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Quarkonia in the sQGP

= Debye screening of heavy quark potential
- Quarkonia are expected to dissociate
T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986)

Charmonia (cc):

]/\III \IJ’I XC

Bottomonia (bb):

T=0 0<T<T, Te<T

lllustration: A. Rothkopf
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Quarkonia in the sQGP

= Debye screening of heavy quark potential
- Quarkonia are expected to dissociate

T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986)

Charmonia (cc):

]/\IJI \P ’ ’ X C
Bottomonia (bb):
=0 0<T<T T<T /T (1/r) [fm]

Illustration: A. Rothkopf - | Y(195)

= Sequential melting: Different states - | 3as)
dissociate at different temperatures 1 (2P)
A. Mécsy, P. Petreczky, Phys. Rev. D77, 014501 (2008) 7;2((13'2)
w'(2S)

Quarkonia may serve as sQGP thermometer
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Complications... %

Feed-down

Yo W', B-meson decay to J/y
Yo, Y (2S), Y(2S) to Y(1S) ...

Cold nuclear matter effects

Nuclear shadowing
(PDF modification in the nucleus)

Initial state energy loss
Co-mover absorption

Hot/dense medium effects

Coalescence of uncorrelated
charm and bottom pairs.

AA

Model:
X. Zhao, R.Rapp, PRC82, 064905 (2010)

Data:
PHENIX, Nucl.Phys. A 774 (2006) 747
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Lok prim. w/fte+Bfd — - - primordial w/fte ]
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Complications... i3
. C82, 064905 (2010)
X. Zhao, R.Rapp, PRC82, 5
| -
Feed-down o
) PHENIX, Nucl.Phys. A 774 (2006) 747
" % W, B-meson decay to J/y T
" X Y(2S), Y(25)to Y(1S) ... 1gf Au-Au (200 A GeV) [y[<0.35  0-20%
L6k prim. w/fte+Bfd — - - primordial w/fte ]
[+ = regeneration « =+ Nuc. Abs. b
= Cold nuclear matter effects 4 total . — - Nuc. Abs. w/fte |
. 41-2“ primordial [0 PHENIX ]
= Nuclear she_\doyvmg < L T T ]
(PDF modification in the nucleus) * o5} P S .
= |nitial state energy loss 06 L7 [ -
. 0.4 =5 - g .
= Co-mover absorption A e 3
0' - | ,\l'\-;-'T"~l_._L PN R BT B
- 3
= Hot/dense medium effects Pl ey,

= (Coalescence of uncorrelated
charm and bottom pairs.

Contribution of different effects is not well understood
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Measurements at STAR %

= A wide variety of J/y measurements
= Different species
d+Au —> cold nuclear matter (CNM) effects
Au+Au, U+U - hot plasma effects, different energy densities

= Energy scan
- Change relative contributions

= High-p; J/y
—>"turn off” regeneration and CNM effects

= Measure Y

» Predictions suggest negligible recombination and co-mover absorption
at RHIC energies

Y states provide a cleaner probe at RHIC

= Difficult measurement: Low production rate
Requires good acceptance and specific triggering



ECT* Heavy Quarks ‘15 Quarkonia in STAR, R. Vértesi 7

RHIC/STAR

= Reconstruction: Solenoidal Tracker At RHIC : -1< N<1,0<¢p<2n
J /LIJ -S> ete- (Bee ~ 6%) @ : Barrel EtectroMagnetic Calorimeter :
Y > ete” (Bee ~ 24%) l/ Time Projection Chamber /‘ ::'E:RI\ u Time Of Flight J
\ N

(? Beam Beam Counter }

w— g
S|
» TPC e

= dE/dx PID

= Large acceptance,
uniform in a wide
energy range

= TOF
= PID using flight time

4% 1} ) - -
\ = ’ & ‘. B oo
= BEMC LN e
g )% ',::; osx%nDetector

D |
L I

= High-py trigger § lo sl [ erpesoed

= PID using E/p < R ey
and shower shape 4 R Ep

» VPD g BEMC |
= Minimum ool W oS0 ]

15 2

b|aS events - Momentum (GeVi/c) Momentum (GeV/c) % .”"‘"E . Elp
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J/Y spectra, p+p at 200 GeV

Inclusive JAhp spectra:

= STAR Data:
= 0<p;<14 GeV/c in year 2009
» Good agreement with PHENIX

STAR 2009 EMC : Phys. Lett. B 722 (2013) 55

STAR 2009 MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543
STAR 2005 & 2006: Phys. Rev. C80, 041902(R) (2009)
PHENIX 2006: Phys. Rev. D 85, 092004 (2012)

i

lIIIIIIIIIIIIIIIIllllllllll

p+p — JAp+X, \[s = 200 GeV
® STAR 2009 EMC
v STAR 2009 MB
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Bd’o/(27p_dp_dy) [nb/(GeV/c)’]
3

