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Why to Study Quarkonia

*to learn about thermal properties of QGP

% Quarkonia are expected to dissociate due to Debye
screening of heavy quark potential (rp & 1/T) phys.Lett. 8178, 416

Charmonia (cc):

" /v, v’
4 ’ XC
o> _
Bottomonia (bb):
Y(19), Y(2S), Y(3S), X &
T=0 T<T
T < T, Tz 3T,
:I:I]:I:[[U | Phys. Rev. D77, 014501
VX Y xpYx, W Y %Y’ Y

% pQCD test (cc production)
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How to Study Quarkonia - Effects To Be Addressed

% Production mechanism in elementary collisions still unclear

% Feed-down:

— prompt: W(2S) and X (40%)
— non-prompt: B mesons (up to 25% at 12 GeV/C, puys. Lett. 8722, 55)
— around 50% of Y(1S) comes from de-excitation enys. rev. Lett. 84, 2004

% Cold Nuclear Matter Effects (CNM Effects)
2 :

— (anti-)shadowing,
Cronin effect,

nuclear absorption

% Hot Nuclear Matter Effects
—regeneration
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st How to Study Quarkonia - Measurements at STAR

Y J/P measurements (J/Pp—ete-, B.R. 6%)
— in d+Au: CNM effects

— in Au+Au, U+U: Hot nucl. matter effects, different
energy densities

— at various energies (BES): changes relative
contributions

— at high-pt: regeneration and CNM effects
suppressed

% Y measurements (Y—=e+e-, B.R. 2.4 %)

regeneration predicted to be negligible at RHIC energies

Low production cross sections at RHIC energies -
requires specific triggering
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The STAR Detector
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Sy The STAR Detector

EEVC Jll Magnet B MTD Jll BEMC
\‘ " i\ N

* VPD:
minimum bias
trigger
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st The STAR Detector
EEMC BEMC

* VPD:
minimum bias
trigger

q' TPC:

particle
identification,
momentum
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st The STAR Detector
 Magnet B{ MTD TOF
At 4 N

- ‘—-—-[‘-.J.L._x

\
7" 4

* VPD:
minimum bias
trigger

TPC:

particle
identification,
momentum

TOF:

particle
identification
(time resolution 110 ps
in p+p, 87 ps in Au+Au)
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The STAR Detector

*
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BEMC

RHIC AGS Users Meeting 2015

*

VPD:
minimum bias
trigger

TPC:

particle
identification,
momentum

TOF:

particle
identification
(time resolution 110 ps
in p+p, 87 ps in Au+Au)

BEMC:
high-energy
trigger, electron
identification

MTD:
muon
identification




Electron Identification
~TPC-PID

; ct t fromTOF
/6= L fromTPC/:

a v oo

criterium of PID
2
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Electron Identification
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Electron Identification
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Electron Identification
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J/W pt spectra in p+p
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W(2S) at 500 GeV

Constrain Y(2S) feed-down contribution to inclusive J/{ production

a2 L
E oounhke - like
a W(z — Linear + Crystal ball
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First measurement of (y(2S) / J/yp) ratio in p+p at 500 GeV
Consistent with other experiments
No collision energy dependence observed
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J/W spectrum softer than
Tsallis Blast-wave prediction

J/W pt spectra in Au+Au
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STAR low-p; Au+Au, CuCu : arXiv:1310.3563

high-p; Au+Au: Phys.Lett. B722, 55 (2013)

high-p; Cu+Cu : Phys. Rev. C 80 (2009) 041902
PHENIX: Phys. Rev. Lett. 98 (2007) 232301
Tsallis B-W: Z.Tang et al., Chin.Phys.Lett. 30, 031201 (2013)
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J/W spectrum softer than
Tsallis Blast-wave prediction

J/W pt spectra in Au+Au

Hydro (viscous)

Initial+Regen (Y. Liu)

