. Quarkonia in the
" STAR exper 1 ment

Barbara Trzeciak

for the STAR Collaboration
Czech Technical University in Prague

3" International Conference on New Frontiers in Physics
28 July - 6 August, 2014
Kolymbari, Crete, Greece

mp.sk? - I “L

EI:':EII-" i P Bpdalvine

fondvCR  EVROPSKA UNIE £ Noshimencesshepnest
INVESTICE DO ROZVOUJE VZDELAVANI




Quarkonia at RHIC - Motivation

Charmoma: 7/, ¥, Bottomoma: V(1 §2” Yi2S), Y(3S), ys
/b= ¢ ¢ (BR5.9%) Yo' (BR2.4%)

v color screening - quarkonium suppression in QGP In
heavy-ion collisions

v QGP thermometer - suppression of different states is
determinated by Tc and their binding energies

Screening radius: T/Te 1/(r) [fm]
ro(T) <« 1/T , | [vas)

T < TC T =1.2 TE T = 31 B ;{h{lF'}
T (LT [T g mesves
bl ' i ! <T Ml % (2P) Y'(3S)

% A1P) w'(25)

Quarkonium spectral lines as
the thermometer

H.Satz, Nucl. Phys. A 783, 249
(2007)
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A .Mocsy, Eur. Phys. J. C61, 705-710
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Quarkonia - other effects

But there are additional complications:

- Still unclear production mechanism in elementary
collisions

- Feed-down: direct J/y (~60%), feed down from @' and Xc

(~40%); B-mesons feed-down (up to 25% at 12 GeV/c, phys. Lett. B722 (2013)
55)

- Cold Nuclear Matter (CNM) effects - nuclear
(anti-)shadowing, Cronin effect, nuclear absorption, ...

- Other Hot Nuclear Matter effects - regeneration, ...
(:)"(%.S%.ﬂl! (:)"() O

n — @O Oa O regeneration (X1l |
screening B.. . C . O
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Strategy

- High-p_J/¥ and T - cleaner probes

v ngh-p-r J/Lp - almost not 1 sl _.-11.1—;‘;11 IF EI{ZHZ} 1 (In.,‘»]: |_~,T|-=:;4I::_35r I[_).'z(at?,i, i
16| — — pnm. w/ftet Bfd — - - primordial w/fte -

aﬂ:eCted by CNM eﬁeCtS Lalt regeneration « s s Nuc. Abs. 1

' ' ' total - = = Nuc. Abs. w/fte

and recombination _b2r ]_":]rj?nm‘clial 0  PHENI N

- Y - negligible co-mover sl JUERAR '_
absorption and osf 7 : 1
recombination T .;;—.—;l-;-.-:;,.f___-_i S -

0 1 2'3 475 67 89 10

at RHIC: o, ~8oopb >> o), ~(2-2)ub 0

P, (GeV) X Zhao and R. Rapp, PRC82, 084905
+ Energy dependence of o 1 dNldy,.,
quarkonium production - varying Y NeydNldy,,,

relative contributions

- Measure quarkonia at different
colliding systems and energies
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STAR Experiment

JW/ Y — e e Large acceptance: |n| < 1,0 < ¢ < 2n

| Magnet I (1BMI EiecroMagnetic Calorimeter J

RN [/y Time Of Flight
41’1 \IL Beam Beam Cuunlcr J Y VP D -m I N I mum

I (X i HHH] bias trigger

[ Time ijection Chamber

- TPC

- TOF

» BEMC
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STAR Experiment

JW/ v — et e Large acceptance: |[n| <1, 0<0¢ <2n

| Magnet I (1Bamel E]ecthagne.m: Calr.}nme.ter J

'l’l n‘b. |I\\ u Time Ot thhg
'|

1 'r ) Beam Beam Cuunlcr VVPD - mlnlmum
L b ] + ] bias trigger

L Time ijcc.’tinn Chamber

‘-‘ !I—--i,.

