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Probing the sQGP with quarkonia

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

T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986) B
Charmonia (cc):

J/'v, ¥v’, x.

Bottomonia (bb):

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

lllustration: A. Rothkopf
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Probing the sQGP with quarkonia

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

T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986) B
Charmonia (cc):
]/\IJI \lj ’ XC

Bottomonia (bb):

T<T T/Te  1/(r) [fm]

lllustration: A. Rothkopf Y(1S)

IIIII)

J/y(15)

= Sequential melting: Different states

dissociate at different temperatures 1 (2P)

A. Mécsy, P. Petreczky, Phys. Rev. D77, 014501 (2008) xc((lP))
Y'(3S
¥'(2S)

Quarkonia may serve as sQGP thermometer
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Complications...

» Nuclear shadowing

(PDF modification in the nucleus) _ ;4

» [nitial state energy loss
= Co-mover absorption

Hot/dense medium effects

= (Coalescence of uncorrelated
charm and bottom pairs

Feed-down

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

<

A4

PHENIX: PRC 84 (2011) 054912
ALICE: PRL 109,072301 (2012) _

1.2

O
E=N
T I T I T I I I

m ALICE (Pb-Pb {5, = 2.76 TeV), 2.5<y<4

® PHENIX (Au-Au \sy, = 200 GeV), 1.2<|y|<2.2  global sys.= = 9.2%
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Complications...

= Cold nuclear matter effects

= Nuclear shadowing PHENIX: PRC 84 (2011) 054912
(PDF modification in the nucleus) _ ;4 ALICE: PRL 109,072301 (2012).

T -~ - ALICE (Pb-Pb {5y = 2.76 TeV), 2.5<y<4 lobal sys.=  12%

. Inltlal state energy IOSS & 1.2 :PHENIX (Au-ArJysT,N=200 GeV),1‘2y<[y|<2‘2 Egl;!obal s))//s.=:9.2%

= Co-mover absorption

= Hot/dense medium effects 0.8}
= Coalescence of uncorrelated 0.6 m ;
charm and bottom pairs - L : |
0.4 + B %
= Feed-down 02 * ¥ s 4w
" Xo W', B-meson decay to J/y 0050100150 200 250" 300 350 400
" %, Y(2S), Y(2S)to Y(1S) ... Number of participants

Contribution of different effects is not well understood
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Experimental approach: Ry,

= p+p collisions: Reference system and pQCD benchmark
= d+A, p+A: Understand cold nuclear matter effects

= A+A: Hot medium effects on top of those
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Experimental approach: Ry,

= p+p collisions: Reference system and pQCD benchmark
= d+A, p+A: Understand cold nuclear matter effects
= A+A: Hot medium effects on top of those

Measuring the nuclear modification factor

1 dN, /dy

R =
YN AN T dy

Some other measurements and observables (not covered)
= Collectivity (azimuthal anisothropy v,, radial flow)
= Polarization measurements
= Production in ultraperipheral collisions
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Turning the knobs

Collision energy: 39, 62.4, 200 GeV

- Change relative contributions of dissociation and recombination

System size/asymmetry: Au+Au, U+U; d+Au, Cu+Au ...
—> Change relative contributions of hot/cold effects
- Test sequential melting at different energy densities

Centrality

—> Tune hot matter effects via path length

= Rapidity and momentum
- Tune CNM and regeneration effects

Charmonium vs. Bottomonium states

- Test sequential melting
= J/y is abundant but prone to various “disturbing” effects
= Y is much less affected by regeneration and co-mover absorption
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RHIC

RHIC: Broad physics program

Heavy ions: Au+Au, Cu+Cu, U+U,
Vs\n=7.7-200 GeV

Polarized protons up to Vs = 510 GeV
Asymmetric systems (d+Au, Cu+Au)

3
i
’

>

Alternating
Booster T Gradient

Accelerator .Y - —Synchrotron

4 \‘| ! | ]
Tandem
Van de Graaff

Tandem-to-
Booster line /
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RHIC/PHENIX

RHIC: Broad physics program
= Heavy ions: Au+Au, Cu+Cu, U+U,
Vs\n=7.7-200 GeV

= Polarized protons up to Vs = 510 GeV
=  Asymmetric systems (p+Au, d+Au, Cu+Au)

