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PHYSICS MOTIVATION

= Quark-Gluon Plasma (QGP) can be studied using
relativistic heavy-ion collisions

= Only indirect study through production of final 4 T T T
state hadrons | [ |

= Light flavor hadrons
= Heavy flavor hadrons

= At RHIC energies, charm quarks are produced
predominantly through hard partonic scatterings at
early stage of Au+Au collisions To= 1 fm/c

= They experience the whole evolution of the medium

= Charm quark energy loss in the medium can be
studied by measurement of open-charm meson
nuclear modification factor R,
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DY NUCLEAR MODIFICATION FACTOR

= Nuclear modification factor:

dNjH™/dpr

Raa(pr) =

= D% mesons suppressed in central Au+Au

collisions

= Strong interactions between charm quarks and the

medium

(Ncoll> dN]I;p/de

1

= Suppression of D° mesons comparable to light flavor 9-°

hadrons at RHIC and D mesons at LHC

= Reproduced by models incorporating both radiative’ 15

and collisional energy losses, and collective flow

1

= Measurement of D* is complementary to that of D

= Independent cross-check of the D° measurement
= First measurement of D* at STAR - three body decay
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STAR DETECTOR

= Solenoidal Tracker At RHIC

= Heavy Flavor Tracker (HFT, 2014-2016) is a 4-layer silicon detector
= MAPS - 2 innermost layers, Strip detectors — 2 outer layers

= Time Projection Chamber (TPC) and Time Of Flight (TOF)
= Particle momentum (TPC) and identification (TPC and TOF)

Time Projection Chamber
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D+ MEASUREMENTS WITH THE HET

= The data used in this analysis are from 2016 for Au+Au collisions at
\/SNN == 200 GeV

= Total of ca. 1.3B good minimum bias events after event selection

= The HFT allows direct topological reconstruction of D* mesons
through their hadronic decay

- D* s Kttt  cr=(311.8+2.1)ym  BR=(8.98 + 0.28) %*

*Value of BR is updated regularly:
2014: BR=(9.13%£0.19) %

2016: BR = (9.46 £ 0.24) %

2018: BR = (8.98 £ 0.28) %

2019: BR=(9.38 £ 0.16) %

All values taken from PDG
overview from given year.

(a) (b)

JHEP 1510 (2015) 142

Jan Vanek: Open-charm production at STAR 11.06.2019 {e»



EVENT AND TRACK SELECTION, PID

= Event selection cuts

= Position of primary vertex along the
beam axis

= Track selection cuts

= pr— suppresses combinatorial
background from low-p, particles

= |n|<1- detector acceptance

= Minimum number of hits in the TPC for
each track — good track quality

= Minimum number of hits in the HFT
= Particle identification (PID)

= TPC — energy loss of charged particles
in the TPC gas

= TOF - velocity of the charged particles
= Topological cuts
= Possible only with use of the HFT

= Constrain topology of the reconstructed
secondary vertex

= Suppress combinatorial background
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EVENT AND TRACK SELECTION, PID

' e : _ Thisthesis ]
= Event selection cuts d B e o) ! )
= Position of primary vertex along the 5 \“\ sl - "
beam axis = 7  (| |
= Track selection cuts = 6 & 10
= pr— suppresses combinatorial E,: 3 N
background from low-p; particles = 4 j 10
= |n|<1-detector acceptance © 33
= Minimum number of hits in the TPC for i 10

each track — good track quality

= Minimum number of hits in the HFT L
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= Particle identification (PID) 40 1 S
= TPC — energy loss of charged particles - 2016 Au+Au |5, = 200 GeV |
il’l the TPC gas s -2 Charged tracks

© Minimum bias
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= TOF — velocity of the charged particles 0.
= Topological cuts \ 25
= Possible only with use of the HFT S20- 8

= Constrain topology of the reconstructed 15
secondary vertex =

= Suppress combinatorial background
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EVENT AND TRACK SELECTION, PID

= Event selection cuts

= Position of primary vertex along the
beam axis

= Track selection cuts trackl

= pr— suppresses combinatorial
background from low-p, particles

= |n|<1- detector acceptance

= Minimum number of hits in the TPC for
each track — good track quality

= Minimum number of hits in the HFT DCA
= Particle identification (PID) '