J/W decouples at 120-165

MeV
fails at low pr

Includes J/W supression
due to color screening

Includes statistical
regeneration

peripheral: initial

production dominates

central: regeneration
becomes more significant

at low pr
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(b) 0-20%

I (d) 40-60%

| ===+ |nitial

= =1 Regeneration
L = |nitial+Regen.
=='Hydro T=120 MeV
B Hydro T=165 MeV

6 8 2
P, (GeV/c)

Y. Liu et al., Phys. Lett. B 678, 72 (2009)
U. W. Heinz and C. Shen (2011), private communication.




s J/W Azimuthal Anisotropy (v2)

% consistent with non-flow for pr> 2 GeV/c
% unique among

hadrons > 0.35 Au+Au 200 GeV
% regardless of 0.2 3
centrality 0.1E
% thermalized of 1 ' i
charm quark : 1 +
coalescence -0.1;— [)
does not 02 ® 0-10%
dominate “E = 1040 %
production -0.3— 4 40-80 % maximum non-flow
T 1 | 1 1 L | 1 ] L | 1 1 1 | L 1 1
0 2 4 6 8 10

p_ (GeVl/c)
Phys. Rev. Lett. 111 (2013) 52301 T
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Sir J/W Raa In BES

0-60% Au + Au

1 N_,, uncertainty
[ 62.4 GeV p + p uncertainty

[ 39 GeV p + p uncertainty
STAR Preliminary

LIl lIllllllllllllll[llllllllllllll

<<t 2 - ! ! ! ! | ! ! ! ! ! ! ! ! | | ! 1 < 2 T T T
14 1.8 F m 200 GeV ——— 200 GeV theoretical curve JX 1.8 -
- — 62.4 GeV theoretical curve] B
1.6 " 624 GeV —— 39 GeVtheoreticalcurve 1 16 o 200 Gev
= ® 39 GeV 1 N, uncertainty . T E
1.4F [ p+puncertainty 624GeV {1 41 4F = 624 Gev
- [ p+p uncertainty 39 GeV -
1.2 STAR Preliminary [ p+p 200 GeV(statistics) 1 1.2F ¢ 39Gev
] B § @M M = I | S—
0.8 P - 0.8
0.6 = L S %
0.4 0.4 _%? B
0.2F 4 02
o : L L L Il | Il L 1 1 I 1 1 1 L | L 1 I : 0 T L L L
0 100 200 300 400 0
Npart

CEM p+p references for 39 and 62 GeV:
Nelson, Vogt et al., PRC87, 014908 (2013)
Theory: Zhao, Rapp, PRC82, 064905 (2010)

|
10

P, (GeVic)

% Similar suppression in Au+Au at 200, 62.4 and 39 GeV
% p+p reference was based on CEM calculationn
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s J/W Raa in U+U at 193 GeV

s 2F 2.2
(N A+A = Jiy + X —— Zhao-Rapp 200 GeV 2F- ®  0-80% MB U+U
- = Au+Au 200 GeV — — Zhao-Rapp 62.4 GeV C ® 0-60% HT U+U
16 e Zhao-Rapp 39 GeV 1.8 - %  0-60% Au+Au, PLB 772
= e -  STAR Preliminary ’
- " AutAu 624 GeV [0 N, uncertainties 1.6E- ¢ 0-60% Au+Au, ArXiv:1310.3563
14— wm  Au+Au 39 GeV [ ptp 62.4 GeV uncertainty i o
- o 1 p+p 39 GeV uncertainty 1.4F
1.2 ® U+U 193 GeV MinBias ] p+p 200 GeV stat. uncert. E
C 51 2
! C 14 | T TTorueytyey ™ “SYRPRTRPRRY PR R R Cl.... I
0.8 E] =
m 0.8F- i
0.6 = -
- 0.6 - g () z
0.4— 0.4 % p+p syst uncertainty
C = o, uncerainty
0.2 —STAR Preliminary 0.2 - N::,, uncertainty
O:lllllIlllllll[lll[lll[llllIllllll[lll[lll[l oo- l;.l lél ; 4I I ! "7'""81""6""10
0 50 100 150 200 250 300 350 400 p [G GVIC]

part

% Similar to Au+Au
% Similar trend in pt
% In U+U collisions, we reach higher Npart and energy density
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1.8