107 E

10 E

10°F . cem ]
[ [Cldirect NNLO* CS

10°E --- direct NLO CS+CO =
- — prompt NLO CS+CO .
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J/Y spectra, p+p at 200 GeV

Inclusive JAhp spectra:

llllllllllllllllIIIIIIIIIII
5 p+p — JAp+X, \[s = 200 GeV
® STAR 2009 EMC

v STAR 2009 MB

= STAR Data:
= 0<p;<14 GeV/c in year 2009
» Good agreement with PHENIX

STAR 2009 EMC : Phys. Lett. B 722 (2013) 55

STAR 2009 MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543
STAR 2005 & 2006: Phys. Rev. C80, 041902(R) (2009)
PHENIX 2006: Phys. Rev. D 85, 092004 (2012)

i
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o PHENIX 2006
STAR Preliminary

Bd’o/(27p_dp_dy) [nb/(GeV/c)’]
3

= Model comparison: 10° .

= prompt NLO CS+CO: ]

describes the data for p; >4 GeV/c 10° E

= direct NNLO*CS: s j

' high- rt 107 cem

misses high- pr pa - [ direct NNLO* CS N

= Prompt CEM: reasonable 10°E --- direct NLO CS+CO .

description of spectra, but - — prompt NLO CS+CO :
overpredicts the data at p;-3 GeV/c bt o o

oF T T T -

direct NNLO CS: P.Artoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and

J.P.Lansberg private communication

NLO CS+CO: Y.-Q.Ma, K.Wang, and K.T.Chao, Phys. Rev. D 84, 51 114001 (2011) and priv. con
CEM: A.D. Frawley, T Ullrich, R. Vogt, Pys. Rept. 462 (2008) 125, and R.Vogt priv. comm.

Ratio
to CEM
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J/Y spectra, Au+Au at 200 GeV

= J/p spectrum softer than
Tsallis Blast-Wave prediction
» Small radial flow?
= Recombination at low p;?

Tsallis Blast-Wave:
Hydro-inspired freezeout

Particles produced according to a Lévy-
distribution

10° - (a) 0-20% W (b) 20-40% 1
g0 1
~~ 7 .
o 10 !
%) 10° 1

10° '
% o Blast Wave 1
—~ 19°F meSTAR Au+Au - - - Prediction 1
o 10" PHENIX Au+Au — Fit (B=0) .
o) — ——t————+——
> . :
©_10°} (C) 40-60% TR, (d) 0-60% 1
S 10°F N ¥
N 107k
= o1 S 8
c\IZ 10'8:r **

3 10°F eyl

ASTAE GG

1E /sy = 200 GeV p+p

1011!— \I NNI 1 L 0PIHENllx p|+p 1

0o 2 4 6 8 10

8 )
P, (GeV/c)

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/Y spectra, Au+Au at 200 GeV

= J/y spectrum softer than

Tsallis Blast-Wave prediction

= Small radial flow? —

= Recombination at low p;? ’SG

» Viscous hydrodynamics é
= J/yp decouples at 120..165 MeV %" '

= fails at low-p; )

&

= Y. Liuetal. @

= Includes J/yp suppression due to
color screening

» Includes statistical regeneration
= peripheral: initial production
dominates.

central: regeneration becomes
more significant at low p.

0.16
0.14

0.12F

o
—

0.08
0.06
0.04

o
o
N

x10°

(@) 0-60%

Au+Au 200 GeV

(c) 20-40%

(b) 0-20%

(d) 40-60%

| ====|nitial

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

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

Coalescence of charm quarks is needed
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Azimuthal anisotropy (v,)

[32] Greco, Ko, Rapp, PLB595 (2004) 202
[34] Zhao, Rapp, PLB 655 (2007) 126

[35] Liu,Xu,Zhuang, NPA834 (2010) 317¢
[36] Heinz, Chen (2012)

N 03— o~ F
> - + g
s Au+Au 200 GeV l N 3 0_80%
- 1 0.1 Rt
C : = Y
0_ FL 1 ti 0:———-4&9‘ _—— —  —— = ————
» T E
. +‘T F STAR Au+Au
0.1 . Vsyy=200 GeV
- , -0.1~ == initially produced [31]
-0.2F ® 010 % o smmmmmensis coalescence from thermalized c€ [32]
- m 10-40 % F mimimimimim initial + coalescence [34]
-0.3F 4 40-80% maximum non-flow -0 2:_ - 1+ === jnitial + coalescence [35]
i T T S S ) 1 ——— hydrodyrl\amic [36] 1 |
0 2 4 * 2 Gevie) 0 2 4 6 g 10
Phys. Rev. Lett. 111 (2013) 52301 T [31] Yan, Zhuang,Xu, PRL97 (2006) 232301 pT (GeVl/c)

