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Particle identification at STAR
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Muon telescope detector (MTD)

MTD

Jy Y e+e (B.R.5.9%)
- Y g*e (B.R.2.5%)

Multi-gap Resistive Plate Chamb@viRPC)
technology

Precise timing< 100 ps
Accurate hit position 4 cm (intrinsic)

Dimuon trigger improveslow p;J&
measurement precision

Luminosity sampled byhe dimuontrigger:




Heavy Flavor Tracker (HFT)

IST & SSD: Silicon pad/strip detectors
Fast signals to remove pileup
14 cm and 22 cm from beam

PXL 2 layers of silicon pixel (MAPS)
> Low material budget,0.5% * X, (2014)
Excellentresolution
Pitch20.71 1x20.71 |
2.8 cm ands cm frombeam
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Open heavy flavor

Produced early>experience
the entireevolution of the
system

Masshierarchy:

Energyloss mechanisms:
radiativevs. collisional

Thermalizationin medium is
massdependent: Are charm anc
bottom quarks thermalized?

Comparedifferent charm
hadron yielddo study
hadronizationprocess
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DY reconstruction with HFT

Topological reconstruction a@“
with HFT . o oe<scoue -
D”(E)—}KTFJI:(BR 3.89%) E ZZ?'. e unlike-sign :
cT =120 um S LE O E
~4 ordersreductionof 5 op :
combinatorialbackground 3 F _aoomevens —
cuts optimized using TMVA z— w1 | | "l““—';
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Invariant mass M, GeV/c?

2010+2011 2014
# events (MB) 1.1 billion ~900million

Sig./bill. evts 13* 220

*_. Adamczyk et al. (STAR PRL113 142301
arXiv:1701.06060




Elliptic Flow of D°
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Comparison to models
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Values for the diffusiocoeff. extracted from
models and compared to STAR data

Agree with models with charm diffusion
coefficient of 2-5 at T, and temperature
dependentrangeof ~2-12 at T. to 2 T

Consistentwith Lattice calculations

SUBATECHpQCD+ hard thermal loop
P. B.GossiauxJ. Aichelin, TGoussetand V.Guiha SQM
TAMU: T-matrix, nonperturbative modelw. internalenergypotential
M. He, R. J. Fries, and R. Rapp, PRC86, 014903 (2012)
Duke: free constanDs,fit to LHChigh-p; Rya
S. Cao, GY. Qin, and S. A. Bass, PRC88, 044907 (2013)
hydro: 3D viscous hydrodynamioodel
L.-G. Pang, YHatta, X-N. Wang, BW. Xiao,PRD91, 074027 (2015)
PHSD PartonHadronString Dynamics, a transport model
H. Berrehrahet al. PRC90 (2014) 051901
LBT: A Linearized Boltzmann Transpariodel
S. Cao, T. Luo, GY. Qin, and XN. Wang, PRC94, 014909 (2016

Lattice: H.T.Dinget al., Int. J. Mod. Phys., E24, 1530007 (2015

D. Banerjee et al., PhyRev. D85, 014510 (2012). 11




Triangular Flow of D°
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D* production
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DS

production

:_ Au+Au @ 200 GeV,0-80% —Right-Sign
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Studyof hadronizationmechanism
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107"
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[ Aut+Au @ 200 GeV -+ 0-10% |
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PYTHIA

Fragmentation

0o 2 4 6 8

Transverse Momentum P, (GeV/c)

TAMU: H. Min et al. PRL 110, 112301 (2013
M Lisovyi, et. al. EPJ C 76, 397 (2016)

Strongenhancement oflO/C ratio over PYTHIA
TAMU model underestimates data in5-3.5 GeVE

No strong centrality dependence observed
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A, production

FirstL . reconstructionin A+Acollisions
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B - production

B/DY e

L

=

| Secondary
o', Vertex

5

Primary Vertex \""A

DCA

Separate measurements of ¢ and b energy losses in tt
medium.
Three ways of measuring B production at STAR
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- production
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Rz\ A

B - production

)

iy

e

X

| Secondary
4 Vertex

‘/‘ Primary Vertex \ﬁ;
DCA
B T T | rrrr ‘ LI | TIrrr I LI | T I‘I.I | LI \‘l \‘I L | T I__I T T ‘ T 1T | LI | rTrrr | LI I T I.I. T | LI I“ I‘I T T | T I__I T T ‘ T 1T | LI | rTrrr | LI I T I.I. T | LI I“ I‘I T T | TT
| AutAu (5o = 200 GeV STAR Prc*l:mmm:r T AwtAu {5og =200 Gev STA I: P;-g!::mmn-_rl- T Autau {5 =200 Gev STAR Preliminary ]
 0-80% @ BNy (n-ﬁn #/FONLL) | g 100, ® B-D'(0-20 /::IFOT\LL)” 0-80% B—e |
O inclusive D O @ inclusive D O D—e
i -« DUKE : B—JAy o e DUKE : B—D’ T DUKE : B—e |
Q §) + ----- DUKE : promptd’ | e DUKE : D—e

