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Quarkonium as a Probe of QGP

Quarkonium: charmonium(cc) and bottomonium (bb):
* m,=1.2-1.4 GeV/c?, m, = 4.6-4.9 GeV/c*> > Agcp dominantly produced at early stage
Quarkonium suppression, was suggested as a signature of the QGP formation

in heavy-ion collisions: Matsui, Satz; PLB 178 (1986) 416

* Color screening: quark-antiquark potential 1s color-screened by the surrounding partons
=» Suppression of quarkonium

* “Thermometer’: different states dissociate at different temperature =» Sequential melting

T < T, T =212T, Tz 3T,
VXV Y XpYX, Y Y XY’ Y

H. Satz, Nucl. Phys. A 783 (2007) | |
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Quarkonium as a Probe of QGP

However, various effects complicate the picture:

>

N

* Regeneration:
* Recombination of deconfined quarks

Quarkonium R, ,

(Re)generation

QGP melting

* Cold Nuclear Matter (CNM) effects:
* nPDF: shadowing/anti-shadowing

* Energy loss
* Nuclear absorption
* Interaction with co-movers...
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Capella and Ferreiro, EPJC 42 (2005) 419

e Feed—down contributions:

‘ direct from y.,; from y., from Y (2S)
“low” Pr J/r | 7195+4% 8x2% 6x+15% 65+15%
“high” Pr J/s | 645+5% 23+5% 5+2% 75+05%
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e X .~ +Z_ One of two largest heavy-ion colliders
5 = TP 5 ° particles can be accelerated to ~99.995% of the speed of light
® * collisions: p+p, p+Al p+Au; Cu+Cu, Au+Au and U+U...
>NRUL -+ for Aut+Au collisions, center-of-mass energy per nucleon-pair
—  cover from 7.7 GeV to 200.GeV
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The Solenoidal Tracker At RHIC (STAR)

w\ BBC_

/’f

* TPC (Time Projection Chamber): tracking, momentum, dE/dx
*  TOF (Time-Of-Flight): measure time-of-flight
« BEMUC (Barrel Electromagnetic Calorimeter): trigger on and identify electron
* MTD (Muon Telescope Detector) (|n/<0.5, 9~45%):
trigger on and identify muon
o muon suffer less Bremsstrahlung than electron

al x



Charmonium production at 200 GeV
in different systems:
1. p+p collisions -
2. ptAu collisions -9
3. Au+Au collisions @=g
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J/y In p+p collisions

-

Bd?o/(2xp_dp_dy) nb/(GeV/c)

Ratio to 2012

——
p+p (s =200 GeV
—o— STAR 2012
—— STAR 2009 MB
—= STAR 2009 HT
—— PHENIX
mm CGC + NRQCD
o NLO NRQCD
102 ==l CEM
B ==

107°

O a N W
I[:E 1 1

CGC+NRQCD, Ma & Venugopalan, PRL 113 (2014) 192301
NLO-+NRQCD, Shao et al., JHEP 05 (2015) 103
CEM, V. D. Barger. W. Y. Keung, and R. J. Phillips, PLB 91 (1980) 253

Inclusive J/y cross-section measured in
0<p<14 GeV/c:

» Consistent with previous measurements but
with a better precision

» CEM and NLO NRQCD calculations
* describe the data well for the applicable p, ranges

» CGC + NRQCD calculations

* lower boundary touches data within uncertainties



J/y in p+Au collisions

RpAu

JAY Ryay VS. P

059 205050050 %

RS

XX

21
1.8 f_ -o- STAR RpAu |y|<05 0-100% STAR Preliminary
- [l STAR Global uncertainty
1.6
1.4
1.2—

FEI
0000020050 054

5o
2034020546 205%205%

;';'q P
f%&l:fof" K

N\
1 NG /////' -
08 e ———— "
- -
0.6 — E | |
- R,a, NCTEQ15 Lansberg & Shao
0.4— Rya, EPSO9NLO Lansberg & Shao
0.2 2R, EPS09NLO Ma & Vogt
= —| Riau nDSg| + csabs=4.2r|nb Ferreiro |e’t al. |
00 1 1 1 2 1 1 1 4 1 1 1 6 1 1 1 8 1 1 1 10 1
. p_[GeV/c]
EPS09+NLO, Ma & Vogt, Private Comm. T

nCTEQ, EPS09+NLO, Lansberg & Shao, Eur. Phys. J. C77 (2017) 1
Comp. Phys. Comm. 198 (2016) 238

Comp. Phys. Comm. 184 (2013) 2562
Ferreriro et al., Few Body Syst. 53 (2012) 27

04/02/2020

RpAu —

Zaochen Ye (Rice U) at HENPIC Seminar

inel
_ Opp

dszAu/dyde
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The J/y R, 5, measurement at
RHIC:

» J/y suppressed due to the CNM effects



J/y in p+Au collisions

RpAu
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The J/y R, 5, measurement at
RHIC:

» J/y suppressed due to the CNM effects

» Models only considering nPDF + energy
loss effects can not well describe data
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J/y in p+Au collisions

RpAu

BRI DD
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R _ Gg%ael dszAu/dyde
pAu (Ncoll) dchp/dyde

The J/y R, 5, measurement at
RHIC:

» J/y suppressed due to the CNM effects

» Models only considering nPDF + energy
loss effects can not well describe data

» Model with additional nuclear
absorption is favored by data
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J/y in AutAu collisions

Lowprd/y  p A4 VS. Centrality
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J/y in AutAu collisions

Lowprd/y  p A4 VS. Centrality

2 STAR
1.8 % Inclusive: Au+Au @ 200 GeV, lyl < 0.5, p.> 0.15 GeV/c
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» More suppression towards central collisions

* Interplay of CNM effects, dissociation,
and regeneration

08 > At peripheral collisions, similar suppression
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J/y in AutAu collisions

Lowprd/y  p A4 VS. Centrality
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J/y in AutAu collisions

High pJ/ . .
s prd/V- p A VS. Centrality » CNM and regeneration effects are small,
2 [ ] [ )
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J/y in AutAu collisions

HighprJiy p A VS. Centrality

> Results from dimuon and dielectron

2 [ ]
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J/y in AutAu collisions

HighprJiy p A VS. Centrality

> Results from dimuon and dielectron

2; Inclusive: Au+Au @ 200 GeV,[p_>5 GeV/c STAR channel are consistent

1.8 *lyl<05  Olyl<1 * More suppression towards central
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J/y in AutAu collisions

HighprJiy p A VS. Centrality

> Results from dimuon and dielectron

25 Inclusive: Au+Au @ 200 GeV, pT >5 GeV/c STAR Channel arce consmtent
1.8~ *lyl<05  Olyl<1 * More suppression towards central
@ Prompt: Pb+Pb @ 2.76 TeV, lyl < 2.4, p.> 6.5 GeV/c . o . e
1.6~ CMsS, Eur. Phys. J.C 77 (2017) 252 collisions, similar trend as at LHC
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14— — TMI: Tsinghua
— B TMII: TAMU o o
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T i * A factor of 3.1 ( ~8.5 ¢ ) suppression 2>
\ I o o [ ] [
~ 08f a strong evidence of dissociation due to
0.6 the color screening effect
0.4
0.2F- . > At semi-central collisions:
~ N uncertainty STAR, Phys. Lett. B 797 (2019) 134917 .
o_l coaooa g b s b v b v by v v v b by 4 Systematlcally less Suppressed than at
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04/02/2020 Zaochen Ye (Rice U) at HENPIC Seminar 18



J/y in AutAu collisions

2 2

C STAR = Inclusive: Au+Au @ 200 GeV, P> 5 GeV/c STAR
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» Both transport models (Tsinghua and TAMU) can > Both transport models (Tsinghua and TAMU)
well describe the data show clear deviation to data
> Statistical Hadronization Model fails to describe the Tsinghua Model: PLB 678 (2009) 72m, Tsinghua at LHC: PRC 89 (2014) 054911
. . . TAMU Model: PRC 82 (2010) 064905, TAMU at LHC: NPA 859 (2011) 114
peripheral collisions SHM: Nature 561 (7723) (2018) 321-330

Both Transport Models include the regeneration and feed-down contributions, TOQGP~ 330 MeV

Tsinghua Model: gluon-dissociate mechanism, dissociate rate = 100% when T >~T 4;¢cociates Nydrodynamically evolving medium

TAMU Model: quasi-free dissociation mechanism + energy loss, T-dependent dissociate rate, fireball medium, CNM effects

SH Model: feed-down from higher excited states is included, but from b hadron is not included, hydrodynamically evolving medium
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Bottomonium production at 200 GeV
in different systems:
1. p+p collisions -
2. ptAu collisions @
3. Au+Au collisions @=g
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Y in p+p collisions at 200 GeV
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* Follows the trend predicted by NLO pQCD + CEM calculations
* Provide a precise base line for Y study in p+Au and Au+Au collisions



Y in p+p colllsmns at 200 GeV
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* Narrower rapidity distribution than NLO CEM calculation



