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1 - Physics Motivation
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o We Want to Study ear‘-l_y Un-iverse HISTORY OF THE | INIVERSE

Dark energy
accelerated
expansion
Cosmic Microwave Structure

e QGP present at 1~10°° s — e

e (Created today in A+A collisions

Inflation
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QCD Phase Diagram

Matter can exist 1in

multiple phases

QGP at high temperatures
Phase transition at T~170 MeV
Smooth crossover observed

Critical point? - BES II
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2 - Heavy-ion Collisions and QGP




Physics of Heavy-lon Collisions

Evolution governed by centrality

Hard scattering between partons

QGP hydrodynamic evolution Relativistic ieavy-ton Collisions
Hadronization d s rery i
Chemical and kinetic freeze-out )y

Final products (m, K, p, 1%, v)

Spectators =

viscous hydrodynamics

collision evolution
t~0fm/c t~1fm/c
Participants

before collision after collision

final detected
particle distributions

Kinetic
freeze-out

free streaming

T ~10 fm/c T ~ 1015 fm/c
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Quark-Gluon Plasma i
e Hottest, densest, least viscous, most vortical superfluid
e Partons are quasi-free '
e Confirmed in 2004 at RHIC
e Impossible to observe directly
e We study interactions within the medium
e Probes: jets, collectivity, quarkonia, energy loss,...
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Parton Energy Loss W * e

e High-energy partons lose energy in QGP via elastic

collisions and gluon radiation 52'4_ PHENIX Au+Au, \[5,p,= 200 GeV, 0-10% most central

0C 2.2 ddirect y 0-5% cent (arXiv:1205.5759) ¥ J4y 0-20% cent. (PRL98, 232301)

. . . . . 2l #7° (PRL101, 232301) # v 0-20% cent. (PRC84, 044902)
e Yield at specific p, modified [ iin (PRCE2,011902) b, (PRCS4, 044905)
T 1.8 #¢ (PRC83, 024090) f K' (PRC83, 064903) ||
. . . 1.6— §p (PRC83, 064903)
e Nuclear modification factor: sl
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3 - STAR Experiment
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e Located at Brookhaven National Lab, USA
TPC - Time Projection Chamber

o Tracking
o Particle 1ddentification via energy loss (dE/dx)

e TOF - Time-of-Flight detector
o Particle identification via flight time (1/B)
o Extend identification at p > 1 GeV/c
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Heavy Flavor Tracker ) \ / L
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* Full azimuthal coverage

* -1<n<1coverage

* Uniform acceptance for all beam energies
* Full TOF barrel (Run10)

* Low material budget in the tracking volume

~

11



STAR Experiment

e Located at Brookhaven National Lab, USA

TPC

O

O

e TOF

- Time Projection Chamber

Tracking
Particle didentification via energy loss (dE/dx)

- Time-of-Flight detector
Particle 1identification via flight time (1/B)
Extend identification at p > 1 GeV/c

- Heavy Flavor Tracker

operating in 2014-2016

2 layers of silicon pixel and 2 layers

of strip detectors (one not used 1in 2014)
excellent spatial resolution (o~ 46 um for

750 MeV/c kaons)

topological reconstruction of open-charm hadrons

eg. n_, D*, D% D
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4 - D* Analysis in Au+Au Collisions
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e D" production - one way to study c¢ quark interaction 1in

QGP Quark content cd, cd
e C quarks created during mp=+ [MeV/c2] 1869.5 +-0.4
hard scattering T [pS] 1.040 £+ 0.007
e Significant energy loss A hxnﬂ 312 £ 2
observed in DY production Decay channel D* — Kfm*m™
BR [%] 3.98 £ 0.28
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Analysis Method

860 M minimum-bias Au+Au Vs = 200 GeV e

D* -> K* m* m", BR: (8.98:0.28) %
Other Knnm combinations - background
PID using TPC, TOF when available

Topological variables:

o DCA of K and m to the primary vertex
D* decay length A
Pointing angle cos6

Maximum distance of pair vertices (4 __ )
DCA of Km and mmt pairs (DCA, , DCA

O O O O

DCA

23 ) 13)
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Selection Criteria o T B
- .wﬁ%«(o ™ »»;:S':§«. %
% L
3 ‘} daughter 2
daughter 1
Type Cut Value(s)
. Primary vertex (PV) position V.| <6 cm
Event Selection PV positions from(TP)Cpand VPD | |V, —| V{VP Y| <3 cm
TPC Hits Nrpc > 20 davonter
Track Selection HET Hl.t il 2 PXL and 15T
Pseudorapidity In{ <1
Daughter transverse momentum pr > 0.5 GeV/c
TPC energy loss - pions |n%| < 3
Particle Identification TPC energy loss - kaons Ing| <2
Particle flight time |11§ - B}_}l < 0.03
Daughter pairs DCA DC Apai} < 80 pm
Decay length 30 < A <2000 pm
. Maximum distance of pair vertices Amax < 200 pm
lapolagiealiSnie Pointing a,ngﬂ)c cosf > 0.99%
Pion DCA to PV DCAy; > 100 pm  |p* fight path
Kaon DCA to PV DC Ak > 80 um 16
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Raw Yield Extraction Yok

e oye U ous %
Ve

Estimate background from wrong-signs
Scale background by (# of correct-signs)/(# of wrong-signs)

outside 4 o of signal peak $ [ omeem THIS THESIS
D 450 ~—— Gaus+pol1 fit ik
e Subtract background S —aomane STAR 2014 Ausa
Scaled #,,

