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Motivation

* heavy quarks serve as a
probe in the QGP

e created 1n first moments
after collision —
experience entire
evolution

*we measure the energy
loss of the charm quark
inside the hot medium

final detected
particle distributions

Relativistic Heavy-Ton Collisions

made by Chun Shen Kinetic
freeze-out

Hadronization
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pre-
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namics viscous hydrodynamics
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STAR Experiment

e TPC — tracking, PID (dE/dx)
e TOF — PID (1/beta)

e HE'T — Heavy Flavor Tracker
e 3 active layers of silicon detectors
e operating 2014—-2016

e cxcellent spatial resolution — short—lived
particles measurable (A ., D*,...)
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Dataset

e 2014 Au—Au collisions at 200 GeV
e 1.33 B MB events from picoDst files
e trigger [D: 450050, 450060, 450005, 450015, 450025

Event cut statistics 1

X

—

(=]
=)

hEventStat1

® cvent cuts:

Entries 7.708413e+09
Mean 2.765

Events

V| <6 cm, |[V,—V,VFPD| < 3 cm 1200 b, i
e 980 M after event cuts 1000 B
e events with runld < 15107008 rejected 800
e 20 M events with cent = —1 rejected 500

e about 780 M events analyzed (probably

=Y

00

more available) 200

0 \ | . | \

all good run trigger Vs v,-vYPD accepted

Event Cuts



Analysis Method

eD* >Ksqq*am* BR:(8.98*0.28) %
eother K 1 combinations used as background

e Topological variables for K 7 candidates

e DCA of K and 1 to the primary vertex

e D* decay length (distance between PV and SV)
e Pointing angle ( 0 )

* Distance of pair vertices (A )

e DCA of K7t and 7 7 pairs

pair

PV

K1 7 triplets (D * candidates) created with open cuts
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Traditional Cuts

Type Cut Value(s)
: Distance from primary vertex 'Vz| < 6cm
EvgnLSeeclon VPD distance from PV Voveol < 3
, TPC Hits NTPC > 20
Track Selection HFT Hits AlT3 Tayers
Pseudorapidity In| < 1
Daughter transverse momentum pr > 0.5 GeV/c
D meson transverse momentum pr > 1GeV/c
PID Daughter TOF inverse velocity |5 — él < 0.03
TPC energy loss deviation - pions T [ne| < 3
TPC energy loss deviation - kaons Nne| < 2

Daughter pairs DCA

D meson decay length

30 < cr < 2000 zm

Vertex triangle side length

Amax < 200 m

Topological Cuts Pointing angle _cos@ > 0.997
Pion DCA to primary vertex DCA, > 100 um
Kaon DCA to primary vertex DCAk > 80 um

10/8/2018
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track2

trackl

PV -

Only difference in cos 0
0.998 —> 0.997

Hybrid TOF approach — use
TOF information when good

hit available
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Raw Yield Extraction

3: = ¢ Correct-sign
. . ﬁ 600~ ® Wrong-sign
e after cuts: 660 k correct—sign, 1.9 M wrong—sign = F: e rrange STAR 2014 Au-Au
BTSN e [ [scaled |, !
combinations In total =550 s s (S = 200 GeV
 fit peak region of correct—sign histogram with gaus+poll = B
) ) ) .. o = Centrality: 0-10 %
* obtain # of correct—sign (I-5) and wrong—sign (Iyg) combinations © 500
outside the 3 o range using bin counting - SR P RS anile
. . 450 —
* scale wrong—sign histogram by I-¢/Iys = Y3 B fit range: 1.82 - 1.95
400 peak o:0.012
350 [ o] | el |!
— B o N 2 ) 1
| } R |_:- : . _“r"r +
B RO R | T . X
B ol EE .
300— RN RN
N e " SN -
| S ggi‘g;ég o N + o ", x_
1 o Yy |
1.7 1.8 1.9 2 2.1
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Raw Yield Extraction )