/
L7
/’A/
./

Alcernating

Gradient

A Pioneering High Energy Nuclear lon eXperiment i =Syehretran

Van de Graaff

Central arms: |y|<0.25, Ag = (2 x 11/2)
I, Y =2¢'e

= DC, PC: dE/dx identification

1 = RICH, EMCal: Electron ID

I
@u K Forward arms: 1.2<|y|<2.2, Ap = 21T
I, Y 2
=  Muon tracker and Muon ID



Balaton Workshop ‘15 Quarkonia in STAR, R. Vértesi 11

RHIC/STAR

RHIC: Broad physics program

= Heavy ions: Au+Au, Cu+Cu, U+U,
Vs =7.7-200 GeV

= Polarized protons up to Vs = 510 GeV
=  Asymmetric systems (d+Au, Cu+Au)

~l o s

/&TR B J;It:er“rbw-ating
H Booster FE AN Gradient
The Solenoidal Tracker at RHIC Ammalomaren WM Svachrotnon

Time Projection Chamber
= |D via energy loss (dE/dx)
= Momentum (p)

Barrel Electromagnetic Calorimeter
= Electron ID and energy

- Full azimuth coverage
- Uniform acceptance

ly|<1
I, Y 2¢'e

© Maria & Alex Schmah
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RHIC

RHIC: Broad physics program

= Heavy ions: Au+Au, Cu+Cu, U+U,
Vs\n=7.7-200 GeV

)
/

= Polarized protons up to Vs = 510 GeV AL /,
=  Asymmetric systems (d+Au, Cu+Au) Qe TN
Alcernating
. Booster \ Gradient
The Solenoidal Tracker at RHIC Ameslensean AN Sunchratnon

Time Projection Chamber

= |D via energy loss (dE/dx)

= Momentum (p)

Barrel Electromagnetic Calorimeter
= Electron ID and energy

- Full azimuth coverage
- Uniform acceptance

Both experiments:
continuous improvements

to meet evolving physics goals
New subsystems for enhanced PID,
rates, coverage...

NN

© Maria & Alex Schmah
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Do we understand J/y in p+p?

Inclusive Jhp spectra
= RHIC Data at 200 GeV:

= 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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Do we understand J/y in p+p?

Inclusive Jhp spectra

= RHIC Data at 200 GeV:

= 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)

* Model comparison:
= prompt NLO CS+CO:

describes the data for p; >4 GeV/c

= direct NNLO*CS:
misses high- p; part

» Prompt CEM: reasonable description
of spectra, but overpredicts the data

at p;~3 GeV/c

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.
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“backward” “forward”
= d+Au: Cold Nuclear Matter effects Aneta lordanova | - oo %d ~~~~~ @ ~~~~~~~ -,
PHENIX: PRL 107, 142301 (2011) > 14
§=1.z—— Ieln )
C _ ¢ |®
= Forward-backward asymmetry 1= E ‘
0.8 - Oin [¢] a
06— ﬂ B E| ®
F g D
041 :; o Jiyin deAu aty5,,=200 GeV (< 1N_,) ]
C : Global Scale Uncertainty +5.3% o=
0.2 e J/yin p+p at\ s,,=200 GeV '
E Global Scale Uncertainty +10.1%
3 2 a4 o0 1 2

<w
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d+Au: J/w Ry, Vvs. rapidity

= d+Au: Cold Nuclear Matter effects
PHENIX: PRL 107, 142301 (2011)

= Forward-backward asymmetry

= More suppression in “forward” (d-
going) than in “backward” (Au-going)
direction

= CNM Model: Nuclear shadowing
+ final state ccbar break-up:

Eskola, Paukkunen, Salgado,
JHEP 04065 (2009)

» Reasonably describes minimum bias
Raa VS. Y

= Note: does not model centrality
dependence very well

16

“backward” “forward”
Aneta Iordanova | ... Q.. ». . B -
v z
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C Global Scale Uncertainty +10.1%
C 1 | 1 l
g |
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o 091
0.8—
0.7
0.6
0.5 —e— Jiyat\s, =200GeV ..
E Global Scale Uncertainty + 7.8% "=
0.4}~ — EPS09 and 6, =4 mb
- = = Gluon Saturation
0.3 1 1 1 1 | 1 Il 1 l LA Ll l | l
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Cu+Au: hot and cold matter effects

= Asymmetric suppression

PHENIX: PRC 90, 064908 (2014)