v TPC - tracking,
PID: dE/dx

E Au + AU 200 Ge‘-.-f « TOF
=~
57 pdE/dx
- » BEMC
il
2

0.5 | 1 2
Momentum {Gevic)
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STAR Experiment

JW/ v — e e Large acceptance: |n| <1, 0 < ¢ < 2nm
| Magnet I (1Bamel E]ecthagne.m: Calr.}nme.ter J
o\ (7 Tine OrFiight ) .
Beam Beam Counter J VVPD - Mminimum
ammn \Y _ _
bias trigger

Au + Au 200 GeV
- v TPC - tracking,

| I/ﬂ : PID: dE/dx

v+ TOF - time
resolution < 100 ps
PID: 1/

» BEMC

Momentum {Gev/c)
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R L R

dE/d -

STAR Experiment

I R

o)

Large acceptance: |n|<1,0<¢ <2

L] I_I:I.IIIEL 1 1 1 rrrri 1U3
= f_:;- L (b)

Au 200 GeV

5 ] W
|. 5 ' [} -:I
. J_.I‘.

Momentum {Gev/c)

g 7 S
S 2 L
G S
- A < s
5
f p B
Z e I Fehgy
4

CEEL ({_BemBem Comer )~ VPD - minimum

bias trigger

v TPC - tracking,
PID: dE/dx

v+ TOF - time
resolution < 100 ps
PID: 1/

» BEMC
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STAR Experiment

JW/ v — et e Large acceptance: |n|<1,0<¢ <2n

= Sk =3l . - - v - 1o’
5 _; = [F | (a) - . ,. . | (b) meter
1 - T Il i l .ghl '

imﬂ [T_BEEIIHBEEIJH Cuunler J v VPD - mlnlmum
| — bias trigger

Au 200 GeV |
- » TPC - tracking,

: 10 /B | PID: dE/dx

- —+1.0<na, <15 v TOF - time

o s e resolution < 100 ps

20<p<3.0GeVic
sk PID: 1/

"3 e « BEMC - trigger
| L : PID: E/p (~1 for
electron)
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1 1 1 | 1L 111 || | | | | 1 11
1 5 |
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J/Y v, in Au+Au 200 GeV

Phys. Rev. Lett. 111 (2013) 52301

v /g v2 is consistent with zero >
at pr> 2 GeV/c :

> Disfavors the model with J/y
production via thermalized
(anti-)charm coalescence 0.1 initially produced [31]

SER— coalescence from thermalized ctT [32]
el initial + coalescence [34]

.0.2— — = — initial + coalescence [35]

r — — — hydrodynamic [36]
[ | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |

0 2 4 6 8 10

[31] L. Yan, P. Zhuang, and N. Xu, Phys. Rev. Lett. 97 (2006) 232301

[32] V. Greco, C.M. Ko, and R. Rapp, Phys. Lett. B 595 (2004) 202 p (GE‘\”‘E)
[34] X. Zhao and R. Rapp, Phys. Lett. B 655 (2007) 126

[35] Y. Liu, N. Xu, and P. Zhuang, Nucl. Phys. A 834 (2010) 317c

[36] U. W. Heinz and C. Chen, private communication (2012)
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J/V v, and p_spectra in Au+Au 200 Ge

Phys. Rev. Lett. 111 (2013) 52301

v/ J/y vz is consistent with zero > |
ot pr > 2 Gevie A

> Disfavors the model with J/y
production via thermalized
(anti-)charm coalescence 0.1 initially produced [31]

----------------------- coalescence from thermalized ctC [32]

e initial + coalescence [34]

105 N (a) 0-20% & (b) 20-40% _0_25_ — = jnitial +cnale_.scence [35]
| — — — hydrodynamic [36]

C‘I\IH 10-6 = 2 ! | E I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
G 107 . Y 0 h 2 ) h4 6 8 10
S g 1321 V. Greco, .M. Ko, and & Rapp, Prys. Lett 8 595 (2004 202 P (G@V/c)
D [34] X. Zhao and R. Rapp, Phys. Lett. B 655 (2007) 126