= r Background VS = 200 Gev
%
‘g‘ 400 — Centrality: 0-10 %
8 - 25 ¢p, <3.0GeVic
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Raw Yield Extraction

Estimate background from wrong-signs
Scale background by (# of correct-signs)/(# of wrong-signs)
outside 4 o of signal peak )
Subtract background

e Obtain raw yield using bin counting

method inside 3 o

e Calculate Dir

e Significance
13.7 in 0-10
e Also studied

signal significance

varies between 3.2 and

% centrality bin
10-40, 40-80, 0-80

in the 1 < p. < 8 GeV/c range
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Yield Correction

e Raw Yield -> Invariant Yield

1 d*N

1

Yiaw

27p dprdy B 27tpr Nep * Nevt - BR - Apy - Ay - Ef f(pr)

/

Subject to correction

\

8.98+0.28
2 (D*,D7)
Centrality %] Nevt [-]
0-10 102 916 176
10 — 40 320 439 616
40 — 80 435 890 688
0—-80 859 246 464

|

2

Detector AcceptanceXEfficiency
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e Data-driven Fast Simulator T [ F oo
o Obtain the V, distribution (data) G [ 4 acoxenoson
20 4 Acc xEff0-10% i
o Generate D* mesons flat in p; and vy - |
o Decay to K'm'm® using EvtGen 15:_ 4 ——
o Smear momentum (K and m embedding) i b —f—
: I
o Smear DCA for daughters (data) - *+*_*_ ! T
o Apply HFT matching efficiency (data) 10 e == ]
: I ™ TR
o Apply TPC reconstruction [ SIS
- o o —h—
efficiency (embedding) 51 4_.;:—*—
o Reconstruct D* with analysis cuts i _:._E—A—_A_
. Va-l_-idated by HIJING+GEANT4 W-ith-in 5 96 O:Tii%_lj_llll|I|I|l||||||I|||I||||||||I|l|l|
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e p. points not 1in correct place

e Levy fit to the spectrum

1 dN (n—1)(n-2) nT /5 m? -
f(pr) =

THIS THESIS
o original points

102 1
e corrected points

o dy (nT+m)(m(n—1)+nT) . nT +m

T

-t

(=}
w

— Levy fit

T
IS
1

e Iterative process to find

d?N/(2np_dp_dy) [(GeV/c)?]

mean value inside bins 10°

107

STAR Aus+Au |[s,, = 200 GeV

Centrality: 0-80 %

e Larger effect for wider bins

108L
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2np_dp_dy) [(GeV/c)?|

D° Fit

il

D

D* Spectra
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D* Nuclear Modification Factor

°
;
Centrality %] Nean [H
010 959.65+36.53
10 — 40 401.80+54.50
40 — 80 58.07+33.02
0 - 80 373.00+£73.45

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0

Spectra compared to scaled p+p reference

STAR Au+Au 2014
szN =200 GeV
Centrality: 0-10 %

@® D" -thisthesis
® 2010111D°
@® 2014D°
I Glob. D* Sys.
' Glob. p+p Sys.

THIS THESIS

TTT IIIIIII|IIIIIII III|III|III

e Significant D* production suppression observed

e Consistent with DO results
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Raa [1]

D* Nuclear Modification Factor
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Suppression also observed in more peripheral collisions
Significant energy losses of charm quarks inside QGP
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HFT
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e Precise measurement enabled by
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9 - Improvement Using TMVA
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e we use Boosted Decision Trees (BDT) to -improve
signal significance
training signal sample from FastSim (8.37 M)
background from data - wrong-signs (8.41 M)
e variables used for optimization:
o DCA, DCA_,, DCA .
o CcO0sH, A
850 trees with depth 3 (standard settings) - boosting
e dependence on variables boiled down to 1 number - BDT repon?e
(-1 = pure background, 1 = pure signal 1in ideal case)
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Topological Variable Distributions

Input variable: DCA (Kaon)

DCA (Kaon) [F]

Input variable: DCA_d
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Comparison: Rectangular Guts vs. TMVA:BDT

e No peak in wrong-signs

e Largest +improvement of Sig.'}

in the lowest p.
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b - Summary and Outlook




Summary i

—_——— &%

e QGP 1s created in high-energy heavy-ion collisions

e Charm quarks serve as a probe inside the medium
e HFT allowed precise reconstruction of D* at STAR

e Results indicate significant energy loss of ¢ quark 1in
the QGP
e Signal significance can be substantially 1improved by

application of TMVA:BDT, especially at low p,
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e Apply TMVA:BDT on all available p,. and centrality bins
e Calculate reconstruction efficiency with BDT
e Precisely determine systematic errors
e Combine with 2016 results and publish
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Correlation Matrices

Correlation Matrix (signal)

Linear correlation coefficients in %

DCA (Pion2)

DCA (PionT)

DCA (Kaon)

Ocq, Ocq
(k"’n) (P"’n /]

Pt e M

Fri Nov 23 11:58:24 2018

e

0, 0,

Fri Nov 23 11:59:12 2018

Correlation Matrix (background)

Linear comelation coefficients in %
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Overtraining check

—_— TMVA overtraining check for classifier: BDT

B ] Signal (test sample) ~ | !/ + Signal (training sample) -
E 10 [éd Background (test sample) | || Background (tramlng sample)—_
2 KoImogorov-Smimov test signal (background) probabillty 0.015 (0. 606) :
€ 8
Z

6

4

2

0

' =e
0.2 -0.1 0 0.1 0.2
Fri Nov 23 12:10:26 2018 BDT response

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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