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Heavy quarks produced in hard scatterings at 
the early stage of collisions experience the 
entire evolution of the QGP matter 
 
Ø  Excellent probes of QGP properties 

Motivation 
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A new state of hot, dense QCD matter 
(Quark-Gluon Plasma) is created in high 
energy heavy-ion collisions 
 
Its properties can be studied through 
interactions of energetic partons with the 
medium 

D0	
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In A+A collisions 
 
•  Study medium-induced modifications to charm 

fragmentation 
•  Provide insight into the energy loss mechanism  
     for charm quarks inside the medium  

 
In p+p collisions  
 
•  Test perturbative QCD calculations 
•  Reference measurements for p+A and A+A collisions 

Study of D-hadron angular correlation 
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Nu Xu 8/10  ”3rd CCNU Pixel-Lab Meeting“, CCNU, Wuhan, Dec. 20 – 21, 2012 

Heavy Quark Correlations 

D-D 

X. Zhu, NX, Pengfei Zhuang,  PRL 100, 152301 (2008) 

•  Heavy quark correlation – probe to quantify the medium properties    
•  Unique at RHIC – clean production kinematics for physics interpretation in HIC 

•  Heavy quark correlation – sensitive probe to the medium thermalization 
•  Potential for distinguishing different energy loss mechanisms in the medium 
•  Clean probe at RHIC energies – much smaller feed-down contribution and  

background	
  from	
  uncorrelated	
  	
  D	
  and	
  D pairs compared to LHC energies 

Study of D-D angular correlation 

X.Zhu, N. Xu, P.F Zhuang, PRL 100 (2008) ,152301 
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Experimental setup – the STAR detector 
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Detectors	
  highlighted	
  in	
  the	
  red	
  dashed	
  box	
  are	
  used	
  in	
  
this	
  analysis	
  



D meson reconstruction in p+p collisions 
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ü  Foreground-­‐	
  and	
  background-­‐	
  triggered	
  correlaBons	
  show	
  similar	
  shapes	
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Raw	
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  azimuthal	
  correlaBon 

Updates(on(D*(triggered(azimuthal(correla6on(
study(in(p+p(collisions(at(500(GeV(

Long Ma 
 

Shanghai Institute of Applied Physics 
Lawrence Berkeley National Laboratory  

 

STAR(Collabora6on(Mee6ng(Jan(25F30,(2016(BNL(,(NY!

STAR	
  Preliminary	
  

Hard Probes 2016 

p+p @ 500 GeV 

Csignal (Δϕ, |η |<1.0) =C(Δϕ, |η |<1.0)right−sign −
BGright−sign

BGside−band

C(Δϕ, |η |<1.0)side−band



 
Ø  Comparison of D*-hadron and di-hadron correlations 
CompaBble	
  within	
  uncertainBes	
  between	
  D*-­‐hadron	
  and	
  di-­‐hadron	
  azimuthal	
  correlaBons	
  	
  
 
 	
  
	
  

STAR	
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   STAR	
  Preliminary	
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D*-hadron azimuthal correlation in 500 GeV p+p collisions 

5.0<	
  pTTrig	
  (D*)	
  <8.0	
  GeV/c	
   8.0<	
  pTTrig	
  (D*)	
  <20.0	
  GeV/c	
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Ø  Comparison of D*-hadron and di-hadron correlations 
CompaBble	
  within	
  uncertainBes	
  between	
  D*-­‐hadron	
  and	
  di-­‐hadron	
  azimuthal	
  correlaBons	
  	
  
 
 	
  
	
  

Ø  Comparison of data and PYTHIA simulation 
PYTHIA	
  well	
  reproduces	
  di-­‐hadron	
  correlaBons	
  	
  
PYTHIA	
  well	
  describes	
  D*-­‐hadron	
  correlaBon	
  at	
  high	
  pT	
  	
  8<	
  pTTrig(D*)	
  <20	
  GeV/c	
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  Preliminary	
   STAR	
  Preliminary	
  

10 Long Ma 

Updates(on(D*(triggered(azimuthal(correla6on(
study(in(p+p(collisions(at(500(GeV(

Long Ma 
 

Shanghai Institute of Applied Physics 
Lawrence Berkeley National Laboratory  

 

STAR(Collabora6on(Mee6ng(Jan(25F30,(2016(BNL(,(NY!

D*-hadron azimuthal correlation in 500 GeV p+p collisions 

Hard Probes 2016 



Feed-down contribution from b-quark decay (PYTHIA 8.1 simulation) :	
  
	
  

The feed-down contribution (PYTHIA study) 

11 Long Ma 

Updates(on(D*(triggered(azimuthal(correla6on(
study(in(p+p(collisions(at(500(GeV(

Long Ma 
 

Shanghai Institute of Applied Physics 
Lawrence Berkeley National Laboratory  

 

STAR(Collabora6on(Mee6ng(Jan(25F30,(2016(BNL(,(NY!