= TPC — energy loss of charged particles
in the TPC gas

= TOF - velocity of the charged particles
= Topological cuts
= Possible only with use of the HFT

DCA,,
= Constrain topology of the reconstructed

secondary vertex Primary Vertex (PV)
= Suppress combinatorial background

track2

track3

max

pair
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EVENT AND TRACK SELECTION, PID

Example of analysis cuts for D*
reconstruction using the HFT

Event selection cuts

Position of primary vertex along the
beam axis

Track selection cuts

o

o

Pr— suppresses combinatorial
background from low-p; particles

nHitsFit — large number of TPC hits used
for track reconstruction to ensure good
track quality

Hit in at least three layers of the HFT

PID: HFT+TPC+(TOF)

o

Hybrid TOF = use TOF only for tracks
with valid TOF information

Topological cuts

o

o

Possible only with use of the HFT

Constrain topology of the reconstructed
secondary vertex

Suppress combinatorial background
Optimization using the TMVA

Event selection cuts

|V,| <6cm

|V, —V,wpp)| <3cm

Track selection cuts

pr> 500 MeV/c

Inl <1

nHitsFit > 20

nHitsFit/nHitsMax > 0.52

HFT track = PXL1+PXL2+(IST or SSD)

PID cuts

Ino| <3
TPC
|nog| <2
Hybrid |1/8-1/B,] <0.03
TOF |1/B - 1/B| <0.03

Topological cuts
(no optimization)

DCA,,;, < 80 um

30 pm < Lp, < 2000 pm

cos(9) > 0.998

A,_., <200 pm

DCA, py > 100 pm

DCAy py > 80 pm
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SELECTION CRITERIA OPTIMIZATION

= Rectangular cuts optimization using TMVA

= Signal sample
= From data-driven fast-simulator

= 160M simulated D* decays with same pre-cuts as used to produce
candidates tree

= Background sample
= From data

= Wrong-sign Knimt triplets

= Number of signal events (before TMVA cuts)
= Estimated using measured D° spectrum in Runl4

feopt

d?N
Feawdpt = ( )Do 27 Nevt BRp+ prAprAy e(pr)

2npt dprdy fessp0

= Number of background events (before TMVA cuts)
= From data
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TRAINING PROCEDURE

= Cuts optimization (CutsSA)

= Set the TMVA optimized variables
» Look for max/min value

= TMVA goes from signal efficiency eg=0to g5 =1

= For each g minimizes background efficiency &;

= The optimal set of cuts — at maximum significance:
S EsNg

VS+B JE&Ns + egNp

where Ng (Nj) is number of signal (background) events before
optimization

Y —

= N estimated from D® Runl4 invariant spectrum
= Calculate expected D* raw yield from DO invariant yield

= N; estimated from D* candidates tree
= Number of background events under the D* mass peak
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(1/N) dN / 0.0048%

TRAINING — EXAMPLE FOR ONE BIN
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" TRAINING RESULT — REW YIELD

; . 5000 > This thesis
Improvgment of raw Yleld 4800F 2016 Au+Au {5, = 200 GeV
extraction 92288:_ Centrality 0-10%

- =
84200;— No optimization 2:0< py <25 GeVie
03388: -@- Correct-sign ¢
= Significantly reduced background 3600 e wrongsign
for p. <3 GeV/c S400E . e
Pr 17 175 1.8 185 19 195 2 205 2.1
ME™ (GeV/c?)
: g 220¢ : .

= Raw yield significance 500E- @ Correct-sign This thesis

improvement with TMVA cuts 180 e Wrongsign 2016 AusAu (5= 200 Ge¥
= Improvement of significance up to *% 140E TMVA optimized zocen:a"t::;:,,c
by factor of 3 8 188? '

- TMVA is most efficient in low p; 80

e t ¢

= No significant improvement in high  40: i
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TRAINING RESULT — YIELD SIGNIFICANCE
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RAW YIELD EXTRACTION

= D* signal is extracted from
K invariant mass MX™"
spectrum

= Background: wrong-sign
spectrum scaled using regions
outside the mass peak

= The wrong-sign spectrum is
subtracted from the correct-
sign spectrum

= The spectrum after subtraction
is fitted with Gaussian function
by x? fit

= Theraw yield Y, is
calculated by the bin-counting
method in 30 region

= Only raw yields with
significance > 3 accepted for
further analysis
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DETECTOR AND ACCEPTENCE CORRECTIONS =