Y R, from RHIC
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Y R, from RHIC
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I STAR Roa, COMMoN norm. Syst. R.Vogt,et.al,PoS ConfinementX 203 (2012) N
[N STAR Ry, common norm. Syst. F.Arleo,S.Peigne, JHEP 1303 (2013) 122
BN PHENIX Ry, common norm. Syst K.J.Eskola,et.al.JHEP 0904 (2009) 065

dAu . .
Crv b brrra bvrra b b b brrna b b g

<+— Au going p going —»

04/02/2020 Zaochen Ye (Rice U) at HENPIC Seminar 24



Y R, from RHIC
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* Model calculations only considering nPDF and
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Y results in Au+Au collisions from: dielectron vs. dimuon

14 30;60% 10:30% 0;10% 1 30;60% 10-|30% 0-|10%
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» Results from di-muon and di-electron channels are consistent within uncertainty
= Combine results from two decay channels
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R, 4t Y(1S)
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R, .: Y(1S) vs. Y(2S+3S)
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0.6

0.2

0.8

04

30-60% 10-30% 0-10%
* Y(S): Au+Au@200 GeV, lyl<0.5 Y(1S5):
* Y(2S+3S): Au+Au@200 GeV, lyl<0.5 ° Stronger Suppression in Semi_
________________________________________________________________________ central and central collisions
STAR Preliminary
H@ Y (28+3S):
@ * Similar suppression as Y(1S) in

peripheral collisions

N_,, uncertainty % %

0 T 100 200 300 400

part
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R, .: Y(1S) vs. Y(2S+3S)

Raa

30-60% 10-30% 0-10%
14 T | | .
* Y(1S): Au+Au@200 GeV, lyl<0.5 Y(1S5):
1.2 % Y(Q2S+3S): Au+tAu@200 GeV, lyl<0.5 J Stronger Suppression in semi-
B SRS central and central collisions
08 | STAR Preliminary
| H@ Y (28+3S):
0.6 - "  Similar suppression as Y (1S) in
04 7 peripheral collisions
0.2 N, , uncertainty % % * More suppression than Y(1S) in
0 B | | | . | ! | most central collisions
0 100 200 300 400  €&=> “sequential melting”
part
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Y(1S) R, .: RHIC vs. LHC

30-60 % 10-30% 0-10%
| | |

AA

S
%

* Y(1S): STAR Au+Au@200 GeV, lyl<0.5
¢ Y(@1S): CMS Pb+Pb@2.76 TeV, lyl<2 .4

Y (1S) suppression is similar at RHIC

Y(AS)R

S
=

0.2

- CMS, PLB 770 (2017) 357 and LHC cenergy !
e e = A
. RHIC LHC RHIC LHC
STAR Preliminary T <T"%, Rategis,” < Rategg,
RHIC LHC
@ * Ratesecomp. < Ratesecomp L
I m E % * Feed-down? Prompt 7°(1s) ~ 51%
B B o T'(1s) from x,(1P) decays | ~ 27%
* CNM ettects? T(1s) from x,(2P) decays | ~ 10%
B N, uncertainty T(1s) from 7(2S) decays | ~ 11%
| | | | | | 7' (1s) from 7'(3S) decays ~ 1%
0 100 200 300 400 CDF, PRL 84 (2000) 2094
part
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Excited Y states R, ,: RHIC vs. LHC

lQAA

14 30;60% 10;30% 0-|10 %0
%  Y(2S+3S): STAR Au+Au@200 GeV, lyl<0.5 Y(ZS+3 S) R AA at RHIC compared to
12 ¢ Y(@2S): CMS Pb+Pb@2.76 TeV, lyl<2.4
- —— Y(3S): CMS Pb+Pb@2.76 TeV, lyl<2.4 Y(2S),Y(3S) R,, at LHC:
o STARPl """"""" * Similar suppression at semi-central and
reiminar o o
0.8} ' central collisions
0.6 N, uncertainty
: * Indication of less suppression at RHIC
041 than at LHC for the most peripheral
02} v 1 % % collisions
0 _ ] " IT " ] " ] Iﬂ
0 100 200 300 400
Npart CMS, PLB 770 (2017) 357

STAR: Y (2S5+3S) Ry4: 0.35 £ 0.08 (stat.) = 0.10 (sys.) (0 <pT <10 GeV/c, 0-60%. )
CMS: Y(2S) Rya: 0.08 £ 0.05 (stat.) = 0.03 (sys.) (0 <pT <5 GeV/c, 0-100% )
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Compared to models