= Suppression in “backward” (Au-going)
direction comparable to Au+Au

= Even stronger suppression in
“forward” (Cu-going) direction

AA

Nuclear Modification Factor, R

17

Cut+An sNN—?_OO GeV (gl. sys. 7.1%)

o1.2<y<22

AutAu s =200 GeV (gl. sys. 9.2%) |

0 —22<y<—12

7

1 1 | 1 1 1
300

200

Number of Participants
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Cu+Au: hot and cold matter effects

= Asymmetric suppression
PHENIX: PRC 90, 064908 (2014)

= Suppression in “backward” (Au-going)

direction comparable to Au+Au

= Even stronger suppression in
“forward” (Cu-going) direction

* CNM model: Nuclear shadowing

+ final state ccbar break-up

Nagle, Frawley, Levy, Wysocki,
PRC 84, 044911 (2011)

= Qualitatively describes data
= No hot effects included

Consistent with stronger low-x gluon
suppression in Au than Cu

Cu-going/Au-going

18
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) 10 ............................................................................................................................................................... —
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; 1.2 J/‘lf—>llll ¢ Run 12 CutAu —_
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Au+Au J/y Ry, vS. beam energy

STAR mid-rapidity

é 2 : T T 1 T I 1 | T T 1 1 I T 1 1 T | :
22 1.8 m 200 GeV —— 200 GeV theoretical curve ]
- 62.4 GeV —— 62.4 GeV theoretical curve]
1.6 " 4 e —— 39 GeV theoretical curve -
n m 39 GeV [ N, uncertainty .
1.4 [ p+p uncertainty 62.4 GeV

- . [ p+p uncertainty 39 GeV

1.2 STARPreliminary  —— p.p 200 GeVv(statistics)

E 1 1 il 1 I 1
0 100

300
CEM p+p references for 39 and 62 GeV:

| I 1 1 I L
200 40|(\)|

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

» Both at mid- and forward rapidity

part

b3 Theory n R4(200 GeV) PRC 84, 054912 (2011)
(a 200 Ge Global sys.= = 9.2%
= gg g:x ° R,(62.4 GeV) = PHENIX data/Our estimate
= Global sys.= = 29.4%
1B A R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= =+ 19%
10-1:_ """--..._---::::::jjj:"::::::::::::::::::
- Direct (x0.5)
_ Regeneration (x0.5) __ ... ... -
10'2II']’IIlb‘r'l‘ll-.l-lllllllllllll|l|||lllll|ll|l
0 50 100 150 200 250 300 350 400

PHENIX forward rapidity

Au+Au Npart
PHENIX: PRC86, 064901 (2012)

= p+p reference is based on CEM calculations - Large uncertainty
» Consistent with theoretical calculations

19



Balaton Workshop ‘15 Quarkonia in STAR, R. Vértesi 20

Au+Au J/y Ry, vS. beam energy

STAR mid-rapidity PHENIX forward rapidity
::: 2 L ] p:! Theory [ R,,(200 GeV) PRC 84, 054912 (2011)
14 1.8F ® 200 GeV — 200 GeV theoretical curve ] (a 200 Ge Global sys.= = 9.2%

u ——— 62.4 GeV theoretical curve] > 62 GeV ° Raa(62.4 GeV) = PHENIX data/Our estimatel
1.6 " 62.4GeV —— 39 GeV theoretical curve S 39 Gev G?;bm sys.= = 20.0%

- m 39 GeV [ N uncertainty . 1B A Rxa(39 GeV) = PHENIX data/FNAL data
14 1 p+p uncertainty 62.4 GeV Global sys.= = 19%

- . [ p+p uncertainty 39 GeV
1.2 STARPreliminary  —— by 200 Gev(statistics)

Saa
o
LAY

E 10_1:_ .""'---.::::::::::“."'”::!::::::::::
3 E Direct (x0.5) "
— _ Regeneration (x0.5) _ __ ... ...
0 : L L L L I L k k . I L I . I L : 10'2 1 I']"I I 1 b‘r'l“l..l-'l 11 | 11 1 I | - | | - l 111 | | 1111
0 100 200 300 400 0 50 100 150 200 250 300 350 400
CEM p+p references for 39 and 62 GeV: Noart Au+Au Npart
Nelson, Vogt et al., PRC87, 014908 (2013) PHENIX: PRC86, 064901 (2012)

Theory: Zhao, Rapp, PRC82, 064905 (2010)

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

» Both at mid- and forward rapidity
= p+p reference is based on CEM calculations - Large uncertainty
» Consistent with theoretical calculations

Does coalescence compensate for melting?
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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
1.8
1.6
1.4
1.2
-}
=4
o 1
o
0.8
0.6
0.4

0.2~ \/syn =200 GeV —
| | | |
00 1 4 5

T T

e STAR lyl<1

o PHENIX lyl<0.35
EPSO09 +o

D NCoII
p+p stat.

p+p syst.
JPHENIX.