1.6 ® STAR (p >5 GeV/c) .
Isw=200GeV O olieNix AusrAu (Iyi<0.35)
1.4F Zhao, Rapp
—— Zhao, Rapp (p >5 GeV/c)
1o e Liu et al.
“l m @ === Liu et al. (pT > 5 GeV/c)
<
o L N
0.6} RN [+]
— IR e
0.4f M i@@l@_ -
0.2t 1 I 1 1 1 1 @ =
0 50 100 150 200 250 300 350
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David Tlusty RHIC AGS Users Meeting 2015

High-pt J/W Raa in Au+Au

A+A — Jhp+X @ STARAu+Au

% CNM effects
negligible

% Less regeneration

% Suppression in
central collisions

= clear QGP effect

STAR low-p; : arXiv:1310.3563

STAR high-p; : PLB722, 55 (2013)

Liu et al., PLB 678, 72 (2009)

Zhao and Rapp, PRC 82, 064905(2010), PLB 664, 253 (2008)
PHENIX Phys. Rev. Lett. 98, 232301 (2007)
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B

Y(1S+2S+3S), B,.. xdo/dy (pb)

David Tlusty

Y in p+p - Baseline and pQCD Test

200J\\\‘H\\‘H\\‘H\\‘\H\ TT T T[T T T T[T T T T[T T T T [TTTT]
] 0: STAR (a) 1
8 Y(1S =223003csi;a L er E
- Y(1S+2S+ — 1"l .
160 R. Vogt .
C STAR PHENIX NLO pQCD CEM |
140; % PP ¢ rp iipp B
- @ dAu/1000 <> dAu /1000 i dAu /1000 s
120 -
Joof. Phys.Lett. B735 (2014) 127 E
80— =
60| .
- ' AN .
40— e AN -
B g*‘? ) g%g% _
20? »;f;gi v-“'wﬂgv g ‘ i\iﬁ ]
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yY

= p+p Y cross section,

5

p+p Y cross section vs. Yy,

compared to pQCD
predictions

R. Vogt, Phys. Rep. 462125, 2008

compared to world data trend 1

- Y (1S+2S+3S) 0
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T
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- O CMS, p+p
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| ‘ |
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: Y(1S+25+3S) and Y(1S) in Au+Au and U+U

2 2
Y(18+25+3S) |y|<1

1(18) |y<1|

180 gu+u \S\=193 GeV O U+U centrality integrated 1.8~ @U+U\5,=193 GeV O U+U centrality integrated
W Au+Au ys,,,=200 GeV [JAu+Au centrality integrated

1.6 B Au+Au {5, =200 GeV [JAu+Au centrality integrated 1.6 @p+p stat. uncertainty [[lcommon norm. syst.

14 [p+p stat. uncertainty ~ [[lcommon norm. syst. 14 77 Strickland model A _I_fitl:'_%izr;dnr:;%flﬂ B

7 Strickland model A Strickland model B
1.2

0.6

0.4

0.2

STAR preliminary

llIllIllllllllIllllllll 0

I
0 100 200 300 400

STAR preliminary

lll]lllllllllllllllllll

RAA
-
—IIIIllIIIlIIIIIIlllllllllllllllllllllll

O

100 200 300 400
Noart Npar
Strickland, Bazov, Nucl.Phys.A 879, 25 (2012)  Liu, Chen, Xu, Zhuang, Phys.Lett.B 697, 32 (2011)
= No CNM effects, 428<T<443 MeV = Potential model, no CNM effects
= Potential model ‘B’ based on = T=340 MeV, only excited states dissociate

heavy quark internal energy E K. Zh R
= Potential model ‘A’ based on merick, A0, RaApPP, Eur.Phys.J A48, 72 (2012)

heavy quark free energy (disfavored) * CNM effects included
= Strong binding scenario
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Y Raa: RHIC vs LHC