p+p	
  500GeV	
  

B-­‐>D*	
  /	
  Inclusive	
  D*	
   5-­‐8	
  (GeV/c)	
   8-­‐20	
  (GeV/c)	
  

p+p	
  @	
  500	
  GeV	
   ~0.04	
   ~0.05	
  

Hard Probes 2016 

Feed-down contribution from b-quark decay (PYTHIA 8.1 simulation) :#
#

The feed-down contribution (PYTHIA study) 
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CHAPTER 4. D-hadron correlation analysis

4.4.4 Subtraction of feed-down contribution

The correlation distributions are composed of correlations between charged tracks
and both prompt and feed-down D0 mesons (the latter from the decay of beauty
hadrons) with charged tracks. It was hence necessary to remove the feed-down
contribution from them. The subtraction was performed after projecting the distri-
butions on the �' axis and merging the distributions from the seven fine pT ranges
in to the three pT intervals used for the D0-hadron correlations. It was based on the
following equation:

Cprompt(�') =
1

fprompt

h
p · Cinclusive(�')� (1� fprompt)C

MCtempl
feed�down(�')

i
, (4.2)

where, for each pT interval, Cinclusive(�') and Cprompt(�') are the azimuthal correla-
tion distributions before and after the feed-down subtraction, normalized to the num-
ber of trigger particles, fprompt is the fraction of prompt D0 mesons, CMCtempl

feed�down(�')
is a template of the azimuthal correlation distribution of the feed-down component
and p is the purity of the associated track sample, i.e. the fraction of primary tracks
correlated with the D0 trigger particles (cf. Section 4.4.5).

The fprompt fraction was estimated based on the FONLL calculations and using
the reconstruction e�ciency of prompt and feed-down D mesons, as described in
Section 3.2 for the D meson reconstruction analysis [26]. Typical values of fprompt

range from 80% to 95%, with a decreasing trend with the D0 pT.
The feed-down correlation template was obtained from Monte Carlo simulations

of minimum-bias events. The simulations were performed using the PYTHIA event
generator with di↵erent tunes, in particular the Perugia sets [122]. Varying the
tuning of PYTHIA parameters mostly a↵ects the process of parton fragmentation
into hadrons, possibly influencing the shape of the correlation distribution.

Figure 4.10 shows the comparison of the correlation distributions of feed-down
D0 mesons with charged tracks, from the simulations obtained with three di↵erent
Perugia tunes, namely Perugia0, Perugia2010 and Perugia2011, in the transverse
momentum range 8 < pT(D0)< 16 GeV/c. A fit function composed of two Gaussians
and a constant term is superimposed to the simulation results. Some di↵erences are
present between the distributions, mainly a↵ecting the level of the baseline and
the width of the away side peak, while the shape of the near side peak does not
significantly vary among the di↵erent tunes.

To remove the e↵ect of the baseline mismatch among the di↵erent Monte Carlo
tunes and between the Monte Carlo tunes and the data distributions, the templates
were shifted to match the baseline value of data. The data baseline was extracted
from a fit to the data distributions. Shifting the templates is not expected to in-
fluence the correction, since the prompt and feed-down correlation distributions
primarily di↵er in the shapes of the near and away side peaks. The baseline level,
instead, depends mainly on the underlying event and is very similar between the
two cases (cf. for example the red and green points of Fig. 4.27 in Section 4.6).
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Simulation study of D-D correlation  
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Experimental study of charm correlation in p+p collisions at 500GeV 
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ü  Side-­‐band	
  method	
  shows	
  good	
  performance	
  down	
  to	
  low	
  S/B	
  

ΔP	
  

Reconstructed signal  
- Reconstructed  D0-D0(bar) correlation  
Traced signal  
- Real D0-D0(bar) correlation 

TAbs
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1

Ndof

k∑
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(ui − vi)2

σ2
ui

+ σ2
vi

, TShape
ref =

1

Ndof

k∑
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( ui
Ut

− vi
Vt
)2

1
U2
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σ2
ui

+ 1
V 2
t
σ2
vi

(7)

We also propose the following estimator with the same ui and vi definitions. Statistical
estimator TAbs

ref and TShape
ref are defined to evaluate absolute deviation and shape deviation based

on algorithm 7. Here, Ut and Vt in equation. 7 are the sum up of all the data points of two
comparison samples defined as: Ut =

∑k
i=1 ui and Vt =

∑k
i=1 vi respectively. Ndof is the

number of degrees of freedom. The results as a function of S/B ratio are shown in Figure 6.
In comparison, correlation measurements with side-band method shows better performance than
like-sign method.
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Figure 5. (color online). The summary plots of the goodness of fit calculated with like-sign
method (left) and side-band method (right) in PYTHIA simulation. The estimator is shown as
a function of the signal over background ratio (S/B). Solid line and dashed line show ∆P and
∆E respectively.
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Figure 6. (color online). The goodness of fit of the measured correlations to the real
correlations. The estimator is shown as a function of the signal over background ratio (S/B).
Blue squares and red circles show like-sign and side-band results respectively. Left plot shows
the comparison of the absolute deviation and right plot shows relative deviation in shape with
bin contents normalized.