[ abs

(3 mb)

d+Au — Jp+X

(minimum bias)

21
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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~ — EPS09 +o,_,_ (3 mb) =
[ONg, _
1.4~ p-fpII stat.
| Mp+p syst. —
S 1.2 CJPHENIX.
3 =T 0
o | T T
o.s ° D -
0.6 — —
0.4~ STAR Pregliminary N
0.2 200 GeV —_
| | | | |
00 1 2 3 4 5
p. (GeV/c)

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

Data:
PHENIX, Nucl.Phys. A 774 (2006) 747

2 T T T T T T T

1 sl Au Au (7()() A GeV) |y|<0.35 0-26% ]
Lok prim. w/fte+Bfd — - - primordial w/fte ]
. 4-_- — regeneration « Nuc. Abs. b
' total - = = Nuc. Abs. w/fte |
. 1.2~ primordial [0 PHENIX ]
< 1 T T TR ]
0.8 P g
0.6F e u ]
04:%:/13——-*;/ By O -
0.2p===T2" T .

Ok P R A\llt'r‘~1_4g1 PR IR

o 1 2 3 4 5 6 7 8 9 10
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/g in Au+Au

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
n '

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

0.6/ [+]
0.4f Vsl i@_\__@xﬂ__

--------- 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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U+U: Higher energy densities

Au+Au Collisions g 1058 STAR preliminary
O
, © 104
Oblate 103k
U+U Collisions 102
= = F —— 200 GeV Au+Au
%F 103 Gev U+U
b 200 @00 600
+ uncorrected dN_, /dn
21.8: """""" AR B B B
Prolate w1 E
S 14 E
RHIC Vs =193 GeV U+U data (2012) “ 12+ « s &« o« o & o -
1 =
. . 0.85— -
" Reach higher N, than in Au+Au i E
= Reach higher N, than in Au+Au 0.4F -
co 0. Kikola, Odyniec, Vogt, PRC 84, 054907 (2011) -
* Provide ~20% higher energy density . Masti, Mohanty, Xy, PLB 679, 440 (2009)

0 10 20 30 40 50 60 70

. . g . Centrality [%]
Further test of dissociation-coalescence interplay
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JIp Ry, in 193 GeV U+U

Nuclear Modification Factor PHENIX, PRC 86, 064901 (2012)
2'2 < [ L T T T T | T T T T | T T T T I T T T T T
, W 0-80% MB U+U < PRSCENDC Jhp—uu
® 0-60%HT U+U I preliminary 1 2<lvl<2 2 7
18F  STAR Preliminary *  0-60% Au+Au, PLB 772 1 okl 2<lyl<2.2 |
¢ 0-60% Au+Au, ArXiv:1310.3563 :

: e U+U S:\N:193 GeV (gl. sys. 8.1%)
T pp reference: {5=200 GeV x 0.964

0 Au+Au SM\.:ZOO GeV (gl. sys. 9.2%) _

ik

p+p syst uncertainty
G, Uncerainty

I N, uncertainty

G IIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllllllllll

0 1 2 4 5 6 7 8 9 10
P, [GeVic]

1 | | |

[=] o
N (-]
[
Lol
Eﬁﬁﬁﬁ'
———F
E——1
|
Nuclear Modification Factor, R
o
n
[
I

L | L T !
300 400
Number of Participants

[
200

= U+U trend generally similar to Au+Au
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JIW Ry in 193 GeV U+U