S Ty . ——— § S ——
% e R N ] R
- ¢ " ij ?F! E% - $ S D |
[ ¥ ? gt _ j"k _
02+ ] ptp uncertainty IL T Tt § i

FONLL B—JAy uncertainty FONLL B—D" uncertainty Rﬁf\p * uncertainty
\Il\l\l‘ll\lll]llll\I\l\lllll\I\l\II\llll\I\‘I\I\lllllll\l\ll\llllllll\II‘II\IlII\I\‘I\I\lllllll\l\ll\llllllll\I\Il_lll\llll

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Transverse Momentum (GeV/c)

A Suppression observed Brl * T ¢ DOAT A
A B->eis less suppressed thdh>e @A effect)

L0620 ‘26 O "A9Y 'sAud :3xNa

(9T02) 92111 ‘966 V "SAUd ‘[oNN'sAud
T0EZYT (PTOZ) STT "N91 'A8y "sAud



Open heavy-flavor summary

Largenon-zero DY v, andv; exhibiting strong collectivédehavior
suggesting charm quarthermalizationwith the medium

Large suppression d° andD* at highpy
stronginteractions betweercharm quarksand themedium

First measuremnt oL *_ production in heawycollisions

Enhancemenbf L*./D°andD*,/DP ratioswith respectto PYTHIA
Ratios comparablewith light hadrons
Hadronizationof charm quarksiacoalescence

B production measured via@/iD° and electron decay channels200 GeV Au+Aucollisions
Consistentwith mass hierarchy in energy logs %>3 %
Suppressiorof BY * 7 w ¥ D%in high p; region
More high statistic data need for Bottom measurements

Outlook: 2016 Au+Audata 2B MB events and nb (5 times 2014 data) highp; electronsample
ondisk
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Quarkonia as a probe of QGP

Large masses of ¢, b quarks Quarkoniafamily:

created during initial stages of collision cc: M h .S&6h 9
b-b: = (15), = (25), ~(3S)...

Due to color screening of quaintiquark potential
In QGPguarkonium dissociation is expected

H. Satz, Nucl. Phys. A (783):2680(2007)

Jhy
; T/T, 1/({r) [fm]
Y(1S)
T=0 O<T<TC TC<T lllustration: A.Rothkopf T/(1S)

Xb'(zp)

% (1P)
Y'(35)
w'(2S)

Suppression determined by medium temperature
and binding energy.

Sequentialsuppressionof different quarkonium

statesis eXpeCted A. Mocsy, EPJ C61 (2009) 705
20



Other effects

Quarkoniumproductionmechanism is not well

understood.
Observed yields are a mixture oifrect production
+feed-down X. Zhao,R.Rapp PRC82, 064905 (2010)
DirectJK (~60%) +feeddown 80%c, & ~10%¢C 6
B-hadron decay .  STARarXi:1607.07517
Hot/dense mediuneffects TUL meeeacne g i
Coalescence from uncorrelated charm pairs. 1? — primordia Ws24 GeV p + p uncertainty
0.8~ ---Regeneration  [JJ39 GeV p +p uncertainty N
Suppressiorandenhancementt I OE A OF  osf Comaiv:o-20% -
medium 0af @ -
PDF modification in nucleusshadowing/ant 02f- ________________ E
shadowing, color glass condensate R
Initial state energy loss 10’ 0 Gev)

Nuclear absorptiorg break up of bound state
precursor by collisions with passing nucleons Measure* T & different Py, iN

Dissociation by interaction with eanovers in final different colliding systems, and
state collisionenergies