J/y v, consistent with non-flow at p>2 GeV/c

= Unique among hadrons!
= Regardless of centrality
= Thermalized charm quark coalescence does not dominate production
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CEM p+p references for 39 and 62 GeV:

Quarkonia in STAR, R. Vértesi

J/Y R, VS. beam energy

0-60% Au + Au

—

3 N_,, uncertainty
[ 62.4 GeV p + p uncertainty
[ 39 GeV p + p uncertainty

STAR Preliminary

[

'

1

1
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1

1

1

| .

I

1

1

I

1

1

i
III|IIIIII|III|IIIIIII|II[|III|III|III

[ | | T T 1 T | T _ < 2 _L T T
~ 1< I
- ® 200 GeV — 200 GeV theoretical curve Jo¥ 18F
- = 62.4GeV —— 62.4 GeV theoretical curve] "k
— @ be —— 39 GeV theoreticalcurve 1 41 6F o 200Gev
- = 39 GeV [ N, uncertainty . T E
— [ ptp uncertainty 62.4 GeV 14 :_ B 62.4 GeV
- [ p+p uncertainty 39 GeV 5
—  STAR Preliminary [ p+p 200 GeV(statistics) 1.2 % 39GeV
TR TS T oo ooooesoooosssoooseoooooeooooooeooo — 1y
A - 0.8
— 4 0.6} 3 %
— 0.4 :—g %
— 4 0.2F
- I 1 1 I | i i I 1 | 1 1 1 1 | 1 1 1 I | I . o [ L L L

100 200 300 400 0

I\Ipart

Nelson, Vogt et al., PRC87, 014908 (2013)
Theory: Zhao, Rapp, PRC82, 064905 (2010)

Similar suppression in Au+Au at 200, 62.4 and 39 GeV

p+p reference is based on CEM calculations
Large theoretical uncertainty

Consistent with theoretical calculations

Does coalescence compensate for melting?
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U+U: Higher energy densities &

Au+Au Collisions g 1050 STAR preliminary
o
: © ok
Oblate 103k
U+U Collisions 102
F —— 200 GeV Au+Au
% 193 Gev U+U
© 200 400 600
uncorrected dN_, /dn
21.8: """""" I B L L
Prolate | i lop E
B 14 E
RHIC Vs =193 GeV U+U data (2012) “ 12+ « s &« o« o & o -
IF =
- : 0.8 =
" Reach higher N, than in Au+Au i E
0.4_ =
= Provide higher energy density 02 Kikola, Odyniec, Vogt, PRC 84, 054907 (2011) -
: Masw Mohanty Xu PLB 679 440 (2009) ]
ot

L 1 1
0 10 20 30 40 50 60 70

. . g . Centrality [%]
Further test of dissociation-coalescence interplay
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JIg Rya in 193 GeV U+U &

g °F A+A = Jly + X 2.2¢
o g =Y —— Zhao-Rapp 200 GeV oF- B 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 e *  0-60% Au+Au, PLB 772
C o = STAR Preliminary ’
F " AutAu62.4 Gev [ N, uncertainties 1.6F- ¢ 0-60% Au+Au, ArXiv:1310.3563
14— m  Au+Au 39 GeV [ ptp 62.4 GeV uncertainty e
- o [ p+p 39 GeV uncertainty 1.4
12— ® U+U 193 GeV MinBias [ p+p 200 GeV stat. uncert. ) =
- 51.2 —
! C (14 | R LT TTurarey™ “EpRSrRRRe HppRrRaeayaps ... I
0.8 C
0.6 - _
0.4— 0.4 E p+p syst uncertainty
C C o, uncerainty
0.2—STAR Preliminary 0.2 . N::,, uncertainty
— -IIIIIIIIIIIIllIIIIIIIlllIllllllIIIIIIIIIIIIIIIIII
o) I Lo b v b v b Lo bov v by Ly 00 1 2 4 5 6 7 8 9 10
0 50 100 150 200 250 300 350 4OON ) p [GeVIC]
pa

= Nuclear modification factor in U+U similar to Au+Au
= Similar trend in transverse momentum

Note: p+p reference is 200 GeV
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Motivation for high-p+ J/y

= d+Au -2 study of cold nuclear
matter effects

= Ry, = 1 for high py
- CNM effects are small at high-p;