= HFT+TPC efficiency determined by data-driven fast-simulator with

inputs from data and TPC embedding
= D7 are decayed by EvtGen

= Detector efficiency and resolution effects are applied
to the D* decayed daughters:

= HFT matching efficiency (data)

= DCA resolution (data) 2_ 0.00 31
= Primary vertex position along beam axis (data) I i

= TPC momentum resolution (embedding)
= TPC tracking efficiency (embedding)
= Efficiency ¢(pg) obtained from fraction of simulated
D? passing the analysis cuts

= PID efficiency of TPC and TOF

T T

LI L

—@— HFT+TPC

~@ HFT+TPC+PID

L 2
s g

STAR preliminary

2016 Au+Au {sy, = 200 GeV

Centrality 0-10%

e b b beva b b b ban

2345678910

P, (GeV/c)

= Enriched K sample at low p; from data using strict TOF or TPC PID cuts

= Pure 1 sample obtained by reconstruction of K?
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D+ INVARIANT SPECTRUM

= Invariant yield is calculated according to:
d2N B Yeaw
2nprdprdy 27 Neye BR prAprdy e(pr)
= Y .. = raw yield, N,

raw -t — number of events, BR = branching ratio, e(py) =
total D* reconstruction efficiency

= Collision centrality classes: 0-10%, 10-40%, 40-80%, 0-80%

= Determined from charged track multiplicity in TPC and Glauber model
simulation
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D+ NUCLEAR MODIFICATION FACTOR

= Nuclear modification factor:

Roa(90) dNp2/dpr
p =
AR (NcoH) dN]I))p/de
= Reference: combined D° and D* ’ g_ STAR preliminary o D 2016
measurement in 200 GeV p+p collisions 1°BE  AusAu [ =200 Gev 0 D°2014
using 2009 data 14F  centraiity 0-10% Il D' 2016 Glob. Sys.
1 '21 Glob. p+p uncert.
. | T I
= High-p; D* and D suppressed in central T 0.8 . " )
Au+Au collisions 06 - ' C ; b .’Dc ¢. i p+p uncert,
= O - 8 > .
= Strong interactions between charm quarks 0-4_53 - - e D& o g
and the medium Og_| T li‘
0 1 2 3 4 5 6 7 8
= Similar level of suppression for D* and D° Py (GeVic)

STAR D° and D* p+p reference: Phys. Rev. D 86 072013

= This figure — official STAR preliminary,
first presented at QM2018 in Venice

Jan Vanek: Open-charm meson production at STAR 24.06.2019 {@»



CONCLUSION

= STAR has extensively studied production of open-charm mesons in heavy-
ion collisions utilizing the Heavy-Flavor Tracker

= The HFT allows direct topological reconstruction of hadronic decays of
open-charm mesons

= The topological selection criteria are optimized using the TMVA
= Improvement of significance of D* mass peak for p; < 4 GeV/c
= Improvement of D* raw yield extraction

= The D* nuclear modification factor is consistent with that of D°

= D% and D* mesons are significantly suppressed at high-p. in central Au+Au
collisions

= The c quarks interact strongly with the QGP
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BACKUP
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SYSTEMATIC UNCERTAINTIES

= Raw yield vs. fit function
= Bin counting vs. fit

= Cuts variation
= Manual for rectangular cuts
= +30% in signal efficiency in TMVA
= Calculate invariant yield with varied cuts
= Compare to analysis cuts
= Take larger value (tight vs. loose cuts) as a sys. err.
= Fit all sys. err. points with a linear function — take this as sys err.

= Tracking efficiency systematic error
= Variate nHitsFit from 20 to 25
= In data and in embedding
= Double ratio vs. py
= Used pions from embedding as a reference
= Same procedure as used for D°

Jan Vanek: D meson production at STAR 12.04.2019 {@»



RAW YIELD EXTRACTION — NEW

D?* signal is extracted from Krim
invariant mass MS"" spectrum

Background: wrong-sign
spectrum scaled using regions
outside the mass peak

The wrong-sign spectrum is
fitted by linear function

The correct-sign spectrum is
fitted by Gauss+linear using
binned likelihood method
The raw yield Y, is calculated
from parameters of the fit in *30
region

This method will be used for
final results — in progress

Only raw yields with
significance > 3 accepted for
further analysis
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