Nuclear Modification Factor

22 | 0-80% MB U+U E ki ) | | I n
2 - °° Qf. o PH Y ENlX J/l.p —>ll ll
i 0-60°A> HT U+U ~ Il preliminary 12<lyl<2.2 7
1.8 STAR Preliminary * O'SOA) Au+Au, PLB 772 5 1 0 | | . - |
1.6 ¢ 0-60% Au+Au, ArXiv:1310.3563 3 |
[f o U+U 5 =193 GeV (gl. sys. 8.1%)
14 - i ' pp reference: {5=200 GeV x 0.964 |
51-2 g : 1( 0 Au+Au 5, =200 GeV (gl. sys. 9.2%) :
m 1 --------------------------------------------- $- ------------- n---. I 3 — _ '[
Z 0.5 ol |B —
0.8 S =i , .
i‘ ﬁé ? f L I ‘
0.6 m — L L
g I!l z 2 B f ‘ %[I ]
0.4 p+p syst uncertainty = L I I i : : #I i
0.2 o, uncerainty S - r‘ T
) - Nooll uncertalnty ) B _
G LA 1 1 I LAl 1 1 I LA 1 1 I LA L 1 I LA L 1 I IIIIIIIIIIIIIIII I LA L 1l : 0 .0 I | I | ’j | 1 L | L 1 1 | 1
0 1 2 7 s 9 10 ~ 0 100 200 300 400

P, [GeVIc]
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PHENIX, PRC 86, 064901 (2012)

= U+U trend generally similar to Au+Au
» [ndication of weaker suppression in central U+U

Number of Participants

More coalescence in U+U than in Au+Au?
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Y In p+p — baseline
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Y in p+p — baseline and pQCD test

120 R. Vogt, Phys. Rep. 462125, 2008

100 Phys.Lett. B735(2014) 127

A2007\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\

n L]
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=
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Y Rya, — CNM effects

N
\

dAu

e r STAR R,,, (15+25+3S) o 1 ® Models include
g 1.8 STAR p+p Syst. Uncertainty ] ] ]
& [ —4— PHENIX ] = Gluon nPDF (Antl)Shad0W|ng
C_}_l1.6§ N\ Shadowing, EPS09 (Vogt) ] o
2 r Energy Loss (Arleo, Peigne) 1 = |nitial parton energy loss
=14 — Energy Loss + EPS09 —

12 1= Indication of suppression at

) \\\\\\\\\\ n . . .

-~ | mid-rapidity beyond models

o.;\ s | |
0.6§

0.4

25 2 15 -1 05 0 05 1 15 2 25
STAR: 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
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Y Rya, — CNM effects

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

15 -1 05 0 05 1 15 2

<
~,

STAR: Phys.Lett. B735 (2014) 127

despite difference in energy

n

Models include
* Gluon nPDF (Anti)shadowing

» |nitial parton energy loss

Indication of suppression at
mid-rapidity beyond models

Phys.Lett. B735 (2014) 127
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AN o o a
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N B
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o o
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< 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 ‘
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Raa Of Y states in Au+Au

2r C
; 8:— Y(1S+2S+3S) |y|<1 E Y(18) |y<1| STAR
= o [ WAu+Au \s,, =200 GeV [JAu+Au centrality integrated :
1.6 MAU+Au ys\, =200 GeV [JAu+Au centrality integrated | Phys Lett B735 (201 4) 1 27
E E Dp+p stat. uncertainty |:|common norm. syst.
1.4~ c
1-25_ |:|p+p stat. uncertainty |:|C0mm°n nom. eyst. f_ 41 1;\:g 12~ STAR Inclusive Quarkonium Measurements
s F : . - A (= 200 G, Wt
I | ‘ - g | } g
08 : - ‘ “F | s
0sf 7 : E[” oo dmprsseve)d Foton
0'4; + i_ M% T Y(25+38), 95% limit
0.2 - o2l 0-60% Centrality
0|:| covc b v b e gy |:| oo e e b by e e by oo:"‘o‘z"‘0‘4‘“0‘6“'0'8""““‘1‘2‘“14
0 100 200 300 400 O 100 200 300 400 ’ ’ ’ ’ Binding Enérgy (GeV).
Npart Npart
= Peripheral Y consistent Central Y(1S) " Excited states Y(2S) and
] . . .
with no suppression oo ' Y (3S) consistent with
PP indication of a let lti
complete melting
= Central Y shows suppression

significant suppression

Y suppression pattern supports sequential melting



Balaton Workshop ‘15 Quarkonia in STAR, R. Vértesi 33

Raa Of Y states: Au+Au vs. U+U

2 - - —

) 8: Y(1S+2S+3S) |y|<1 C Y(1S) |y<1| L Y(2S+3S) |y<1|
- eU+U VSu=193 GeV O U+U centrality integrated | ® U+U §5 =193 GeV  OU+U centrality integrated |- ® U+U s, =193 GeV O U+U centrality integrated
1.6 T mAu+Au \s, =200 GeV [JAu+Au centrality integrated ||~ m Au+Au |s,,=200 GeV(]Au+Au centrality integrated
4 T mAu+Au |5,,=200 GeV [JAu+Au centrality integrated [ [[]p+p stat. uncertainty ] common norm. syst. L [p+p stat. uncertainty [ljcommon norm. syst.
1.2 Dp+p stat. uncertainty :|common norm. syst. =
- ¢ ; |
m 1 = E ; \_E:ﬂ—l j DR