21



JIQ in p+p at 200 and 500 GeV

C\'l_| rr r r rr | rr | r | rr | rr | I: 1 02§I T ITT I T | TTT | T TT | TTT | T | T TT I T | T I T |§ (T) [Z 8
—_ — S = m
S 10 P+p \s=200GeV : p+p @ 500 GeV 1 =299
8 —&— Run15 lyl<0.5 (dimuon) E 10& e STAR Jly—e'e, |y|<1, = = ;ZU ;ZU
= 1 —— Run12 lyl<1 (dielectron) — _E (bln Center) 3] L Q QO
2 3 3 == 1 ROH
= 1: | CGC+NRQCD ] 1F e STAR J/y—pu*u, |y|<0.55 sYg
_ 1071 i NLO NRQCD — - — 3 «Q Q
% = A I ICEM Ma & Vogt 3 - ) (mean pT) R = (:—/3 &
o F \ ] 107 £ CGC+NRQCD 2= 389
T 102 Ay E g E= NLO NRQCD 3 gaoi
NO - Yy = 3 :|072_? m* o ?— ©® %
2'_1 0L mW— - S —— STAR preliminary E b 3 S
o = y 3 n - ] BT
E = ! . -3 . S m ¥
g 1074 E |H|\|\|H E 10 g_ n.:.J —g &R viZY
= = Ty 3 = e- . PESER
X f iy ] 1 ~dl u N aR
10°E iy, = 10 - " E 'g =
- Uy ] i ¢t 1 & 2
_ I 5L - Z
10° E STAR Preliminary m”””‘”l\l\u\lu 10 g * 3 = g
L L | L | L | e | e | L1 | | — | —— | . 1 0_6 _I 11 | L 11 | L1 1 | | I | L1 1 | 111 | L1 1 | I 11 I L1 | [ ] L1 1 |— w %
0 2 4 & 8 10 12 14 16 0 2 4 6 8 1012 14 16 18 20 22 2
H

p. [GeV/c]
* ¥pfoduction crosssection measured over wide, range inp+p200 and500GeV  P; [GeVic]
Dimuon channelz extending kinematic reach to low; at 500 GeV
Agreement withdielectronchannel

CGC+NRQCRE NLO NRQCD describe data abavéeV/c

NRQCDncludesdirect and feeddown fromexcited states

ImprovedCEM model describe®o GeV datawell at lowp;
Includes direct production only
Dataare above ICEM calculation &5 <p; <12 GeV/c 22



JIQ in p+p at 200 and 500 GeV

1 028 B % STAR p+p 500 GeV
1 027 = o, @ STAR p+p 500 GeV
& = 'o...~ @ STAR p+p 200 GeV
Q 24? .. CDF
S 10°°F %, UA2
8 = o. UA1
S} - ° O PHENIX
S 1021:: - \".:.. \. ..o. ISR
c i o, . FNAL
18l m ALICE
cOC)_1 0 [ L .'.. m ATLAS
O i " L * m CMS
<109 3 ’ ‘
o) [ x10%(n=6.6)
L i O 0 00gp
610"
=~ B p(n=6.6)
o 10%
(\D — )
w -
210 Jhp(n=5.6)
1 31 \\\H‘ | | \\\\H‘ | | \\\\H‘
%.001 0.01 0.1 1

XT=2 pT/ \@ PRC80, 041902(2009)

pr>5GeV/cz* Fpfoduction follows the x scaling of crossection
at midrapidity, with n ~5.6.
X scaling breaking transition from hard to soft processes
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JIw R, 5, at 200 GeV

First Jy R,,,measurement at RHIC

(\'I_I 10_5 T | L [ L ] LI | LI ;
Q) : Vs = 200 GeV E PHENIX, PRC 87 (2012) 034903
> 051 NN ] STARd+Au, PRC 93 (2016) 064904
S ?%% e STAR p+Au lyl<0.5 (dimuon) 3 2r
= R . - 1.8 * STARR,, IyI<0.50-100%  §TAR Preliminary
%‘._10 % % e STARd+Au (x %) Iyl<t E - STAR Global uncertainty
o f L Nea - 16" o PHENIX R,,, lyl<0.35 0-100%
S 108 NPHA E - PHENIX Global uncertaint
‘:z“' g e —0— PHENIX d+Au (x Ngﬂm) lyl<0.35 ] 14~ W unce y
o = coll N -
Zl_.l 079 = = =) E 1.2 —
= - = — ~
S ol = B | ; Y Gla
g v o.a% Uncertainty
=11 | [ H
10 ¢ 0.6 UF
1 0—12 L - 0.4 :_
g STAR Preliminary : 0.2
10—13 b v v b b by by [0 - | | | | |
0 2 4 6 8 1 0 1 2 1 4 1 6 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[GeVic) % 2 4 6 8 10
Py p_[GeVic]

Roau IS consistent with unity at higpand is less than unity at lop+

Roau IS consistent witlR,,, within uncertainties
Bit of tensionat p;3.517 5 GeV/c with a significance af4s

Suggestsimilar CNM effects in these collision systems
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I:‘pAu

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

JIw R, 5, at 200 GeV

-~ STARR_,, Iyl<0.5 0-100%
I STAR Global uncertainty

= Ry, NDSQ + 0,
Il | Il Il Il | Il

EPS09+NLO, Ma & Vogt, Private Comm.