2 T T T I T
18 ® STAR lyl<t d+Au — Jp+X
’ o PHENIX lyl<0.35 (minimum bias)
1.6}~ — EPS09 +o,,_ (3 mb) R
1 .4 | DNCOII —

p+p stat.
Mp+p syst.

m§1-21‘ EIPHEle.i E m@ @ E—i
o] @H@Lﬁg R

0.4

STAR Prgliminary

0.2~ \/syn =200 GeV —
| ] | ] |
% 1 2 3 4 5
p. (GeV/c)



ECT* Heavy Quarks ‘15

Quarkonia in STAR, R. Vértesi

Motivation for high-p+ J/y

= d+Au -2 study of cold nuclear

matter effects
= Rya, = 1 for high py

- CNM effects are small at high-p;

2 T T T | I
18 ® STAR lyl<t d+Au — Jp+X
) o PHENIX lyl<0.35 (minimum bias)
1.6 EPSO09 +o,_, (3 mb) =
[ONg, —
1.4~ p-fpII stat.
| Mp+p syst. —
S 1.2 CJPHENIX.
2, n v
o T T
0.8 [:I —
[ )
0.6 — —
0.4~ STAR Pregliminary N
0.2 = 200 GeV —_
| | | | |
00 1 2 3 4 5
p. (GeV/c)

17

Model:
X. Zhao, R.Rapp, PRC82, 064905 (2010)
Data:
PHENIX, Nucl.Phys. A 774 (2006) 747
2 T T T T T T
sk Au Au (7()() A GeV) |y|<0.35 0-20%
| ¢L— = prim. w/fte+Bfd — - - primordial w/fte |
W Al regeneration * Nuc. Abs. b
' total « =+ Nuc. Abs. w/fte -
1.2 primordial [0 PHENIX ]
1 et T T T T
0.8 R TP .
0.6/ Pl i .
04— T - . . -
. B L_ ;‘ ——— I
0 2 :—_;..-;-!.i:._;f : -1
0_ AR B e - Sy S RO R B A
o 1 2 3 4 5 6 7 8 9
p, (GeV)

= Much less regeneration
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High-p+ J/g in Au+Au

1.8 I I I I I I I

A+A — JY+X @ STARAu+Au

16F ® STAR(p,>5GeV/c)
\/ST"“_QOO GeV 0 PHENIX Au+Au (lyl<0.35)| = CNM effects are small

1.4} Zhao, Rapp
— Zhao, Rapp (p >5 GeV/c)
| Liu et al. | _
< $ ----- Liuetal. (p,>5GeVic) o = Less regeneration
e S I

0.8-[||]\ : 1 = Suppression of high-p;
+J | J/p in central collisions

......... STAR low-p; : arXiv:1310.3563
STAR high-p; : PLB722, 55 (2013)
0.2t | | | | | | | Liuetal., PLB 678, 72 (2009)

0 50 100 150 200 250 300 350 Zhao and Rapp, PRC 82, 064905(2010), PLB 664, 253 (2008)

N PHENIX Phys. Rev. Lett. 98, 232301 (2007)

0.4F YR !@@A@__

part
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High-p+ J/p in Au+Au o

1-8 I I I I I I I

A+A — JY+X @ STARAu+Au

1'6'\/?NN=200GeV ® STAR(p >5GeVlc) -

PHENIX Au+Au (lyl<0.35)| = CNM effects are small
1 4k Zhao, Rapp

—— Zhao, Rapp (p >5 GeV/c)
----- L|u et al.

o AA
(0] —
1 oA
=5
' '

1 = Suppression of high-p
+ | J/p in central collisions

0.6/ E+]
0.4f VRl iﬂ_\@iﬁ_—

--------- STAR low-p; : arXiv:1310.3563
STAR high-p; : PLB722, 55 (2013)
0.2t | | | | | | | Liuetal., PLB 678, 72 (2009)

0 50 100 150 200 250 300 350 Zhao and Rapp, PRC 82, 064905(2010), PLB 664, 253 (2008)

N PHENIX Phys. Rev. Lett. 98, 232301 (2007)

part

High-p; J/y suppression is clearly an sQGP effect
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Y in p+p — baseline

_ 2007\ TTT ‘ rTTT ‘ TTTT ‘ TTTT ‘ rTTT TTTT TTTT TTTT TTTT \\\\7
n L]
Q. o i
> 180/ o n @1 = p+p Y cross section vs.y,
g %00 sy =200Gev :
3 160 Y(15+28+35) — I Avogt - compared to pQCD
B - STAR PHENIX NLO pQCD CEM | . .
Q 140; Y PP ¢ pp pp E pred|Ct|0nS
:‘P: 1200 @® dAu/1000 () dAu/1000 i dAu /1000 E R. Vogt, Phys. Rep. 462125, 2008
+ - .
2 100" Phys.Lett. B735 (2014) 127 -
2 aof .
= %F "y E
B gg%a ]
40? @‘% ]
: &3% .
20? o, k* i
: Lo <¢>\ L “v:k;