2 2
Y(1S+2S+3S) |y|<1 Y(1S) |y<1|
180 @uiuys, =193 cev B AuAU {52200 GeV 180 @u+U |5,,=193 GeV B Au+Au |5,,=200 GeV]
o= CMS Pb+Pb 2.76 TeV |y|<2.4 PHENIX Au+Au 200 GeV |y|<0.35 ,
4= CMS le =2.76 TeV |y|<2.4 +p stat. uncertaint
16 Dp+p stat. uncertainty DCMS normalization 1.6 NN ly| El ptp Yy
14 [l common norm. syst. [T]PHENIX normalization 14 |:|CMS normalization .common norm. syst.

1.2

RAA
-
—IIIIIIIIIIIlIIIIIIIlIIIIIIIIIIIIIIIllII
RAA
-
—IIIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.8 E 0.8
o6 | ' 4 0.6
4+ U
0.4 = L 0.4
n w L

0.2 . 0.2 .

STAR preliminary STAR preliminary
0|||||||||||||1|||||||||| 0||||||||||||||||||||||||

0 100 200 300 400 0 100 200 300 400

Noar PHENIX, Phys.Rev. C87 (2013) N

CMS, Phys. Rev. Lett 109 (2012) 222301
% comparable at high Npart
% Npart dependence appears weaker at LHC
= |s suppression driven by energy density?
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Y(2S5+3S) Raain Au+Au

Phys.Lett. B735 (2014) 127

<
f:.:<t 1.2~ gTAR Inclusive Quarkonium Measurements
_  Au+Au, |s,, =200 GeV, lyi<1
1 L e o e e e e =
0.8 ]
0.6 [ Jhp, pT>5 GeV/c ‘ ‘L gq (?0}
L _10° . - (-
- 0-10% Centrality | Centrality
0.4 -
B Y (2S+3S), 95% limit
- 0-60% Centrality
0.2—
- Au+Au
0 B l | | | 1 | I 1 1 | I 1 | | I | | 1 I | 1 1 | | 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Binding Energy (GeV)

% consistent
with complete
melting

* Y(1S)
suppression

similar to J/W
suppression

Y suppression pattern supports sequential melting
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RHIC AGS Users Meeting 2015

17



s#  Outlook: Muon Telescope Detector

% No gamma conversion
% Less Bremsstrahlung
= better resolution

% Less contribution from Dalitz
decays

% Trigger capability

Jhp prolected stat errors.
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STAR Summary

% p+p: First measurement of W(2S) in p+p 500 GeV, prompt CEM
describes data well

% J/Y BES: similar suppression in central 39, 62.4 and 200 GeV data
=attests to the role of regeneration

% Collective behavior of J/: v2 consistent with non-flow for pr> 2GeV/c
% Hot medium effects:

% Significant suppression of high-pT J/{ andsimilar Y(1S)
suppression in central Au+Au collisions

% Y(2S) and Y(3S) suppression is stronger than Y(1S)
= clear signal of melting in a deconfined medium

% Y suppression in most central collisions similar to LHC
% U+U measurements: similar suppression patterns to Au+Au
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o

SR Summary

% p+p: First measurement of W(2S) in p+p 500 GeV, prompt CEM
describes data well

% J/Y BES: similar suppression in central 39, 62.4 and 200 GeV data
=attests to the role of regeneration

% Collective behavior of J/: v2 consistent with non-flow for pr> 2GeV/c
% Hot medium effects:

% Significant suppression of high-pT J/{ andsimilar Y(1S)
suppression in central Au+Au collisions

% Y(2S) and Y(3S) suppression is stronger than Y(1S)
= clear signal of melting in a deconfined medium

% Y suppression in most central collisions similar to LHC
% U+U measurements: similar suppression patterns to Au+Au

Stay tuned for new great results with MTD
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Thank you
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