9 : [35] Y. Liu, N. Xu, and P. Zhuang, Nucl. Phys. A 834 (2010) 317c

g 10 ™ Blast Wave [36] U. W. Heinz and C. Chen, private communication (2012)

:|_ 107 B ®STAR Au+Au - - - Prediction
o 10" PHENIX Au+Au — Fit (B=0)

T —+——++— g Y Atlow prJ/y spectra softer
T 10°k c) 40-60% > d) 0-60% 1 a N
o ete @ b N 110 5 than the TBW prediction
5 . o :
107k : e g .12 from light hadron
Z 10°f o P

A ; o 110° < i
2 10 | .. =i 3 > small radial flow ?

L “ASTAR OO w1 0.8 -
C :r
onp Vew=200GeV L ERIERRE . {..5 2 regeneration at
0 2 4 6 8 2 4 6 8 10 — ?
arxiv:1310.3563 p, (GeV/c) low Pt :
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J/JWR,, in Au+Au 200 GeV

18 | | | | | | |
o[ AHA = WX e STAR AusAL | Supp_ression increases with
Vo =200GeV o s7aR (o> 5 Gevie) collision centrality
1.4 1 : :
O PHENIX Au+Au ()y|<0.35) / H|gh'pT RAA is

- J/p at high-pr almost not
- affected by CNM effects
+ r+| _ and recombination
@«%‘”@"ﬂ | < High-pr J/y suppressed in
G £l central collisions
0.2k

0 50 100 150N 200 250 300 350 > May indicate QGP
part Y.Liu et al., Nucl. Phys A 834 (2010) 317c eﬁeCtS

STAR high-pr : Phys. Lett. B 722 (2013) 55  Zhao, Rapp, Phys. Rev. C 82 (2010) 064905
STAR low-pr : arxiv:1310.3563

I systematically higher
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J/WR,, in Au+Au 200 GeV

18 | | | | | | |
A+A — J/y+X ® STAR Au+Au v/ Suppression increases with
16F s _ 200 Gey ® STAR(p, >5GeVic) A .. .
VSnn o PHENIX Au+Au (|y|<0.35) collision centrality
14k Zlhao. Rapp _ . .
""" Hu etal v High-pr Raa is

I systematically higher

High-pr J/w suppressed in
- central collisions

- > May indicate QGP
o effects

Gl

0 50 100 150 200 250 300 350

N

part Y.Liu et al., Nucl. Phys A 834 (2010) 317c
STAR high-pr : Phys. Lett. B 722 (2013) 55 Zhao, Rapp, Phys. Rev. C 82 (2010) 064905

STAR low-pr : arxiv:1310.3563

> Both models - color screening + statistical regeneration -
describe the data well at low pr
August 2, 2014 13

ICNFP



J/WR,, in Au+Au 200 GeV

18 | | | | | | |
A+A — Jiy+X @ STARAu+Au v/ Suppression increases with
VSnn o PHENIX Au+Au (|y|<0.35) collision centrality
1. 4F Zhao, Rapp (p_ > 5 GeV/¢)
...... Liu etal.(pT::B GeV/c) 4 ngh'pT RAA iS

systematically higher

High-pr J/p suppressed in
central collisions

> May indicate QGP
effects

0 50 100 150 200 250 300 350

N

part Y.Liu et al., Nucl. Phys A 834 (2010) 317c
STAR high-pr: Phys. Lett. B 722 (2013) 55 Zhao, Rapp, Phys. Rev. C 82 (2010) 064905