s f
e after cuts: 660 k correct—sign, 1.9 M wrong—sign < 250~ D"signal STAR 2014 Au-Au
O -
combinations in total . r .
. . . . . B opg-  Yield: 719465 i 200 G0
e fit peak region of correct—sign histogram with gaus+poll = -
' . . o o E Centrality: 0-10 %
e obtain # of correct—sign (Ics) and wrong—sign (Iys) combinations © 15[ Slgnificance: 11.0
outside the 3 o range using bin counting : s ER CR Rl
* scale wrong—sign histogram by I-¢/Iyws = ¥3 100 :— peak o:0.011
e subtract wrong—sign from correct—sign histogram N
e fit the signal peak with gaus S0 + +
e count bins within 3 o range —> Raw Yield (S) - ++ | + + + +
C e O ;
e calculate significance = S/\/S+(1+1o/Iys)B z + + T+ T + + +
e 12 p; bins (1-10 GeVre) s + + +
o 4 Centrality bins (O—lO, 10_40, 40_80, 0—-80 %) :| NN S SRS N NN | S N | O T O W O 0 AN S o O
. . C e . 1.7 1.8 1.9 2 2.1
* yields with significance < 3 were rejected m__ [GeV/e]
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Raw Yields and Significances
Sig. [

0-10 % (124.6 M evts)

10/8/2018

Robert Licenik, FNSPE CTU in Prague

pr [GeV/c]  Yield [-] Sig. [-] Yield [-] -] Yield [-] Sig. [-] Yield [-] Sig. [-]
1.0-2.0 337 +136 2.5 1254 + 212 5.9 387 + 39 9.8 2116 + 333 6.4
20-25 485+ 117 4.1 1705 = 100 17.0 449 + 26 17.4 2639 + 156 16.9
2.5-3.0 719 + 65 11.0 1690 + 64 26.5 484 + 24 20.5 2895 + 95 30.6
3.0-3.5 470 + 38 12.5 1227 + 43 28.3 394 + 21 19.2 2090 + 60 34.8
3.5-4.0 279 + 23 12.1 811 + 32 25.2 267 + 17 15.7 1351 + 43 31.6
40-4.5 166 + 17 9.9 467 * 24 19.6 165 + 13 12.3 807 + 32 25.3
45-5.0 75 £ 11 6.9 290 + 18 15.7 98 + 11 8.9 469 + 24 19.3
5.0-5.5 55+ 9 5.8 178 + 15 12.2 63 + 9 7.0 294 + 19 15.3
5.5-6.0 33+6 5.4 98 + 11 9.0 31+ 6 5.1 162 = 14 11.6
6.0 -"7.0 24 £ 6 3.9 100 + 11 9.3 30+ 6 5.0 154 + 14 11.2
7.0-8.0 11 + 4 3.0 31 +7 4.7 6+ 4 1.7 53 + 8 6.6
3.0 -10.0 2+1 1.3 19 £ 5 4.1 7+3 1.9 25 + 6 3.9
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Yield Correction

e Raw yield —> Invariant yield

N1 -
dordy 2mpr — 27Nen: Nevents- BR-pr-Apr-Ay-Eff(pr) detector efficiencyXacceptance
T T T T from fast—sim, still work in progress
|

2 (+,-) (8.98+£0.28) % 2

Centrality [%] | Newenzs - 108 |-]
()= 11} 124.7
L()=41) SIS,
(-5} dnl.b
()-51) 8L

these pr points are placed incorrectly
at the middle of the bin —> bin width correction
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pr Spectrum Correction

* iterative process to find the correct position of the pr points, to account for the shape
of the spectrum inside the bin

e we need to find weighted average
. flpr) = 2 - (c—1)(c—-2) [ be+y/pF+m?
* we use the Levy function (m = 1.870 GeV/c?): 2m  ((be+m)(m(c—T)+bc)) bo+m

0-80 %

 the process converges after 2—3 iterations

e we use the new value to recalculate the inv. yield _ .+ original points

v corrected points

— Levy-fit
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Eff(p,)

Acc = Eff 40-80 %%

¥ Accx Eff 10-40%

|| Acc o« EfF 0-80 %
4 Acc « Ef 0-10 %

BfficiencyXAcceptance -

e data—driven fast simulator (PYTHIA) validated
by HIJING to 5 % accuracy (planned switch to EventGen)

e Inputs:
e TPC momentum resolution — from embedding
e TPC efficiency — from embedding
e TOF matching efficiency — from data
e HFT matching efficiency — from data
e DCA resolution — from data

e V, position — from data -
* fit by non—physical function: | 4” l‘ h“ii”l”_ Hi‘
gy _erop ot T
Eff(pr) =Ae 'r1° e\ E i
* need to add hybrid TOF efficiency

