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Physics Motivation
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STAR Experiment

e [.ocated at Brookhaven National Laboratory, USA
e TPC — Time Projection Chamber

e tracking

 particle identification via energy loss (dE/dx)
e TOF — Time—of—Flight detector

* particle identification via flight time (1/B)
e ecxtend particle identification at p > 1 GeV/c

Time Projection Chamber Time Of Flight
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STAR Experiment

e [.ocated at Brookhaven National Laboratory, USA
e TPC — Time Projection Chamber

e tracking
* particle identification via energy loss (dE/dx) 140 -.o'l'l .................. ' _______________ i
. . L e ]
* TOF — Time—of-Flight detector 120l .O: __________ "p+p
e particle identification via flight time (1/8) oom oK
Lo T ® 7T e
e extend particle identification at p > 1 GeV/c 100_ =1 e

e HHET — Heavy Flavor Tracker
e 2 layers of silicon pixel and 2 layers of strip detectors
(one not used in 2014)
* operating in 2014-2016
e excellent spatial resolution ( o ~ 46 pm for

750 MeV/c kaons) ‘ | | |
e topological reconstruction of open—charm hadrons OT t I(I)\-IIS : 1(-3 v ;2
otal Momentum p (GeV/c
+ )0
eg. Ao D= DD, NIM A907,60-80(2018).
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Analysis Method

e D*:m=1870 GeV/¢, cTt=312 =2 um
e D* >KF¥qw*q*® BR: (8.98 £ 0.28) %
 Wrong—sign K 7 combinations used for background estimation

e PID using TPC and TOF (when available)

 Topological variables for K 71 7 candidates

e DCA of K and 7 to the primary vertex

e D* decay length A (distance between PV and SV)

e Pointing angle ( 6 )

e Maximum distance of pair vertices (4 ,.,,)

e DCA of Ko and 7 7 pairs (DCA,,, DCAys, DCA;5)
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Selection Criteria

track 1

Type Cut Value(s)
; Primary vertex (PV) position V.| <6 cm
e, pelention Difference of PV position(s fr(zm TPC and VPD | |V, —‘ K0 < 3 i
TPC Hits Ntpc > 20
Track Selection L) Hl_tS. 2 P and bl
Pseudorapidity In| <1
Daughter transverse momentum pr > 0.5 GeV/c
TPC energy loss - pions n%| < 3
Particle Identification TPC energy loss - kaons Inc] < 2
Particle flight time |5 = 5] <003
Daughter pairs DCA DC Apir < 80 pm
Decay length 30 < A <2000 um
. Maximum distance of pair vertices Apax < 200 um
Topological Cuts Pointing anglie cosf > 0.95;5
Pion DCA to PV DCA; > 100 pm PV
Kaon DCA to PV DC Ak > 80 um
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Raw Yield Extraction

e HEstimate background from wrong—signs

e Scale background by (# of correct—signs)/(# of wrong—signs) outside 3 o of signal peak

* Subtract background 5002_ -@- Correct-sign + STAR preliminary
) 450 ;— _@ Wrong-sign + 2016 ﬁ:-l-Au I\(s_H: =02{lﬂ GeV
— 400 + entrality 0-10%
= = ev/c
é 350__ 2.5-=:p_|_-:3.0G v/
T A i
250" * " “*ot*:* ﬁ' *’“ﬂ

17 175 18 185 19 195 2 205 2.1
M2 (GeV/c?)

inv
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Raw Yield Extraction

e Hstimate background from wrong—signs

e Scale background by (# of correct—signs)/(# of wrong—signs) outside 3 o of signal peak

STAR preliminary

e Subtract background 2002— $Da 2016 Au+Au {5y = 200 GeV
0 150 f_ —Fit Centrality 0-10%
e Obtain the raw yield using bin counting method T = 28 < p, = 3.0Gelic
S 100 -  Side-band Significance = 9.8
and calculate signal significance 8 50 <—
of % et #W' s
 The D* signal significance varies between 3.1 5oL 5_+§ +’ + #””
and 12.1 for 1 <py <7 GeV/c in 0-10% central events 17 1 75 18 185 1.9 1 95 I2I 205 2.1

M (GeV/c?)

nv
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Recent HE'T Results

~1.0 B Au+Au events at Vsyy = 200 GeV with HFT
from 2016 analyzed (see Jan Vanek's talk)

Significant suppression in central Au+Au collisions at
high p— interaction of charm quarks with the
medium

RAA

QOO0 =otes
ONPRODOLNROON

o

Suppression consistent with DY

~900 M min—bias Au+Au events at Vsyy = 200 GeV
with HFT from year 2014 available
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B D 2016 Glob. Sys.
Glob. p+p uncert.
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TMVA Improvement

*we use Boosted Decision Trees (BDT) to improve the signal
significance

e training signal sample from FastSim (8.37 M),
* background from data — wrong—signs (8.41 M)
e variables used for optimization:

< N -
*  DCAy, DCA,, DCA,,, ® (G H% &

* cosé, N\

* 350 trees with depth 3 (standard settings) — boosting (;3 s

-_— N

e dependence on variables boiled down to 1 number — BDT response
(—1 = pure background, 1 = pure signal in 1deal case)
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Topological Variable Distributions

Input variable: DCA (Kaon) Input variable: DCA (Pion1) Input variable: DCA (Pion2)
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Comparison: Stra1ght Cuts vs. TMVA
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Signal Significance: Straight Cuts vs. TMVA:BDT}

Straight cuts
Sig. ratio
Yield [-] Sig. [—] Yield [-] Sig. [-]
20-25 | 431 +92 5 956 + 48 20 4.2
2.5-3.0 | 630=50 13 1237 = 79 16 1.3
3.0-35 | 433+32 14 533 x 31 17 1.3
3.5-4.0 | 26921 13 468 + 28 17 1.3
40-45 | 153+15 10 264 = 19 14 1.4
45-50 | 77+10 8 110 £ 13 9 1.2
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Summary and Outlook

e HFT allows D * reconstruction in Au+Au collisions at V syy = 200 GeV

e D * 1s suppressed in central Au+Au collisions

e Suppression of D * 1s consistent with DO results
e Strong interaction between charm quarks and the QGP

e Measurement of D * production using TMVA:BDT method is in progress
* We observe significant improvement in low p; region
e Effort being made to extend the measurement range to below 2 GeV/c
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BDT Overtraining Check

TMVA overtraining check for classifier: BDT

o i i
. . . g = I- S gnal [test sample] |
* we want to avoid overtraining on 2 8 [ Background (est sampie) | |
statistical ﬂuctuations ; 7 ‘Knlmnggrnvﬁmlmgﬁr...tgﬁl...a!gngl.(h.-:.n!sgm_u?mdl.Em.b.a.l:;l!tv.....n..eli?.?‘.ﬂ.&izl...
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* o Fri Jul 6 05:49:99 2018 BDT response

for 2.5 <p;r<3.0GeV/e, 0-10 %
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BD'T Significance Scan
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