STAR low-pr : arxiv:1310.3563

> At high prLiu et al. model describes the data well,
while Zhao et. al model underpredicts the Raa
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Energy dependence of J/W R,,

g 2 _AI A| IJ/I |X I I I | | I I | | I ] ﬁ 2 -L T T T T I T T T T ]
oc L ATA = I + — — 200 GeV theoretical curve ] ¥ - 0-60% Au+ A ]
1.8 - " 200 GeV — 62. é G\?\tlhtheortetu,ial curve- 1.8 = eatTAal =
1.6 = 62.4 GeV suncertamty - 0 ] 1.6 o 200Gev = N, uncertainty =
- = 39 GeV % p+p gnggﬂg:my gg 4Gé3\?V E [ 62.4 GeV p + puncertainty ]
- + - : .
1.4 - e B+B 200 GeV(statistics) - 1.4 ® 624 GeV [0 39 GeV p + p uncertainty ]
1 2 i_ _i 1-2 E_ ¥ 39 GeV STAR Preliminary _E
~  STAR Preliminary ] - ]
T ] 1“1 & R —]
0.8 4 08F I -
0.6 > 1 o0sfy 4 % P oo |-
0.2 - 0.2F -
0 [ | | | 1 1 | | | 1 | | 1 | | 1 1 ] 0 ; 1 1 I | 1 1 1 | :

0 100 200 300 408 0 5 10

theoretical calculation: X. Zhao, R. Rapp, Phys. Rev. C 82

(2010) 064905 part P, (GeVic)

CEM: R. E. Nelson, R. Vogt and A. D. Frawley, Phys. Rev. C
87, 014908 (2013).

v

>

Significant suppression at 62.4 and 39 GeV, similar to 200 GeV
- no strong energy dependence of J/y Raa within uncertainties

Data agrees with the prediction of the two-component model

* p+p reference for 62.4 and 39 GeV data from Color Evaporation
Model (CEM) - large theoretical uncertainties

August

2, 2014 15 ICNFP



JJWR,, in U+U 193 GeV

* Higher energy density can be reached in U+U collisions

2
< L
< — 2.2
- A+A X 5
oC 185 +A = Jy + —— Zhao-Rapp 200 GeV - B 0-80% MB U+U
- ® Au+Au 200 GeV — — Zhao-Rapp 62.4 GeV 2 :_ 9 0-60% HT U+U
1.6— JEREE Zhao-Rapp 39 GeV -
° — n AU+AU 624 GeV I:’ N unce?’tpainties 1 -ﬂ - STAR Prelim il'lal"}i' * 0-60% AU"'A.U, PLB 772
— coll . = & 0-50% Au+Au, ArXiv:1310.3563
14— m  Au+Au 39 GeV [ p+p 62.4 GeV uncertainty 1.6
= o I p+p 39 GeV uncertainty 14 =
12— ® U+U193 GeV MinBias [ p+p 200 GeV stat. uncert. i =
- <1.2 —
O R =Y. TR N _ I
0.8 ?g\ H 0.8
0.6_— ".‘.' 0.6 :— E 4 E
0.4:— ﬁd\ """"""" — 0.4f— i p+p syst uncertalnty
= R J—— e N — o 2:_ o, uncerainty
0.2—STAR Preliminary = B N, uncertainty
— S 1 i | 'l NS NS NP BN P
0_| NN T N R TN AT T N T T N T Y N T T Y SV AN O Dﬂ 1 2 3 4 5 B T 8 9 10
0 50 100 150 200 250 300 350 400 p [Ge\ffc]
T

part

< Similar suppression pattern in U+U and Au+Au collisions

* p+p reference from 200 GeV

August 2, 2014 16 ICNFP



W'in p+p 500 GeV

* Constrain y' feed-down contribution to J/y

* Test of charmonium production models - charmonium
production mechanisms in p+p are still unclear