results from the SB method are shown in Fig. 4. As we can see, reconstructed correlations
using the LS method are different from the real D0-D0 signal from PYTHIA. Particularly,
the reconstruction correlations start to show an enhanced structure in the near side region
when the signal-to-background ratio is getting smaller. While reconstructed correlations using
the SB method can reproduce the real D0-D0 signal reasonably well in these kinematic and
signal-to-background ratio regions. from reconstruction shows similar deviation from the real
correlations under different signal-background ratio (S/B). It is also found that the goodness of
the agreement to the real correlation function is not quite sensitive to the transverse momentum
cut. It depends more on the signal-to-background ratios of the D0 candidates.
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1
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)real (5)
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To better illustrate the performance of these two background methods in measuring the
angular correlations of the D− D̄ pairs, we define below two variables to quantify the goodness
of fit for the reconstructed correlation signals with respect to the real D0 − D̄0 correlations
from PYTHIA. ∆P and ∆E are defined in the form of Equation. 6 to describe the relative
difference of the data points and data statistical errors. Here in Equation 5, ui and vi are
values of the number i data points of reconstructed and real correlation signals in each ∆φ
bin. N is total number of data points in each correlation signal assuming the same binning for
both histograms. Fig. 5 shows the corresponding results from like-sign method and side-band
methods respectively. As we can see, ∆P in like-sign results shows a large deviation from ∆E
when S/B ratio goes down indicating that like-sign method fails to reproduced real correlation
at relatively low S/B ratios. While the side-band method shows a good performance throughout
the whole S/B ratio region we investigated here. The increase of both ∆P and ∆E at low S/B
region is because of the reducing statistics.
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Figure 4. (color online). The D0− D̄0 correlation as a function of relative azimuthal angle ∆φ
in p+p collisions at

√
sNN = 500 GeV calculated with like-sign method (left plot) and side-band

method(right plot) based on Equation. 3 in PYTHIA simulation. The transverse momentum
depedence is shown with pT cuts applied on triggered and associated D mesons. Plots (a)-(d)
show correlations of reconstructed D0 mesons under different s/b ratios in comparison with
correlations of real produced D0 − D̄0 pairs in PYTHIA.

Exp. S/B ratio 
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PYTHIA 8.1 p+p 500GeV	
  

Consistency check -  
Relative differences of central values and 
combined statistical errors 
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D*- D* azimuthal correlation in 500 GeV p+p collisions 
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D0 Meson Reconstruction�


�Quark Matter 2015, Kobe, Japan�Guannan Xie�

Direct topological reconstruction 
through hadronic channel:  

With HFT: 
Greatly reduced combinatorial 
background 

D0 w/o HFT with HFT 

Year 2010 + 2011 2014 

# Events (MB) analyzed 1.1 B 780M 

Significance per billion 
events 

13 51 

D0 (D0 )→ K ∓π ±(BR 3.89%)
cτ ≈120µm

TopologicL cuts optimized by TMVA 
(Toolkit for Multi Variate Analysis) 

D-meson triggered correlation study in	
  Au+Au	
  collisions	
  by HFT 

Year 2014 2014+2016 

Events 
(AuAu MB) 1.2 B >3 B 

Significance /
billion events 51 >100 
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Ø  First measurement of D*- hadron azimuthal correlations in p+p collisions 
at center-of-mass energy of 500 GeV  

 
•  PYTHIA simulation describes D*-h correlations at high pT (8-20 GeV/c)  
•  Results are compatible within uncertainties between D*- hadron and di- 

hadron correlations for pT (5-20 GeV/c) 
 
Ø  First measurement of D*- D*(bar) correlations in 500 GeV p+p collisions 

•  Results are consistent with PYTHIA predictions within large uncertainties 
 
Ø High statistics data taken with STAR Heavy Flavor Tracker will allow the 

measurements of D-hadron and D-D(bar) correlations in  Au+Au 
collisions in the future 

Summary and outlook 
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Back-­‐ups:	
  Acceptance	
  CorrecBon	
  



RS(D) - RS(Anti-D) correlation of foreground at peak region 	
  
	
  

Back-­‐ups:	
  	
  D-­‐D(bar)	
  correlaBon	
  QA	
  	
  



Efficiency	
  CorrecBon 

STAR	
  preliminary	
  

STAR	
  preliminary	
  

1)  Associated charged hadrons are required to match 
fast detectors (TOF or BEMC) to reduce pile-up effect 

 
2)  Pion from D* decay is required to match the tower 

that fires the BEMC trigger to correct for trigger bias 
 
3)  Tracking efficiency is derived from identified particles 

spectra and their efficiencies 

Back-­‐ups:	
  	
  



WS(K + +π + )

WS(K − +π − )

WS(K + +π + )

WS(K − +π − )

Signal(D)•Signal(D)
= RS(D)•RS(D)−WS(D)•RS(D)
−WS(D)•RS(D)+WS(D)•WS(D)

WS(D) = WS(++)WS(−−)

WS(D) = WS(++)WS(−−)

Cross	
  term	
  correlaBons	
  

Back-­‐ups:	
  	
  Wrong-­‐sign	
  correlaBon	
  QA	
  	
  