0.8 :_ L ; : -
0.6

+$

T STAR preliminary
1 | 1 | | | | 1 | I | 1 | 1 | | | | 1 | 1 | 1

- | STAR preliminary

—III|III|IIIIIIIlIIIlIIIIIlII
tot
==
—
I I
——]

STAR preliminary

5 100 200 300 400 o o0 20 w00 w0 00 200 300 40
Npart Npar Npa"‘
= Peripheral Y consistent Central Y(1S): Excited states Y(2S) and
with no suppression Signiﬂiang ) Y(38) consistent with
_ ! complete melting
Central Y shows suppression

significant suppression = Hint of their presence in
U+U collisions

New U+U data extends Au+Au trend — is U+U different?
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Raa Of Y states: data vs. models

Y (1S+2S+3S) |y|<1
@ U+U ys =193 GeV O U+U centrality integrated

W Au+Au m=200 GeV [OJAu+Au centrality integrated
[p+p stat. uncertainty  [[Jcommon norm. syst.
7/ Strickland model A Strickland model B
i Rapp SBS model

Y(1S) |y<1|
e uU+U \jsN =193 GeV O U+U centrality integrated

Y(2S+3S) |y<1|
® U+U\s,=193 GeV O U+U centrality integrated
B Au+Au \s,, =200 GeV [JAu+Au centrality integrated M Au+Au \s,,=200 GeV []Au+Au centrality integrated
[Ep+p stat. uncertainty [Flcommon norm. syst. [Ip+p stat. uncertainty [Elcommon norm. syst.

77 Strickland model A Strickland model B #: Rapp SBS model
==Liu-Chen model

I]llll]wl[!l

—IIIIIIIIIII'IIIIIIIIIII]II][III]IIIIIII

=+ Liu-Chen model

I
—IIIIIIIIIII'IIIIIIIIIII]II][III]IIIIIII
H
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AN @j _H :
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Npart Npaﬂ 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 Emerick, Zhao, Rapp, Eur.Phys.J A48, 72 (2012)
Potential model ‘A’ based on CNM effects included

heavy quark free energy (disfavored) : Strong binding scenario

Suppression indicates Y melting in a deconfined medium
However: CNM effects to be understood = RHIC 2015 p+Au run
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Summary

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 (1S)
— clear signal of melting in a deconfined medium

= Y suppression in most central collisions similar to LHC

J/@ regeneration:
= Larger suppression at RHIC than LHC
= Similar suppression in central 39, 62.4 and 200 GeV data

CNM effects:
= Important role played for J/y and may be important for Y
» Forward-Backward difference in asymmetric systems: nuclear shadowing

U+U measurements: similar suppression patterns to Au+Au
= May be more J/y coalescence in central collisions
* |ndication of Y (2S+3S). Confirmed central Y (1S) suppression



Balaton Workshop ‘15 Quarkonia in STAR, R. Vértesi 36

Outlook: STAR MTD

Muon Telescope Detector
= Qutermost, gas detector

* Precision measurement of heavy
quarkonia through the muon
channel

= Acceptance: 45% in azimuth, |y|<0.5

- Y ro'ecti on STAR Muon Telescope Detector
L projeeton 60 pb”" p+p, 20 ni” AusAu
B @ Y(s)-u'w
0.8 B H YEes)-u'w
B = ¢ Y@Es)-uw
o @ Y (1S+2S+3S)—e’e, lyl<0.5
0.6 —
04— + +
02| P .
‘ * | [ +r [ [
i O 9 ¢ ? ? ? ?‘
o B 1 I 1 I l I 1 l 1 I 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250 300 350
<N pa rt>
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Outlook: STAR MTD

Muon Telescope Detector
= Qutermost, gas detector

* Precision measurement of heavy
quarkonia through the muon
channel

= Acceptance: 45% in azimuth, |y|<0.5

~13.8 nb-! Au+Au data from 2014 — first results out!

