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Physics Motivation
• Quark-Gluon Plasma (QGP) is 

created in ultrarelativistic 
heavy-ion collisions

• Heavy quarks serve as a probe of 
the QGP

• We study interactions of heavy 
quarks with the medium:

•  energy loss
•  collective flow
•  hadronization
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STAR Experiment
• Located at Brookhaven National Laboratory, USA

• TPC - Time Projection Chamber
• tracking
• particle identification via energy loss (dE/dx)

• TOF - Time-of-Flight detector
• particle identification via flight time (1/β)
• extend particle identification at p > 1 GeV/c
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STAR Experiment
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NIM A907,60-80(2018).

• Located at Brookhaven National Laboratory, USA

• TPC - Time Projection Chamber
• tracking
• particle identification via energy loss (dE/dx)

• TOF - Time-of-Flight detector
• particle identification via flight time (1/β)
• extend particle identification at p > 1 GeV/c

• HFT - Heavy Flavor Tracker
• 2 layers of silicon pixel and 2 layers of strip detectors 
    (one not used in 2014)
• operating in 2014-2016
• excellent spatial resolution (σ~ 46 µm for 
    750 MeV/c kaons)
• topological reconstruction of open-charm hadrons 
    eg. Λc, D±, D0, Ds



Analysis Method
• D± : m = 1870 GeV/c2 , cτ= 312 ±2 µm

• D± -> K∓ π±π± BR: (8.98±0.28) %

• Wrong-sign Kππ combinations used for background estimation

• PID using TPC and TOF (when available)

• Topological variables for Kππ candidates
• DCA of K and π to the primary vertex
• D± decay length λ (distance between PV and SV)
• Pointing angle (θ )
• Maximum distance of pair vertices (Δmax)
• DCA of Kπ and ππ pairs (DCA12, DCA23, DCA13)
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Selection Criteria
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Raw Yield Extraction
• Estimate background from wrong-signs

• Scale background by (# of correct-signs)/(# of wrong-signs) outside 3σof signal peak

• Subtract background
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Raw Yield Extraction
• Estimate background from wrong-signs

• Scale background by (# of correct-signs)/(# of wrong-signs) outside 3σof signal peak

• Subtract background

• Obtain the raw yield using bin counting method

    and calculate signal significance

• The D± signal significance varies between 3.1

    and 12.1 for 1 < pT < 7 GeV/c in 0-10% central events
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Recent HFT Results
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• ~1.0 B Au+Au events at √sNN  = 200 GeV with HFT  
from 2016 analyzed (see Jan Vanek's talk)

• Significant suppression in central Au+Au collisions at 
high pT - interaction of charm quarks with the 
medium

• Suppression consistent with D0

• ~900 M min-bias Au+Au events at √sNN  = 200 GeV 
with HFT from year 2014 available



TMVA Improvement
•we use Boosted Decision Trees (BDT) to improve the signal 

significance
•training signal sample from FastSim (8.37 M), 
•background from data - wrong-signs (8.41 M)
• variables used for optimization: 

•   DCAK, DCAπ, DCApair

•   cosθ, λ

•850 trees with depth 3 (standard settings) - boosting
•dependence on variables boiled down to 1 number - BDT response 
  (-1 = pure background, 1 = pure signal in ideal case)
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Topological Variable Distributions
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Comparison: Straight Cuts vs. TMVA BDT

12/4/2018 13

• No peak in wrong-signs

• Largest improvement of 
significance for the lowest 
pT bin - factor of 4.2



Signal Significance: Straight Cuts vs. TMVA:BDT
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Straight cuts BDT

Sig. ratio
pT  

[GeV/c]
Yield [-] Sig. [-] Yield [-] Sig. [-]

2.0 - 2.5 431±92 5 956 ± 48 20 4.2

2.5 - 3.0 630±50 13 1237 ± 79 16 1.3

3.0 - 3.5 433±32 14 533 ± 31 17 1.3

3.5 - 4.0 259±21 13 468 ± 28 17 1.3

4.0 - 4.5 153±15 10 264 ± 19 14 1.4

4.5 - 5.0 77±10 8 110 ± 13 9 1.2

• STAR 2014 Au+Au at √sNN = 200 GeV, 0-10 % most central collisions (103.0 M events) 



Summary and Outlook

•HFT allows D± reconstruction in Au+Au collisions at √sNN = 200 GeV

•D± is suppressed in central Au+Au collisions
• Suppression of D± is consistent with D0 results
• Strong interaction between charm quarks and the QGP

•Measurement of D± production using TMVA:BDT method is in progress
• We observe significant improvement in low pT region
• Effort being made to extend the measurement range to below 2 GeV/c
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BACKUP
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BDT Overtraining Check
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• we want to avoid overtraining on 
statistical fluctuations

goodovertrained

for  2.5 < pT < 3.0 GeV/c, 0-10 %



BDT Significance Scan
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