I 4 F’ T \T IANVA ‘ L1l ‘ L1l ‘ L1 ‘ L1l ‘ L1l ‘ 1|
-%.5 2 15 -1 -05 0 05 1 15 2 25
yY
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Y in p+p — baseline and pQCD test

200 T T T T T T T .
190 o oo cey @1 = p+p Y cross section vs.y,
g0l (19+25+38) — 11 . Vot compared to pQCD

r STAR PHENIX NLO pQCD CEM

predictions

R. Vogt, Phys. Rep. 462125, 2008

1401 e pp ¢ rp iHipp
120 @® dAu/1000 () dAu/1000 il dAu/1000

100 Phys.Lett. B735(2014) 127

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

80

PT/\ |1 ‘ L1 ‘ L1 ‘ 11 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1
0
T \\HH‘

- - Y(1S+2S+3S) <
60— 10%E Y STAR, p+p, lyl<1.0
a0l S - @ CFS, p+A
- ST 3*%%% —~ [ m E605, p+A
20— 6 e A™ oY A CCOR, p+p
714?’T‘T\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘<>’\VGTG\!V';;;: "10 szog’p+p
-%5 2 15 1 05 0 05 1 15 2 5 -
v, >
©
} 10 STAR Preliminary
n ,
. - = O R806, p+
= p+p Y cross section, o | S uat o
| /\ CDF, p+p
compared to world data trend 1 o CMS, pp
- —— NLO CEM, MRST HO,
i m=4.75 GeV/c?, m/u=1
\\\\\\‘ \\\\\\‘ I |

10° /s (GeV)'”’
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Y R,,, — CNM effects o

N
\

dAu

« o STAR R,,, (15+25+3S) o 1 ® Models include
g Or STAR p+p Syst. Uncertaint ] ] ]
S S y ] * Gluon nPDF (Anti)shadowing
C_}_l1.6§ N\ Shadowing, EPS09 (Vogt) ] o
2 r Energy Loss (Arleo, Peigne) 1 = |nitial parton energy loss
—~1.4 — Energy Loss + EPS09 —
12 1= Indication of suppression at
\\\\\\\\\\ N . . .
1 -~ | mid-rapidity beyond models
o i
0.8\% \\\ {
& N
o :
0.4 -
7\ L1 ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ 1111 ‘ L1l ‘ 1111 ‘ L1l ‘ 1111

Phys.Lett. B735 (2014) 127

Rya, = 0.48 £ 0.14(stat) £ 0.07(syst) £ 0.02(pp stat) £ 0.06(pp syst)

ly[<0.5



ECT* Heavy Quarks ‘15

Quarkonia in STAR, R. Vértesi 23

Y RdAu — CNM effects S0

5 27\ T ‘ FTTT ‘ FTTT ‘ FTTT ‘ FTTT ‘ FTTT ‘ FTTT ‘ FTTT ‘ FTTT ‘ 1T \7
e STAR R,,, (1S+2S+3S) (b) -
nl1.8— . ]
g L STAR p+p Syst. Uncertainty _
& [ —5— PHENIX ]
q 1.6~ 2.\ Shadowing, EPS09 (Vogt) ]
5”_ B Energy Loss (Arleo, Peigne) ]
1.4 Energy Loss + EPS09 —

1.2 .

0.6§

0.4

= STAR data consistent with E772

—r
al
—
1
o
[$)]
o
o
(3]
=
—h
(3]
N
=< N

Phys.Lett. B735 (2014) 127

despite difference in energy

Models include
* Gluon nPDF (Anti)shadowing

» |nitial parton energy loss

Indication of suppression at
mid-rapidity beyond models

Phys.Lett. B735 (2014) 127

1-27 T T T T 1T T‘ ‘
AN o o a
S| 2 f (a)
o< 1.1
N B
<[> T
o o
ole |
< 0.9 ¢ %r) i
§ ¢
0.8
0.7
- O E7721S (pA), |, = 40 GeV, 0<y<1.05
0.6~ | | E772254+3S (pA), |'s,, = 40 GeV, 0<y<1.05
" ' STAR 1S (dAu), {/sy, =200 GeV, lyl<1.0
0.57 1 1 1 L1 11 ‘ 1 1 1 1 L1 11 ‘
2 10 10?