n — -—
EQW—_ Z 008 © HERA-B (e channel ), 42GeV, EPJCAS, 545
© s00 8 C O HERA-B (i channel), 42GeV, EPJC49, 545
20.07— [ PHENIX, 200GeV, PRD85, 092004
700 # +t|j:|ﬁ++ ICE*W—# ’_rHF\ o - A CDF,1.8TeV, PRL79, 572
@ 006~ @ STARS500GeV, this analysis
Eﬂﬂ > ~
= - A
500" W(2s)=310 + 93 @ unike:- like < 0.05F )
- i g = STAR Preliminar |
400 S/B=0.84 ke Sk o 004F y i
- ) , — L]
300 S/AS+2B=3.3 » unlike-sign 0.03 — I 1 T
- - I I A
200 0.02— | () . { )
oo, b 009580 T |
5 *H:%:— 0.01~ r I
U__I | | | | | | | | | |_T_'¢" | _4}_?(5‘1 I_z]\J_Ll)_ _('Jl}l E | I | I | I | I
_4 . . 4 dz | I I | I | | | I | I | I | I | I I |
3 3.6 3.8 uﬁ 1 2 3 4 5 6 7 8 9

M., (GeWc ) b (GeVic)

v First measurement of (¢'/J/y) ratio in p+p at 500 GeV
> Consistent with other experiments
> No collision energy dependence observed
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Upsilon in du+Au 200 GeV, CNM effectssiy s

° Y- negllglble co-mover absorptlon and recomblnatlon W

E _I 7T | IIIIIIIIIIII | 'TTT | L | I'TTT | 'TTT | 'TTT | I'TT I_ B |
T L STAR H.m (15+2S+3S) (b) | .& F ta}
aQ 1.8 ‘ STAR p+p Syst. Uncertainty ] 'ou &“ 1.1
e &— PHENIX ] _ -
Q1.6 suu shadowing, EPS09 (Vogt) — N
‘1"_) B Energy Loss (Arleo, Peigné) n < | o 1_
1.4 Energy Loss + EPS09 ] b los L
o § <o9f T . 4 |
20— — - [
B N \\\\\\\\ . 7 B !
. NN\\“\\\\EN (- 0.8 I
\ * {_ 1 Phys. Lett. B 735 (2014) 127
0.8 \\ = 0.7
0 6§ O __ E O ET7721S (pA), |[Syy = 40 GeV, 0<y<1.05
' N e ] 0.6~ | E7722S+3S (pA), |/s,, = 40 GeV, 0<y<1.05
0.4— ] ~ 5'7STAR 1S (dAu), |s, = 200 GeV, |y|<1.0
2_I 1| I|2I ] | I| 111 I| 1| II0| ] | II0|I ] II0| 1111 | L [ 11 | ] | II2|I III2_ 0-52 | | — Iiilo | | | — I‘II|02
25 -2 15 -1 -0.5 S5 1 1.5 D
y Mass Number (A)

« Agreement with models exz:ept y~0

v Suppression at y~0, in addition to shadowing and initial
state parton energy loss

- Similar suppression seen at E772 * Better understanding of
the suppression needed
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Upsilon in d+Au, Au+Au and U+U

M

% _L T 1T 1 | T T 1 | T 1T 1 T 11 | T T 1 | T 11 | T 1T 1 | T T 1 ]

; - (@) -

5 1.8 @ STARAu+Au (O  STAR Au+Au, Centrality Integrated —

E ~ M STAR d+Au O STAR U+U, Cent. Integrated, Prelim —

g 1.6 :_ ’ STAR U+U (prelim) Strickland-Bazow Model _:

+ — . . il Emerick-Zhao-Rapp Model -

N 1.4 — il PP Stat.+Fit Uncertainty STAR | —]

T B - Common Normalization Syst. pre Imlnary _

n 12 Phys. Lett. B —
- - 735 (2014) 127
S LI TR REUNTTOHERINENESE Tt SN e

0.8 —

N 5 7 ]

0.6F -

0.4 :— lier

- STAR Y(1S+2S+3S) .

