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Why Quarkonia?

* Early creation: experience entire evolution of quark-gluon plasma
* Evidence of deconfinement: quark-antiquark potential color-screened by

surrounding partons =2 (static) dissociation I Mt and 11, Sut
vacuum Temperature T<T Temperature T>T
Jhy e o . ®
| | L_J @ ®
T r r
*  “Thermometer”: different states dissociate at different 027, 0747, 111, 231,
temperatures =2 sequential suppression £ GeVit) |
Y(3S) Y(2S)
Y(1S)
I T T T . [ —
E,(MeV) ~ 640 ~ 60 ~1100  ~500 ~200 v RL,
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Other Effects

*  (Re)generation of deconfined quarks comian| ses | muc | ue
— Reverse process of deconfinement New/event [ ~02 [ ~10 | ~115
— Deconfinement is a prerequisite
* Medium-induced energy loss
— Color-octet states; parton fragmentation
Low pT Y( 1 S) High pT
* Feed-down contributions rromas 76 % oty
— Depend on species, Vs, py, etc e o
A. Andronic, EPJC 76 (2016) 107
[ ]

Cold Nuclear Matter (CNM) effects

e And more ...
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The Solenoid Tracker At RHIC

* Mid-rapidity detector: n| <1,0<¢ <2n

e TPC: measure momentum
Muon Telescope Detector

and energy loss

* BEMC: trigger on and
identify high-p electrons

* MTD: trigger on and
identify muons
* pr>13GeV/c
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AutAu @ 200 GeV: J/w R, vs. pr

STAR: PLB 797 (2019) 134917

 Jyi d
Au+Au @ 200 GeV, Inclusive JAp 1.6f (a) 0-80% STAR |L (b)0-20%  AutAy 200 Geb J W 1S Supp resse up tO 1 5
Y STAR: Jiy—u*y, lyl< 0.5 1.4 2 =20 TM Il: TAMU /
[] Systematic uncertainty 1.2 2 = gg:: g::zgg::::g:: ::: GeV C

gp  PHENIX: J/y—e'e’, lyl<0.35
O®@ STAR:Jy—e'e, lyl<t

* No strong p; dependence;
interplay of different effects

— Dissociation: decrease with py
p. [GeV/c] due to formation time effects

Pb+Pb @ 2.76 TeV
[0 ALICE: Inclusive J/y, 0-40%, lyl<0.8
{ CMs: Prompt J/y, 0-100%, lyl<2.4

1.6 (c) 20-40% C () 60-80% < PHENIX: 60-92% — Regeneration: mostly at low p;

— CNM: more profound at low p;
— b-hadron feed-down at higher p;

* Transport and energy loss

models can qualitatively
describe data

R R S (I B S R 0}
pT[GeV/c]

Central: R, , ~ 0.4 for p; > 5 GeV/c > dissociation in effect
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JwR,,: RHICvs. LHC

STAR: PLB 797 (2019) 134917

ALICE: JHEP 07 (2015) 051
CMS: EPJC 77 (017) 052 pr >0GeV/c pr >5GeV/e
2 2
- Inclusive STAR [ STAR, Au+Au @ 200 GeV: inclusive, p, > 5 GeV/c STAR
1.8~ 4 STAR: Au+Au @ 200 GeV, lyl <0.5, p_>0.15 GeV/c 1.8~ % lyl<05 Olyl<1
1.6 m ALICE: Pb+Pb @ 2.76 TeV, lyl < 0.8, p.> 0 GeV/c 16 m CMS, Pb+Pb @ 2.76 TeV: prompt, lyl <2.4, P > 6.5 GeV/c
1.4 1.4
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*  pr>0 GeV/e: more suppressed at RHIC in central events = smaller regeneration
contribution due to lower charm cross-section

* pr>5 GeV/c: indication of less suppression at RHIC in semi-central events = smaller
dissociation rate due to lower temperature
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Y'R,, and R, vs. Centrality @ 200 GeV

30-60 % 10-30% 0-10%
1.4 T T T . . .
[ & T(15): Av+AU@200 GeY, <05 * Improved precision for Y suppression
121 * Y(25+3S): Au+Au@200 GeV, lyl<0.5 — 2014+2016: dimuon
[ % Y(1S+2S+3S): p+Au@200 GeV, lyl<0.5 — 2011: dielectron
o N A :
< os % STAR Preliminary * CNM plays a role
< O | .
: 5 erl1 cent. 4 1
Z oel * Ry\P" >Ry, M increasing hot
ll i medium effects
04}
f i « 0-10% central: R, ,Y@5*3S) <R, , Y(S)
02" 10 Ny uncertainty EH B@ - sequential suppression
0 0' ‘ 1(‘)0 ‘ 260 3(‘)0 —" — Similar to that observed at the LHC
part
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Y'R,,: RHIC vs. LHC