0.9

e
3|
.
=21
[=-]

10
P, [GeVic]

* missing primary vertex resolution correction (should be minor)
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Results — py spectra

D" invariant yield, 0-10 %

+ 2014 D* (x 0.523/0.217)

. { 2014 D" (Guannan)

I Illlllf

—— Levy Fit to DO pts

STAR Au-Au 2014 ys,, = 200 GeV

108 =
- $

107 =
S14E-
&2 : e _*_

v T T

4
02=— 3 3 4 5 2 7 B 3

10
P [GeVic)

Levy fit with
fixed first
parameter

D" invariant yield, 0-80 %

& =
§ 10 :_ + 2014 D* (x 0.523/0.217)
%J § { 2014 D° (Guannan)
B
102 —— Levy Fitto DO pts
— 10"
S
Q-|_1 0% STAR Au-Au 2014 /S, = 200 GeV
© =
L
8- C
ol 10 =
= &
prd =
N )
-D 10—5 =
e
1077 =
P X
g
% ;g +++ é g
oy "é_'._i %
0.8 _%—‘
0.6 g
04
0.2 9 3 3 7 5 B i B ]

70
pr [GeVic]
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Results — py spectra

D" invariant yield, 10-40 %

+ 2014 D (x 0.523/0.217)

% 2014 D" (Guannan)

[

— Levy Fit to DO pts

STAR Au-Au 2014 /s, = 200 GeV

o
s
I IIIIIII| I IIIIIII|

fixed first

-4

D* invariant yield, 40-80 %

Levy fit with

<
i

+ 2014 D* (x 0.523/0.217)
<} 2014 D" (Guannan)

—— Levy Fit to DO pts

STAR Au-Au 2014 sy, = 200 GeV

: parameter = $
-:-D =
BeE —4—
B : bt
g + e o e e ) . Eﬁgg +“§_'+ I
E t 1 n_ég !
0.6
; ; ; ; ; ; ; . ; 04 ; ; 3 3 :
1 2 3 E 5 B 7 g g n [1 éaeml 0.2 4 4 % % 2 + 4 3 . [1 C?e\.".-'c]
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TMVA Improvement

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

* training signal sample from simulations (3.37 M), background from
data — wrong sign combinations (8.41 M)

e variables used:
e Kk dca, pil_dca, pi2_dca, dcaMax
e (CosTheta, D _decayL ()

e 8350 trees with depth 3 (standard settings) — boosting
e dependence on variables boiled down to 1 number — BDT response
(—1 = pure background, 1 = pure signal in 1deal case)




Input variable: DCA (Kaon)

{1/M) dM ! 0.00655 F

LD-flow (5, 8] 0.0, U00% F{2.0, 3

0.2  0.25
DCA (Kaon) [F]

Input variable: DCA_d

g

T MRS MANEL TEASTE

(1N} dM / 0.00711 F

S 8§58 84d

0.2

Do (5,8): 0.0, 0007% | 3.5, Ll

0.25
DCA_d [F]

0.15

10/8/2018

(1/M} dM / 0.00756 F

100

i)

ble: DCA (Pion1

qerpeqe b

Lo I O Y |

E
5
i
q
a
"
o -
i,
B

[

0.1

Input variable: cos(d)

{1/M) dM / 0.007128 F

300 F

100 |

aeepegt

L1
LD-Fhowr (5,8)c 0.0, QU07% §{2.2,

015

0.2

i —l
025 0.3

DCA (Pion1) [F]

150 |

e

0.96

0.a7

e sorlrepliriatp TS

0.08

Tilll N T T ST T A

LD-fhow (5,8 0.0, 0007% 7 0.0, Ll

X |

B

{1
N, P

088 1
cos(g) [F]
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BD'T Variables Distributions

Input variable: DCA (Pion2)

EIIIIII
'l : { : E : :
ES : : : :
d : 2 ; :
a : ; : :
] 3 : [ 3
i : ; : :
: : :
- : : :

i i A
015 0.2 0.25 0.3
DCA (Pion2) [F]

{(1/N} dM / 0.007886 F

penbonnnbon anbonnn o donpnbonnnbonpsdonnnlyninl

LD flowy (5, B 0.0, DU 2.2, QUi

o2 883588 388

{1/N} dM / 0.0154 F

m.jiii .I.I.I.I. Lill I.I.I.I. I.I.ii i.l.l.l .I.I.I.i ii.l.l .I.I.I.I.