Mass Number (A)
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Raa : Y(1S+2S+3S) and Y(1S)

- Y(15+25+38) |y|<1
:_ B Au+Au ys,,=200 GeV [JAu+Au centrality integrated
:_ |:|p+p stat. uncertainty |!|common norm. syst.
- t +
- Phys.Lett. B735 (2014) 127
T | | | | | | | | - | 11 | | | 11 | | I | | |
0 100 200 300 400
. Npart
Peripheral Y

consistent with no suppression

Central Y
significant suppression

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

—III|III]IIIlIIIlIII|III|III|III|III|III

Y(1S) |y<1|
W Aut+Au \[sNN=200 GeV [JAu+Au centrality integrated

|:|p+p stat. uncertainty Iilcommon norm. syst.

Phys.Lett. B735 (2014) 127

o

| I
100 200 300 400

Npart

= Central Y(1S):

indication of a suppression
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Y Rpp @ AutAu vs. U+U

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

@ U+U s, =193 GeV O U+U centrality integrated

W Au+Au 1|'sNN=200 GeV [JAu+Au centrality integrated

|:|p+p stat. uncertainty Dcommon norm. syst.

.................................................. H
T

STAR preliminary

—IIIIIII|III|III|III|II[|III|III|]II|III

lllllllllllll[lllllllll

0 100 200 300 400

part

N
Peripheral Y
consistent with no suppression

Central Y
significant suppression

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

—IIIIIIIlIIIlIIIlIII|III|III|III|III|III

T(1S) ly<1|
e U+U \[SNN=193 GeV
B AutAu s, =200 GeV [JAu+Au centrality integrated

O U+U centrality integrated

|:|p+p stat. uncertainty Dcommon norm. syst.

STAR preliminary

| I | I | I | I 11 1 | I | I I 111

o

100 200
N

300 400

part

= Central Y(1S):
significant suppression

New U+U data confirms and extends Au+Au trend

25
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Y R,y : data vs. models

2 2

- Y(1S+2S+3S) |y|<1 - Y(1S) |y<1|
180 @U+U s =193GeV O U+U centrality integrated 1.8 @U+Uy5,=193 GeV O U+U centrality integrated
N - EAutAu ys, =200 GeV [JAu+Au centrality integrated
1.6~ mAu+Au \s,,,=200 GeV [JAu+Au centrality integrated 1.6~ [@p+p stat. uncertainty [Elcommon norm. syst.
- . ~ 7~ Strickland model A Strickland model B
1.4 Dp+p stat. uncertainty  [[Jcommon norm. syst. 140 weL lu-Cher model
- 7 Strickland model A Strickland model B C
1.2~ 1.2~
- - JPI G N« s N A
- o T
- 08F
~ 0.61-
~ 0.4
- - 0.2 -
~  STAR preliminary ~  STAR preliminary
l_ | | | | | I | | | | | | | | | | | | | | | | | | I I | | | | | | | | | | | | | | | | | | | | | | |
: 0 100 200 300 400 : 0 100 200 300 400
Npart Npart
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 = ick. Zh R

heavy quark free energy (disfavored) * CNM effects included
= Strong binding scenario
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Y R,y : data vs. models

C Y(1S+2S+38) |y|<1
@ U+Uys, =193 GeV O U+U centrality integrated
B Au+Au ys, =200 GeV [JAu+Au centrality integrated
|:|p+p stat. uncertainty Dcommon norm. syst.

fi?f}ff Strickland model A Strickland model B

‘Rapp SBS model

STAR preliminary

—III|IIIIIII|III|III|III[III|III|III|

|
0 100 200
N

300 400
part

2

1.8

1.6

1.4

1.2

0.6

0.4

0.2

Y(1S) |y<1|

o uU+U \,’sN =193 GeV O U+U centrality integrated

B Au+Au ys, =200 GeV [JAu+Au centrality integrated
[Op+p stat. uncertainty [lcommon norm. syst.
- Strickland model A

Strickland model B
=i=| ju-Chen model

STAR preliminary

—III|IIII[II|I[I|II[|IIII]II|[]I|II]|III

| I | | 11 | | 11 1 | | | I | |

O

100 200

N

300 400

part

Suppression indicates Y melting in a deconfined medium

However: CNM effects have to be understood
= RHIC 2015 p+Au run
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Y Ry, : RHIC & LHC comparison &

2r -
18:— Y(1S+2S+3S) |y|<1 - Y(1S) |y<1|
B @ U193 Gev I AuAU Y5200 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 C - .
-6 [Op+p stat. uncertaintj y [Jems normiliz:tion o 1.6 - CMS M‘z-m TeV |y|<2.4 |:|p+p stat. uncertainty
1.43_ Dcommonnorm.syst. DPHENIXnormalization 1.45_ DCMS normalization Dcommon norm. syst.
1.2F 1.2
- S N IS S .. o
o 1 o 1F
0.8 : 0.8
0.6 + 0.6
C L -
0.4 . [E 0.4
0.2~ - 0.2 -
~ STAR preliminary ~  STAR preliminary
OT|||||||||||||||||||||||| OT[||1||1||1||1|||||||||||
0 100 200 300 400 0 100 200 300 400
Noar PHENIX, Phys.Rev. C87 (2013) Noar

CMS, Phys. Rev. Lett 109 (2012) 222301

= LHC and RHIC suppressions are comparable at high N, ,

N .+ dependence of Y suppression appears weaker at the LHC

Is suppression driven by energy density?