A 16
22 L
n Y prOj ection STAR Muon Telescope Detector 1=z [ STAR p+p @ 500 GeV
% I 60 pb”" p+p, 20 ni” AusAu v
- ® V(S -uw 12:_ S JAp—=ptu, pT " >0 GeV/c
0.8 B Yes)-u'w L ke Jiy—ee, Pryy > 4 GeV/c
N = o Y(@S)=u 10
o @ Y (1S+2S+38)—e’e, lyl<0.5 B STAR prehmlnary ¢I
0.6— + + + + 8 — ELJ
0.4 + °F e
- a- T -
o + + " ' Pooe oL e
i B = aau
0 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 _'I'-’I--;--l‘f . L \ | L . I | | | L I | | I L L | | I | L |
0 50 100 150 200 250 300 350 %" ] 2 3 2 5 6
< N > TofMult

<TofMult>
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Outlook: STAR HFT, PHENIX FVTX

* |nnermost, silicon detector subsystems

= STAR HFT (2014) and PHENIX VTX (2011) at midrapidity

= PHENIX FVTX (2012) at forward rapidity

= Highly improved tracking with secondary vertex reconstruction
- Separation of prompt J/@ production and B2>J/yp

STAR Heavy Flavor Tracker PHENIX VTX and FVTX




Thank you!

<<< Talk

Special acknowledgements to
Aneta lordanova
Barbara Trzeciak

Petr Chaloupka

Backup >>>
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J/Y In p+p — polarization

1

< F p+p — J/Y+X STAR data, lyl<i ]
0.8 — =
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1
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arXiv:1131.1621

2
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5 6
p_ (GeV/c)

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
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J/Y spectra, p+p at 500 GeV

1c
=~ LI L I LI I L LI L LI LI F = =
% 3 p+p — J/1p+)l(, \s = 200 IG.eV Ty - X ® STAR p+p 500GeV, this analysis
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J/y X+-scaling

— 1017 =
'\G E = ® STAR p+p 500GeV, this analysis
> 10 - = O STAR p+p 200GeV, PLB722, 56
g = & B UA1 p+ P 630GeV, PLB256, 112
g 10" ;_ . B CDF p+pP 1.96TeV, PRD71, 032001
T .,
B - E 2
S 10" &
a : e
B - r‘:’l:
g, 1013 - -
. oy
O
o 12 | - o
e 10 o
n - -“5
'L”— E e
1011 — C”ﬁ;
wf b4
10 = 3
9 .
10°s  STAR Preliminary
8 )
10 E 1 | | | ) BT I )
102 10

g = g(x1)/(V/5)"

200 GeV:
* high-p; x;-scaling with

n=56+02
Phys. Rev. C 80, 041902 (2009)

« Breaking of scaling: transition to
soft processes

500 GeV:
* Xr-scaling present
down to lower p;
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Experimental approaches

= p+p collisions: Reference system and pQCD benchmark
= d+A, p+A: Understand cold nuclear matter effects

= A+A: Hot medium effects

Nuclear modification Participation in collectivity

1 dN,,/dy
dN . /dy

N

coll

43
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PHENIX dilepton invariant mass

Central arms Forward arms
~— ~ g_ = "L d+Auvs= Gev ' g
:'_—; - . p+p Ns=200 GeV ‘) <().35 < g ’ ’: 60-88% centrality * ]
>10°E ® Measured Yield n S F f; Py <228 ]
D - ) - L 2<y<22 N
O & B Total signal Py - -
D et - - LS JW (D 3 ot + B
" : '*" . < e e -
Eu_,lo3 E— ~ . W - : + :
S s —— Y(15+25+3S) O £ } E
g T '-::. ------- w + o
Z S e T Correlated ¢€ and bb s ¢ + ¢ A
S10°E ' HHHHHDrelI\an ; ;*t:.tf I ) .
= ) L ILAC I WL LN X
: g %: I’LL—' ) vy *r v *r vy -7 " —_:
Y (o) = F : .
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30/June/2015 Aneta Iordanova
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J/Y spectra in Aut+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
—~ 10°F meSTAR Au+Au - - - Prediction 1
o 10" PHENIX Au+Au — Fit (=0) 1
© } } t } t t } 1 :
> 5 ]
S_10°} (c) 40-60% TR, (d) 0-60% 1
S 10°F N 1
N 107k
= o1 S 8
Z 10°F **