=

7
e
EP

WD florey (5,8} 40,0, SUE 2.8, DB



Cuts vs. TMVA BDT

improvement of significance by a factor of 1.5 —
Prov 5 Y Significance Vs. BDT Response

N B 5._:35[] i P z
% - | % - D" signal ; IT
=< 250~ D" signal STAR 2014 Au-Au = 300 STAR 2014 Au-Au = 16/— STAR 2014 Au-Au P
o - o " Significance: 16.4 S r ™ o®
103 B = = T E = it -
% oonl— Yield: 71965 Vs SOEOT O @ 250F  VYield: 1101467 5 c%: 14 S = 200 GeV *
L = B -
a B Centrality: 0-10 % 3 E Mean: 1.8704 =+0.0007 0-10% T 0-10% *
- - Significance: 11.0 © 200 £
150 T 0:0.0104 +0.0007 12 »
u 25 ¢ P, < 3 GeV/c [ 25<¢p, < 3.0GeVic [ 25<p, <3.0GeVic
B 150 - .
100~ peak o: 0.011 E 10 [ Max. Sig.: 16.4 for BDT response: 0.370
. 100 L .
N B 8 | Old Sig: 11.0
50 - B
s | + + + S0F : : .
L 6—
o {1 it : I
- {1 0] ofdhy UL L - '
R LD SRRy
50[ 50F + + -
_I|||||||||||||||||||||||| :III|IIII|IIII|IIII|IIII|IIII|IIII|III Eoaa ol b bvv s by by bva s bvaa i ba oy
1.7 1.8 1.9 21 1.75 1.8 1.85 1.9 1.95 2 205 0 005 01 015 02 025 03 035 04 04
m, . [GeVie’] m_, [GeVic?] BDT Response []
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Cuts vs. TMVA BDT

larger improvement for lower py—factor of 4.8 Significance Vs. BDT Response
;stn:— < F = L
I > 300 .. S 20—
2 . - D"signal STAR2014Aw-Au | 2 - D signal R % | RS ..."
‘G_ = o | significance: 19.7 = : -
@ VYield: 4851117 VS = 200 GeV e L - ’
S 150 E L A @ 95 3
o [ Centrality: 6-10% | 3 g Mean: 1869 -0.0006 0-10% - 010%
O - Significance: 4.1 &) [ i 4
100 - R I:"T <5 Ge Vi E SRR 2.0¢ P; < 2.5 GeV/c : 20« P, < 2.5 GeV/c ™
R 150 — 10 .
50 2 peak o: (.01 C - Max. Sig.: 19.7 for BDT response: 0.360 .
DE 130:— | old sig: 4.1 i
__ - 5
C C L »
C 50— L
501 ‘ B H‘ + . . .
- I = ™
: 5 faitip b <L
: it o ! b o :
~100[ [ D# H. ++ | +++ ++++++++ i
ool v b o v b by by _ED_—;|||||||||||||||||||||||||||||||||||| gy b e gl s el poen g b pad e e Bac e B e el
1.7 1.8 1.9 2 2.1 1.75 1.8 1.85 189 185 2 2.05 0 005 0.1 015 02 025 03 035 :
m_. [GeV/c?] m_. [GeV/c?) BDT Response [-]

for higher py, the change is not that great —> the BDT settings need to be tuned
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BDT Consistency Check — no peak in wrong—signs

R £
o 9)]
o o

w
(&)
o

Counts/(10 MeV/c¢?)

