-hadron correlation and D-hadron correlation results obtained from PYTHIA simulation 

study (version 8.0). 

                            Phys. Rev. Lett. 111.102301(2013) 
                            Phys. Rev. Lett. 100.152301(2008) 
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!
Azimuthal correlations in three intervals of D meson pT (3-5, 5-8, 8-16 GeV/c) 
Fit function 

!
!
!
!

Scale uncertainty (10-15%) due to the D meson signal extraction

D-hadron azimuthal correlation in pp

NEW

NEW

 pp @√s = 7 TeV

Heavy flavor triggered correlations in p+p collision 

References 

Analysis Method 

Measurement of D*-h correlation in p+p at 500 GeV 

Ø  Near Side / Away side yield extracted in comparison with di-hadron correlations (baseline included) 

BBC Rate (x1000)
0 500 1000 1500 2000 2500 3000 3500 4000

Me
an

 H
ad

ron
 M

ult
ipl

icit
y

2
4
6
8

10
12
14
16
18
20
22
24

No fast matching
TOF/BEMC matching
TOF+BEMC matching (x5) 

9.2e-7±Slope=-8.7e-4

10e-7±Slope=-4.5e-4

hplus

Entries  99

Mean    1.378

RMS    0.6818

 (GeV/c)
T

p
0.5 1 1.5 2 2.5

H
ad

ro
n 

Ef
fic

ie
nc

y

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1 hplus

Entries  99

Mean    1.378

RMS    0.6818

hplus

Positive Charge

Negative Charge

total
Entries  21321

Mean    5.262

RMS     2.816

 (GeV/c)
T

p
0 1 2 3 4 5 6 7 8 9 10

Fa
st

 M
at

ch
in

g 
Ef

fic
ie

nc
y

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

total
Entries  21321

Mean    5.262

RMS     2.816

total

ü  First measurement of D-hadron azimuthal correlations in p+p collisions at center of mass energy of 500 GeV 
with the STAR detector is reported. 

ü  Results of  D*-hadron correlation at 8 < pT D* < 20 GeV/c are in agreement with PYTHIA results within 
statistical and systematic uncertainties. PYTHIA underestimate associated yield on both near and away side 
at 5 < pT D* < 8GeV/c. 

ü  D*-hadron correlation shows similar trend as di-hadron correlation in the same triggered pT region. Away 
side associated yield of D*-hadron is comparable with di-hadron correlation.   

ü  D-D(bar) correlation is firstly measured in p+p collisions at 500 GeV. Correlation signal is low in significance 
due to lack of statistics and results are consistent with PYTHIA within large statistical uncertainties. 

ü  Future data with improved D-meson S/B ratio from STAR Heavy Flavor Tracker will be prospective for the 
measurements of D-hadron correlation and D-D correlation in Au+Au collisions 

Hadron Tracking Efficiency 

Fast Matching Efficiency 

ü  Hadron tracking efficiency is 
convoluted with identified particle 
spectra and efficiencies 

ü  Fast detector(TOF or EMC) matching 
is required for charged hadrons to 
suppress TPC pile-up effect 

ü  Pion from D* decay is required to be 
the HT triggering particle 

ü  Trigger inefficiency has been corrected 
to get rid of trigger bias 

Ø  Fitting Function: 

SB(D*) - D* background reconstructed with side-band D0  
RS(D*) - D* candidates within peak region  

Correlation Method 

Summary and Outlook  
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Signal cuts for correlation study  
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