NCTEQ, EPS09+NLO LansbergShao,
Eur.Phys.d C77 (2017) no.1, 1

Comp. Phys. Comm. 198 (2016) 2389
Comp. Phys. Comm. 184 (2013) 2583270

Ferreriro et al.,FewBody Syst 53 (2012) 27

STAR Preliminary

0%
RPRRK
REX

obal Uncert ail

Ryau NCTEQ15 Lansberg & Shao

Rya, EPSO9NLO Lansberg & Shao

R,ay EPSO9NLO Ma & Vogt

b.
L ||

4 6 8

Models with onlynPDFeffectsareon the upper limit of thelata
Large global uncertainty

Datasuggest additionahuclear absorption on top afPDFeffects

S=4.2mb Ferreiro et al.

P. [GeV/c]



JIY in Au+Au at 200 GeV

E x10°
-3 Au+Au @ 200 GeV 2 r
10 ’ = ® 0-60%x10 § | STAR preliminary AusAu @ 2?0 Gev
C [=] L~142 nb
- 30_
10° = STAR preliminary * 0-20% ° - Pr >0 GeV/e 1y y,,1<0:5: Py, > 0 GeVie
5 [® i ey N,;, =24935, S/B = 1:28.6
10 B 20-40%/5 - Significance =21.90
20—
107 + 40-60%/10 -

T

-

o
4

10— o Unlike-sign pairs (x 0.15)

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

_ ;  — Like-sign pairs (x 0.15)

108 ? — Mimed—evepn: (x 0.15)

1 10® = o _
m 10-10% _I-Izlsl 1 Izlsl 1 1 é 1 1 |3|2| 1 |3|4| 1 |3|6| 1 |3‘8
=  Open: Jiy—e'e, lyl <1 g ’ . - : o

107 Filled: Jp—u*, Iyl <0.5 Di-electron: M, [GeV/c']

192~ oWt (=0) STAR PLB 722 (2013) 55
-13 C [T R N T T N N N T NI A AN N A N N N AN NN RN STAR PRC 90’ 024906 (2014)

107, 2 4 6 8 10 12 14  Tsallis BlastWave

pT (GeV/c) Tang et al., PRC 79, (2009) 051901(R)
FirstmidOADEAEOU | AAOOOAAUAduIlisiorEvia T ¢ UE
the di-muon channel for0 <p; <15 GeV/c at RHIC

Consistentwith the published delectron results using010 data over the

entire kinematic range
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JIY R, — centrality dependence
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B g
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Centralcollisions
suppression for bothp; >0 GeV/c andp;>5GeV/c

Peripheralcollisions:
larger suppression foip; >0 GeV/cthan for p:>5 GeV/c

likely coldnuclear matter effects
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JIY R,, comparisonto LHC

ALICE : PLB 734 (2014) 314
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CMS: JHEP 05 (2012) 063

~ % STAR: Au+Au, |s,, =200 GeV, lyl <0.5, p_>5 GeV/c
— m CMS: Pb+Pb, |s =276 TeV, lyl <2.4, p,> 6.5 GeV/c
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pr>0GeV/cmore suppressedhan LHC in centragéventsz regeneration
pr>5GeV/clesssuppressedhan LHC in altentralities- temperature effect

Transport models - dissociationand regeneratioreffects
pr >0 GeV/c: both models can describe centrality dependence at RHIGebdto

overestimate suppression atHC

p;>5 GeV/c: both models can qualitatively describe data
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Upsilon measurements

-cleanerprobe compared tay .
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50
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at RHIC:£,.~800t b>> £, ~(3:2)t b

Excited states: expedcequential
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Y cross-section in p+p collisions
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Y in p+Au collisions at 200 GeV
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Y in Au+AuU collisions at 200 GeV
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Y suppression
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(19: more suppression towards more central collisions

(2S5+3S)/(19: (2S+33moresuppressedthan (19 iIn
the 0-10% central collisionssequential melting
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~ (ADRpA ~ (23S)R,4

CMS: arXiv:1611.01510

(1S): similarsuppressiorat the RHIC andtthe LHC
(25+3S): hint of less suppressiorRiIC

For both more suppression towards central collisions

34