CMS: PLB 770 (2017) 357 Y(1S) Y'(2S+3S)
14 30;60% 10;30% 0-|10% 14 30;60% 10;30% 0-|10%
- % Y(S): STAR Au+Au@200 GeV, lyl<0.5 - % Y(2S+3S): STAR Au+Au@200 GeV, lyl<0.5
1.2 4 Y(1S): CMS Pb+Pb@2.76 TeV, lyl<2.4 1.2 4 Y(2S): CMS Pb+Pb@2.76 TeV, lyl<2.4
i I —— Y(3S): CMS Pb+Pb@2.76 TeV, lyl<2.4
L | A S |
p I | STAR Preliminary I STAR Preliminary
o 08} ¢ < 08
g 0.6 ; & 0.6 ; N,y uncertainty
04 04
| ¥ 0 |
0.2 i N, Uncertainty 0.2 i T 95% C.L. % @ % 0
1 L 1 L 1 L 1 L 0 1 L 1 L 1 L 1 L
0 0 100 200 300 400 0 100 200 300 400
part part

* Y(IS) R, ,"?TV ~ R, ,276TeV: could be due to similar CNM (~20%) + strong suppression
of excited states

* Y(2S+3S) R, %1V >~ R, ,276TeV: hint of less melting at RHIC peripheral
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Y'R,,: STAR vs. Model

0.6
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STAR Au+Au@200 GeV
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* Model ingredients
Rothkopf: Complex potential (IQCD); aHydro medium; No regeneration or CNM
Rapp: T-dependent binding energy; Kinetic rate equation; Include CNM and regeneration

* Model calculations can qualitatively describe Y suppression at RHIC
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Y(2S+3S) R
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* Y(2S+3S): lyl<0.5

Y(2S+3S)

Rothkopf

T

STAR Preliminary

N, uncertainty
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B. Krouppa, A. Rothkopf, M. Stickland, PRD 97 (2018) 016017
X. Du, M. He and R. Rapp, PRC 96 (2017) 054901
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Future Perspective

 Better detector with enhanced statistics

— Low material budget, EPD, iTPC, forward upgrade | See D. Brandenburg, Sunday 8:30am CT

— Complementary electron and muon channels

I JAy, Au+Au 200 GeV, 0-80%, Projection for 20B MB + 75 nb! HT, IVZI<30cm
® v, (TPC), Run 10, PRL 111.052301
201742022  pt+p @ 500 GeV v J/y polarization B T o 23425 STAR
‘/ J/l// in jetS >C B A vz (EPD) projection’, Run 23+25
2024 pp @ 200 GeV v J/l// vs. event activity c;) 0.1 © v,(ZDC) projection, Run 23+25
i o1
2024 ptAu @200 GeV v J/y & Y CNM I 2 oA
202342025 AutAu @ 200 vV lowp, Jyv, &V, | E— S ¢+§ .............. # .............. %} .................
GeV v' w(2S) suppression i
v' Y suppression (sample full L) ‘ ‘ ‘ ‘ |
0 5 10
Transverse momentum P, (GeV/c)
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Summary

* J/y and Y suppression in Au+Au collisions at \/SNN =200 GeV by the
STAR experiment

* High-p; J/w strongly suppressed in central collisions
=> dissociation

* Ground and excited Y states exhibit different suppression
-> sequential suppression

* Model calculations can qualitatively describe quarkonium suppression at
RHIC

*  Outlook: comprehensive and high-precision measurements of quarkonium

production in p+p, p+Au and Aut+Au collisions through both dielectron
and dimuon channels in 2022+
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Backup
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Feed-down Contribution