25 sy = 200 GeV ly I<1.0 '
A | | | | ]

UD 50 100 150 200 250 300 350 400
Npart

Strickland-Bazow Model
(arXiv:1112.2761):

428 < T < 442 MeV,
Internal energy potential

Emerick-Zhao-Rapp Model
(Eur. Phys. | A48, 72 (2012)):
CNM effects included,
strong binding scenario

v/ Suppression increases with collision centrality

v The same trend in Au+Au and U+U collisions

v Agreement with models that include presence of QGP
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{ T | I 17 T 7T | T 1T 171 T T T 1 | T 1T T 1 I T T T 1 | 1T T 1 | 1T T 1
=] —
< ()
ﬂ:q: @ STAR Au+Au O STAR Au+Au, Centrality Integrated _|
) 2 B STARd+Au Strickland-Bazow Model
E—- Liu-Chen Model

STAR Y(1S)

Phys. Tett. B
735 (2014) 127

«Indication of complete
Y (25+3S) suppression

/Sy = 200 GeV ly |<1.0
L1 | | | I I | 11 1 1 | L1 1 1 | L1 1 1 I L1 1 1 | | A | | L1 1
0 50 100 150 200 250 300 350 400

N

v/ Suppression of Y(1S) in central
collisions consistent with
model predictions

 Liu et al. Model (arXiv:1009.2585) -

suppression mostly due to
dissociation of the excited states

STAR Inclusive Quarkonium Measurements
Au+Au, |s,, =200 GeV, |y|<1

1

0s Jiv, p_>5 GeVic | @ o)

. o . - [s]

0-10% Centrality | Centrality
0.4
Y(25+3S), 95% limit
L 0-60% Centrality

0.2

0 1 1 1 | 1 | 1 | 1 | 1 | 1 1 1 | 1 | | | 1 | | | | 1 1

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Binding Energy (GeV)
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Heavy Flavor Tracker (HFT)

IST at 14 cm

* Inner tracking system
with 3 sub-systems

* Direct topological
reconstruction of a
decay vertex

104 = ‘[

10° - I.‘.
f A

PXL at 2.9
and 8.2 cm

-
-

Precise pointing resolution

d.U.

107 =

B—]/p +X
Prompt J/is production measurements by - m m . v-ﬁ"ﬁw‘*'_ | [L
subtracting the contribution from B e e L o

decays
Fully installed and takes data since 2014
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Muon Telescope Detector (MTD)

Precision quarkonium measurements via di-pg channel

u advantages over e: Acceptance: 45% at |n| < 0.5
*  No y conversion MTD

* Much less Dalitz decay contribution © \a,
* Less affected by radiative loses in r— 27 NRK S O
the detector material A . 9. < V%

» Multi-gap Resistive Qi F

%:jﬁ;gﬂ_;;f;gﬁe\a'm 15425438 Plate Chamber === *':
Q120 C o (MRPC) - gas :
100 = 35 e

" detector | ng

py  Long-MRPCs ]

20 X LUWGi

b " Hi:ﬁu‘ invarliuant mas::.iGve; 1)1 [3:i 13 YprojeotlonSTAHGTP:'n:iI:s::?’T’D:LﬁT‘r 1.4_—| 60 plb'1|f:+lp.l20 Inb'I‘Aluhlﬂ\u,l 0.20% | _

simulations . o 12 L mn oz .

>  Excellent mass +* ‘k + S T q] + i S S

06 C T(15425+35)+~e'e , lyl<0.5 é 0.8 - |

re.solutlon - + + } b + 4| @ iy [}] [B | i

> Trigger capability for I oA B g .

low and high pr J/y in + ' + + i + P % Jy -

central Au+Au B e e L I '(Ge\',,c) 7 8 9 10
Fully installed and takes Jata since 2014
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Summary

> No strong energy dependence of J/\y suppression in Au+Au T
200, 62.4, 39 GeV

> Similar J/r and Y suppression in Au+Au and U+U
~ High pr J/y and Y suppressed in central Au+Au 200 GeV
> Indication for complete Y'(2S) and Y (3S) suppression
> Signals of the QGP presence

> First ' measurement in p+p at 500 GeV
> No collision energy dependence of (' / J/yp) ratio seen

> HFT and MTD since 2014 — significant improvement of
quarkonium measurements
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Thank you !
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