300

250

200

150

100

—||IIII|—|—‘—II‘IIlIIIII\lIIII|II\I|IIIII
_._.-_
—o—-
-
-M-
&

+ Correct-sign

+ Wrong-sign

L

STAR 2014 Au-Au

V'S = 200 GeV

0-10 %

2.0¢ P, < 2.5 GeV/c

+

*ﬁ*m # q

ill]llllllli]lllillllltlIlJL

1.75 1.8 185
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1.9 195 2. 05
mmK [GeV/c?

Counts/(10 MeV/c?)

(&) (o))
a o
o o
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o
o

-J—F—FI|IIII|IIIIII\Ei|ll|l]|l|||||l|[l|||

450

400

350

300

250

+ Correct-sign

+ Wrong-sign

i
i

STAR 2014 Au-Au

VSNN =200 GeV

0-10 %

25¢p < 3.0GeV/c

;ﬁﬁ it ﬁ e W

Lllllllllllllllllllll]llllI

III!]
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1.85 3 185 205
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Comparison Cuts vs. BDT
liigtlsvl 0-10 % traditional

[Gf\ﬁ,c] Yield[-] ~ Sig.[-]  Yield[-]  Sig.[-] j_ ' ¥ o i
2.0-25 485+ 117 4.1 974 + 49 19.7 4.8 E’m— i ' ! i
25-3.0 719 +65 11.0 1101 + 67 16.4 15 ”;_ \ &

3.0-35 47038 12.5 533 + 31 17.1 1.4 e ¥ '

3.5-4.0 279 =23 12.1 468 + 28 16.5 1.4 1:: ) ¥
40-45 166 * 17 9.9 264 + 19 13.8 1.4 5_ :ﬂmmm v
45-50 7511 6.9 110 + 13 8.8 1.3 s ¥ S = 200 GeV
50-55% 55%9 5.8 89 + 13 6.9 1.2 oF- e
55-6.0*% 33x6 5.4 43 + 15 2.9 0.5 Di.l.é....zysl...é....&g...li....4}5....;.'.

p. [GeV/ <]

* the BDT optimization is
unstable with current settings
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Bad bin example
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Significance [-]

n
to

N
oo

2.7

2.6

2.5

na
I

Significance Vs. BDT Response

[ [ ]

-  STAR 2014 Au-Au

- [ ]

B 8, = 200 GeV .

L o-10% »

B ®

- B5<p <6.0GeVi

- o

[ Max. Sig.: 2.9 for BDT response: 0.250 .

§ o o o o o o o o ° o =

| Old Sig: 5.4

- .

B ™

= I I | | I I | | | I I | | I | | | I T | | | I I | | | I I | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

BDT Response [-]
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Summary

e 2014 data from Au—Au collisions at 200 GeV analyzed using traditional cuts
* D * reconstructed with significance > 3 (p; 1-10 GeV/c for 0-80 %)

* D* p; spectra reconstructed, still missing some corrections to be consistent
with DO results

e significance of peaks improved using the BDT TMVA method



To Do

* improve/obtain results throughout the 0—10 GeV/c pr range for
all centrality bins (daughter py cut 0.0 —> 0.3 GeV/c, tune BDT
settings for higher py)

e calculate Eff(pr) using BDT cuts

e implement hybrid TOF efficiency

e calculate systematic errors

*obtain nuclear modification factor (Rxs)
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BACKUP
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1 sig. tracks TOF+TPC+HEFT/TPC+HET

h_piTOF_HFT 1sig_20 h_kTOF_HFT 1sig_20

ol J/—ANW g
e h_pi_tof_eff_Tsig 0.5
L Entries 63 B
L Mean 5.156 =
4L StdDev  2.815 0.4 h_K_tol_eff_1sig
- : Entries 80
0.3H - Mean 5.203
= 0.3 Std Dev  2.779
0.2 0.2
0.1 0.1
0 v | ' ' ' ' ' ' ' :( | | | | 2 | | | |