Woehri@Quarkonia’14

LHCb: EPJ C74 (2014) 3092

Y'(1S) from all ‘

o
W
a

§ °:i_g g LHCb, 2.0 <y <4.5 )
L S B R - Cws promminary
2 % “° LHCb,2.0<y <45 B 025 1] ' = ATLAS, lyl <1.2
B 0.3 ‘ = ATLAS, lyl <0.75 = E :
50_25_; L% I l © CDF,Ilyl <0.6 0.2 1
B 0.2—% } %{ 0_15_§ [ } % % + } Y (2S)
0_15; 1] P(2S) — JAp, from ratios : L é"ij% L) * # iﬂ + *
NS ; i T Sy y
oo'sg }}} exeaféés o : CMS,I’yI.<1<.2y,;6.pb'1 ;] } x,_,(ZP)
X —g e CMS Preliminary ﬁﬁﬁ;ﬂlﬂg.“ :c'(:::). ae o ® ad Y@s) s
. 5 10 15 20 25 30 35 e R 20 30 40 _ s0 6o 70 8o
Py [GeV] pl 9 [GeV]
J/y feed-down Y'(1S) feed-down
%o 10-30% (vs. pp) o (1P) 10-30% (vs. py)
v(2S) ~ 8% 1 (2P+3P) ~5%+1-2%
B-hadron 0-50% (vs. pp, \s) Y(2S+3S) 8-13%+1-2%
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Cold Nuclear Matter Effects 200 GelV

A(g.s\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
°F < b —k— STAR preliminary R, STAR Preliminary -
1.8~ o STARR, lyl<l Jiy—e'e’ . STAR published R , ]
r . — 94— PHENIX
1.6 STAR Preliminary g)g 2] E shadowing, EPS09 (Vogt) ]
E o PHENIXRy,,lyl<0.35 Jiy—e'e E’ﬁ 3 Energy Loss (Arleo, Peigné)
14 E 2] -~ Energy Loss + EPS09
1.2F =15

1=

Rp(d)Au

0.8f

0.6

E Rya, NCTEQ15 Lansberg & Shao
04— Rga, EPSO9NLO Lansberg & Shao
0.2F ) Ry, EPS09NLO Ma & Vogt
“r Ryau NDSQ + 6, ,=4.2mb Ferreiro et al.
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* R ,,/¥~0.65at 1 GeV/c and rises to 1 at high p;
. RpAuY= 0.82 £ 0.10(stat) + 0.08(syst) — 0.07(syst) = 0.10(global)
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J/w R, ,: Data vs. Transport Model

pr > 0GeV/e pr >5GeV/e
2
- Inclusive STAR [ STAR, Au+Au @ 200 GeV: inclusive, p, > 5 GeV/c STAR
1.8~ 4 STAR: Au+Au @ 200 GeV, lyl <0.5, p_>0.15 GeV/c 1.8~ % lyl<05  Olyl<1
1.6 i m ALICE: Pb+Pb @ 2.76 TeV, lyl <0.8, P> 0 GeV/c 16 i m CMS, Pb+Pb @ 2.76 TeV: prompt, lyl <2.4, P > 6.5 GeV/c
- Au+Au @ 200 GeV, p_ >0 GeV/c - Au+Au @ 200 GeV, p_ > 5 GeV/c
14— — TMI: Tsinghua - - - SHM 14— — TMI: Tsinghua
- B3 TM Il: TAMU - B3 T™ Il: TAMU
< 1.2 < 1.2
et F e F
11— 11—
0.8 0.8
0.6— 0.6
0.4 0.4—
0'25 N, uncertainty 0.2 ? N, uncertainty
07lllllllllllllllllllllllllllllllllllll 07lllllllllllllllllllllllllllllllllllll
50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Npart Npart
* pr> 0 GeV/e: describe centrality dependence quite well L Yan, et al, PRL 97 (2006) 232301
K. Zhou, et al, PRC 89 (2014) 054911
— SHM: no CNM X. Zhao, et al, PRCC 82 (2010) 064905

*  pr>5 GeV/e: Tsinghua model overshoots data while TMAU model is below data in
semi-central collisions
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Au+Au @ 200 GeV: Y'R ,, vs. pr
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* No significant p; dependence

Similar to the J/y case
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— Possible explanation: CNM + correlated regeneration
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Future Perspective
* STAR detector configuration

— 2017+: Heavy Flavor Tracker removed = low material budget for electrons

— 2018+: Event Plane Detector at forward-y = improve EP resolution; reduce non-flow

— 2019+: iTPC upgrade = improved resolution; increased efficiency; extended acceptance
— 2022+: forward tracking + calorimetry = event activity

Forward Tracking System
Requirement Motivation

Momentum <30% A+A goals

Resolution

Tracking Efficiency > 80% @ 100 A+A goals
tracks / event

Charge Separation

upgrade

vent Plane Detector

|

p+p / p+A goals

Forward Calorimeter System

Detector Resolution p+p and p+A  Resolution A+A
ECal ~10%/VE ~ 20%/VE
HCal ~ 50%/VE + 10% -
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