- Note the uncertainties and y-range, however
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<
n:< 1.2~ STAR Inclusive Quarkonium Measurements
_ Au+Au, |sy, =200 GeV, lyl<1
1 o e e o e e e e e e e e e e m e m e mm e m
0.8 - I
0.6— Jhp, p_>5 GeV/c ‘ ‘L 5(11 (?0)/
L _100° : - )
- 0-10% Centrality [ Centrality
0.4
B Y (2S+3S), 95% limit
- 0-60% Centrality
0.2—
- Au+Au
0 L 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
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Excited Y states in Aut+Au %

Phys.Lett. B735 (2014) 127

Binding Energy (GeV)

Central Au+Au:

= Excited states Y (2S)
and Y(3S) consistent
with complete melting

* Y(1S) suppression is
similar to high-p; J/p
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Excited Y states in Au+Au Fol

Phys.Lett. B735 (2014) 127

n::tt 12~ STAR Inclusive Quarkonium Measurements Central Au +Au
[ Au+Au, |s,, =200 GeV, lyl<1
1_ .............................................................................

I = Excited states Y (2S)
o3~ and Y (3S) consistent
a L Y(1S) : :

& L it Hotoe with complete melting
0.4——
: 0-60% Contrality " Y(1S) suppression is
o2 Au+Au similar to high-p; J/p
00_ - I0.12I | I0.|4l l l0.16l I I0.|8I - 1| - l1.12l l l1.4

Binding Energy (GeV)

Y suppression pattern supports sequential melting
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Excited Y states — LHC comparison @

1 4 T T T | T T T | T T T | T T T | T T T | T T T

Phys.Lett. B735 (2014) 127 = . 7

< d Z014) o [ CMS Preliminary 0-100%

e 12[" STAR Inclusive Quarkonium Measurements 1.2~ PbPb \Syn = 2.76 TeV ]

"~ Au+Au, |'s,, =200 GeV, lyl<1 - 5

T S Prompt w(25) (6.5 < p, <30 GeV/c, Iyl <1.6) -

B C¥  T(3S) (ly| < 2.4), 95% upper limit i

0.8/ | ;L 08 % r(28) (ly| <2.4) B

B B Prompt J/w (6.5 < p_ < 30 GeV/c, |y| < 2.4) 7]

- Y(1S) B . ]

L JAp, p_>5 GeV/c ‘ ]

0.6 A .

N 0-10% Centrality | 0-10% 0.6/ Y(18) (lyl<2.4) i

- Centrality - |

C - Y(1S) -

04— 0.4 { S) —

B Y(2S+3S), 95% limit . n Jhy ]

= 0-60% Centrality 0ol S 5 |

0.2 2~ y(29) Y(2S) —

: Au+Au 9 Y(3S) & _

0 B 1 11 | 1 | [ L [ | 1 11 | | | [ 1 0 . I I 1 I | 11 | 1 | 1 | | 11 | | | | | 11 1 |
0 0.2 0.4 0.6 0.8 1 1.2 14 0 0.2 0.4 0.6 0.8 1 1.2

Binding Energy (GeV) Binding energy [GeV]

= RHIC Vs,,=200 GeV Au+Au and
LHC s =2.76 TeV Pb+Pb collisions:
Similar suppression of central Y(1S)
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Outlook: Muon Telescope Detector

JIY—u* U (BR~6%), Y »>p*u(BR~2.5%)

= No y conversion
» [ess Bremsstrahlung = better resolution
= Less contribution from Dalitz decays

= Trigger capability for J/y
in central A+A collisions

Reconstructed J/p peak Jhp prOJected stat errors Y projected stat. errors
| .
T e 141 09"+, 20 b AusAu,0-20% T« f G pa 2008 Aushu
S0 Run 13 p+p @ 500 GeV Iy <065 o PHENLX, PRL 2007 < T
- N 1.2~ . st PLB 2013 B B ® Yo
a0F —Unllke-5|gn . - . i B ves
30; ----- Likesign | 1——+—+¢ + e * 08~ == —_—
E -e-Signal 1 é 0 8__ __ oei @ V(1S425435)-¢e, lyl<0.5
1 S08 1 s
0.6 %J [P H - . + + + ° + + ;
L i 0.4j
H‘ HHE 0.4__ |E E| 1 __ 0.2i + + + + + +
° IV?S (Gewcef) 0.2 % ] i
_.| | I I | [ 1._ GTH‘\HH\HH\‘H‘\HH\HH\HHM
% 1 2 3 5 1 0 0 50 100 150 200 250 300 350
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Outlook: Muon Telescope Detector