Comparison with Kvapil

D* invariant yield, 0-10 %

o = 3
.‘.6. L. —4— 2014 D* (x 0.523/0.217) =
“‘:; 107 { Kvapil 2014 D* (x 0.565/0.246) 5; 107
) L]
8 - i ¢ 2014 D° (Guannan) 8
=102 — Levy Fitto DO pts 102
= F =
> O_
Q_|_-| 03 STAR Au-Au 2014 |/S = 200 GeV 0 10°®
= ©
-D|_ B —
o - %:.'l
Kok 10
= = =
Frat r Z
o I od
O 105 O o5
108 10°°
- )
1077 = 107
3 2 = T
Tig T1.8
X16 x1.6
4 1.4
a1 o
5, ] i 5
I s .
04 0.4
025 2 3 4 5 3 7 g 3 10 s
P, [GeVic)
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D* invariant yield, 0-80 %

—$— 2014 D* (x 0.523/0.217)

= $  Kvapil 2014 D* (x 0.565/0.246)
e S— ¢ 2014 D° (Guannan)
- e
pes —— Levy Fit to DO pts
= STAR Au-Au 2014 VSun= 200 GeV
+‘_§_‘—§—‘—§—¢_§__¢_Q_u—‘—+_§ I
1 e —)
1 Z 3 7 5 % } B 9 70
P, [GeVic]
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Comparison with

D" invariant yield, 10-40 %

_L
=i
|

(2mp_dp_dy)
I IIIIIII| I IIIIIII| I IIIIIII| I II.IIIII

-
<
e |

—$— 2014 D* (x 0.523/0.217)

$ Kvapil 2014 D* (x 0.565/0.246)

4 2014 D° (Guannan)

—— Levy Fit to DO pts

STAR Au-Au 2014 s, = 200 GeV

pil

Ratio D*/Kva
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10
p, [GeVic]

D* invariant yield, 40-80 %

% I —$— 2014 D* (x 0.528/0.217)
“;;; 107" = $ Kvapil 2014 D* (x 0.565/0.246)
8 - $ 2014 0° (Guannan)
=102 = —— Levy Fit to DO pts
; ¥ g
— @
© &
|—
o103 STAR Au-Au 2014 {fS = 200 GeV
© =
a F
Ct-\::] 10 =
e =
Z _
£ C
O 455 =
105
I
10 = &

Robert Licenik, FNSPE CTU in Prague 28

B 2
T1.8
216
a‘l.‘i >—§—<
.91.21 '_i_'>—§—'—§—t—$—¢_;_‘ —
0.8

0.5

0.4

0.2 i i 3 : 3 B 7 ; 70

P [GeVig)



Hybrid TOF Efficiency

e tracks with TOF hit have additional correction factor: TOF PID cut efficiency

e TOF PID eff. for 2 sigma kaons: 0.917

e 3 sigma pions: 0.970

e single track PID eff: €pip(TPC&TOF) = (1 — erofmateh + ETof Mateh X ETofPID) X ETPC

h_kTOF _HFT 20 h_piTOF_HFT_20
e our D* from 3 tracks i i

—> "worst case" scenario: Tﬁwﬂw
05 05H R Pl Tof e
0.970x 0.970x 0.917 =0.862 ¢ —herer— : s @
0.4 Man 5017 ) Std Dev  2.815
Std Dev 2.778 C
e should be implemented o=
SOOH 0I1: I|||||||||||||||||||||||||||||||||||||||||||||||||
00||||-|I|||||||||| sl b b b ] W)

1 2 3 4 5 6

3 4 5 6 7 8 9 10 0 . 7 8 9
TOF match efficiency: cca 60 % of high—p; tracks have good TOF hit
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BDT Overtraining Check

TMVA overtraining check for classifier: BDT

. . . 'E 3- E‘Jgnal (test sample} ' N Slgnal (trdmmg sam&ne] ?E
* we want to avoid overtraining on = 877 Backgroind (iesi sample) "i"'Eie:kgraﬁh'a"{tfa'.ﬁ'.‘ﬁg'aafﬁ.ﬂéj :
StatIStlcal flUCtuatlonS ; 7 —Knlmugnruuﬁmlmn\rtest slgnal (bankgrnund] prnbablllt'f 0, 452;3] 442}
overtrained ~ good 5 Jm

g
&

o W

—r

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

02 01 0 01 02 03 04
* o Fri Jul 6 05:49:99 2018 BDT response

for 2.5 <p;r<3.0GeV/e, 0-10 %
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