3 10°F eyl

R onch o

1f /sy = 200 GeV p+p

1011!- \I NNI 1 1 OPIHENllx p|+p 1

0o 2 4 06 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

46
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J/y azimuthal anisotropy (v,)

> 0.3 Au+Au 200 Gev l
0.2 T
0.15 {*
OE # "]* 'i
0.1 +
- ® 010 %
'0‘2; = 10-40 %
-0.3F 4 40-80 % maximum non-flow
L PO TR AN SR SR N NN SN T S N SR S S L
0 2 4 6 8 10
p. (GeVic)
Phys. Rev. Lett. 111 (2013) 52301 ' T

0.1¢

Ero

-~ y- )
-~ -
A
M

STAR Au+Au

Vs =200 GeV
— Nitially produced [31]

coalescence from thermalized c€ [32]
initial + coalescence [34]
initial + coalescence [35]
—— hydrodyrl\amic [36] 1

— 1 —

1 | 1

0

2 4 6 8 10
[31] Yan, Zhuang,Xu, PRL97 (2006) 232301
[32] Greco, Ko, Rapp, PLB595 (2004) 202 pT (GeV/C)

[34] Zhao, Rapp, PLB 655 (2007) 126
[35] Liu,Xu,Zhuang, NPA834 (2010) 317¢
[36] Heinz, Chen (2012)

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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Cu+Au CNM effects

30/June/2015

o
C -c T l I I T T T
¥ — t—-l 7 . —
% g “L J/‘U—>IJH ¢ Run 12 CutAu |
5 % a8 Forward: 1.2<y<2.2 =
%} -£| ( b Backward: =2.2<y<~1.2 R
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& F .
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Number of Participants

12<y<2.2 -22<y<-1.2
<x1>

<xX2>

Aneta Iordanova

Forward (Cu-going):

= J/psi probes Cu
gluons at high-x, Au
gluons at low-x

= Short proper
crossing time in Au
probes Eloss

= Long crossing
proper time in Cu 2>
ccbar breakup

Backward (Au-going)
The other way round

48



Balaton Workshop ‘15 Quarkonia in STAR, R. Vértesi 49

Direct vs. regenerated J/psi vs. Vsyy

6
- Central Au+Au [Grandchamp+Rapp Calic]
i Total
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L. Grandchamp and R. Rapp, Nucl. Phys. A709, 415 (2002)
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STAR Y measurements — summary

Phys.Lett. B735 (2014) 127

70 STAR p+p o NaN.eN,. @ 250 STAR Prelminary
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700 o
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Upsilons in p+p 500 GeV
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o
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B..d?N/dydp_ [1] (raw counts)
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o
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o
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N
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e Y (1S+2S+39) ly|<1
¢ Y(1S) |y|<1

STAR Preliminary

p+p — T+X,

s = 500 GeV

| |

0

* Precise measurements
= Uncorrected spectra so far

2 4
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Y Ry, : RHIC & LHC comparison

20 n
g Y(15+25435) yl<t - Y(1S) |y<1]
B @ U193 Gev B AutAu {52200 GeV 180 @u+U |5,,=193 Gev B AutAu {5200 GeV
- == CMS Pb+Pb 2.76 TeV |y|<2.4 PHENIX Au+Au 200 GeV |y|<0.35 - .
1.6—— Dpﬂ) stat. uncertain; y DCMS normualiz:tion o 1'6__ FCMS m=2‘76 Tev |Y|<2'4 Dp+p stat. uncertainty
1.43_ Dcommon norm. syst. DPHENIX normalization 1.45_ DCMS normalization Dcommon norm. syst.
1.2F 1.2
S s o og—— .. -
o 1 o 1F
0.8 : 0.8
0.6 + 0.6
C i C
0.4 | [E 0.4
0.2F - 02— -
~ STAR preliminary ~—  STAR preliminary
OT|||||||||||||||||||||||| i) S T T Y T S T T S Y
0 100 200 300 400 0 100 200 300 400
Npart PHENIX, Phys.Rev. C87 (2013) Npart

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, however
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Excited Y states — LHC comparison
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Phys.Lett. B735 (2014) 127 = . 7
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"~ 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

B Centrality B ]

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 | 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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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 ]
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