= No y conversion Ty
= Less Bremsstrahlung = better resolution ll
= Less contribution from Dalitz decays , ,
¥ e _‘ —
i

= Trigger capability for J/y
Run14 data with full MTD - being analyzed

in central A+A collisions

Reconstructed J/p peak Jhp prOJected stat errors Y projected stat. errors
| :
T ] 147 608" prp. 200" AuvAu 020% 1 0 oo, 2 v
S0 Run 13 p+p @ 500 GeV Iy <065 o PHENLX, PRL 2007 < T
: BRI 1.2 o smur pLB 2013 7 O s
a0F —Unllke-5|gn . = . B e
S | S Like-sign | 1T——o—¢ + T ¢ M & Y@
-e-Signal E mg 0.8 N 0.6; (IK @ Y (1S+25435)¢"c, lyl<0.5
0.6 i [}] H — L + + + + + + +
L i 0.4j
Poeghoarg g | 1 F bbb 4
° M, (Gewcef) 0.2~ % ] B
_.| | | | | | | | | P i P S N I AR IR
% 1 2 3 5 10 0 50 100 150 200 250 300 350
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Summary i

J/yp BES: similar suppression in central 39, 62.4 and 200 GeV data
—> altests to the role of regeneration

Collective behavior of J/y: no strong v,, radial flow observed
- thermalized cc-coalescence not dominant in production

Hot medium effects: Significant suppression of high-p; J/y, and
similar Y (1S) suppression in central A+A collisions

* Y'(2S) and Y (3S) suppression is stronger than Y (1S3)
—> clear signal of melting in a deconfined medium

» Y suppression in most central collisions similar to LHC
CNM effects: Y suppression in d+Au has to be understood

U+U measurements: similar suppression patterns to Au+Au
» Suppression of central Y(1S) confirmed
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Summary i

J/yp BES: similar suppression in central 39, 62.4 and 200 GeV data
—> altests to the role of regeneration

Collective behavior of J/y: no strong v,, radial flow observed
- thermalized cc-coalescence not dominant in production

Hot medium effects: Significant suppression of high-p; J/y, and
similar Y (1S) suppression in central A+A collisions

* Y'(2S) and Y (3S) suppression is stronger than Y (1S3)
—> clear signal of melting in a deconfined medium

» Y suppression in most central collisions similar to LHC
CNM effects: Y suppression in d+Au has to be understood

U+U measurements: similar suppression patterns to Au+Au
» Suppression of central Y(1S) confirmed

Stay tuned for new great results with MTD
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J/Y In p+p — polarization

Quarkonia in STAR, R. Vértesi

o I L L L L LR L B
< o8EP?P ™ JAp+X %  STAR data, lyl<t E
“E Vs =200 GeV e  PHENIX data, lyl<0.35 ]

0.6} lyl<t /1 com —

04 — ) SN ppror
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e PR e I eSS S X IR IR IR IR

S SRR X
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37

2<pT<6 GeV/c

STAR+PHENIX
consistent with NLO
+CSM

= Higher statistics
needed to discriminate

p+p 500 GeV results
will improve precision
for future CNM
calculations



ECT* Heavy Quarks ‘15 Quarkonia in STAR, R. Vértesi 38

J/Y spectra, p+p at 500 GeV

1c
=~ LI L I LI I L LI L LI LI F = =
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* up to p;=20 GeV p, (GeV/c)
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J/y x-scaling

107 =
'\G E = ® STAR p+p 500GeV, this analysis
> 4016 o O STAR p+p 200GeV, PLB722, 56 2
® 10"°L : P+P ’ ' d“o n
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> - . A
O n r'y
S 10" E'j‘
g" 2 .y 200 GeV:
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= : o W, n=56%0.2
8 ol 0%, Phys. Rev. C 80, 041902 (2009)
Lo : “;3 « Breaking of scaling: transition to
10" £ *& soft processes
10 o 500 GeV:
g _ » X-scaling present
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Upsilons in p+p 500 GeV

700 —
i STAR Preliminary
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STAR Preliminary

p+p — T+X,

s = 500 GeV

| |

0
= Precise measurements

2 4

» Uncorrected spectra so far
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