14 30-60% 10-30% 0-10% 14 30-60% 10-30% 0-10%
STAR Au+Au@200 GeV STAR Au+Au@200 GeV
121 & Y(S): lyl<0.5 121 & Y(28+3S): lyl<0.5 o
Rothkopf [ JRapp Rothkopf [ Rapp
T [ opamssc o roese e e B
= <
p: ‘\ STAR Preliminary & STAR Preliminary
=4 08 G 08
A | o —
= 06 wnn 0.6 .y uncertainty .
— B Q i
—
04 04
i @ A 4
0.2 N,,, uncertainty 0.2
0 | L | | | 0 | | Il Il
0 100 200 300 400 0 100 200 300 400
part part
ROthkOpf Model: Krouppa, Rothkopf, Strickland, PRD 97, 016017 (2018)

lattice QCD vetted potential embedded in hydrodynamically evolving medium

no CNM or regeneration effects
Y (1S), Y (2S), Y(3S) melt at T = 600, 230, 170 MeV

Rapp Model: x Du, M. He, and R. Rapp, PRC 96, 054901 (2017)

both quasi-free and gluo-dissociate mechanism
binding energies predicted by thermodynamic T-matrix calculations with internal energy potentials

include CNM and rege

neration effects

Y(1S), Y(2S), Y(3S) melt at T = 500, 240, 190 MeV

04/02/2020

Zaochen Ye (Rice U)

Both models show good
agreement with Y (1S) R,

Rothkopf model seems to
underestimate the Y (2S+3S)
R, 4 In 30-60% centrality

at HENPIC Seminar

RHIC (0.2 TeV) | LHC (2.76 TeV)
T2 (Rothkopf) 439-442 544-552 MeV
GP
32



Can models consistently describe Y (1S) R, , at RHIC and LHC?

1.4 30;60% 10;30% 0;10% 14 30;60% 10;30% 0;10%
% Y(1S): STAR Au+Au@200 GeV, lyl<0.5 - % Y(1S): STAR Au+Au@200 GeV, lyl<0.5
12 _& Y1S): CMS Pb+Pb@2.76 TeV, lyl<2 .4 12 : CMS Pb+Pb@2.76 TeV, lyl<2 4
" | Rothkopf STAR CMS i |:| STAR CMS
] 14
3 STAR Preliminary p: RS
08} " 08|
) Zo|
= 0.6 = 06
— i ¢ |z| % B i
04} e E B 04}
02 N,,, uncertainty 02 N,,, uncertainty
0 | L | L | L | L 0 | L | L | L | L
0 100 200 300 400 0 100 200 300 400
part Npart

CMS: PLB 770, 357 (2017)
X. Du, M. He, and R. Rapp: PRC 96, 054901 (2017)
B. Krouppa, A. Rothkopf, M. Strickland: PRD 97, 016017 (2018)

* Both Rapp and Rothkopf models can consistently describe the suppression of
Y (1S) from RHIC to LHC energies
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Can models consistently describe excited Y states R, , at RHIC and LHC?

14 30;60% 10;30% 0;10% 14 30;60% 10:30% 0:10%
- % Y(2S+3S): STAR Au+Au@200 GeV, lyl<0.5 % Y(2S+3S): STAR Au+Au@200 GeV, lyl<0.5
1.2 _¢ Y(2S): CMS Pb+Pb@2.76 TeV, lyl<2.4 1.2 . CMS Pb+Pb@2.76 TeV, lyl<2 4
" | Rothkopf STAR CMS Rapp [CJSTAR cMs
] 1 fompmtesnsmsnaad oo
i STAR Preliminary | STAR Preliminary
< 08 H . 08F
< 5 < 5
= 0.6 N, uncertainty R 0.6 N, uncertainty
- A -
04 04
_ v _
02} m @ 02}
0 | | n | n T'— n | I Iﬂ 0 - | |
0 100 200 300 400 0 200 400
part Npart

CMS: PLB 770, 357 (2017)
X. Du, M. He, and R. Rapp: PRC 96, 054901 (2017)
B. Krouppa, A. Rothkopf, M. Strickland: PRD 97, 016017 (2018)
* Both Rapp and Rothkopf models can consistently describe the suppression of
excited Y states in semi-central and central collisions from RHIC to LHC energies
* Rothkopf model underestimates Y (2S+3S) R, , in 30-60% centrality at RHIC

 Rapp model overestimate Y(2S) R, ., at most peripheral collisions at LHC
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Summary

> p+p collisions at /s = 200 GeV:
* Cross section can be described by CEM and NLO NRQCD



Summary

> p+p collisions at /s = 200 GeV:
* Cross section can be described by CEM and NLO NRQCD

»> p+Au collisions at /sy, = 200 GeV:
* J/y, Y suppressed due to CNM effects, nPDF + energy loss + additional effects
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Summary

> p+p collisions at /s = 200 GeV:
* Cross section can be described by CEM and NLO NRQCD

»> p+Au collisions at /sy, = 200 GeV:
* J/y, Y suppressed due to CNM effects, nPDF + energy loss + additional effects

» Au+Au collisions at /syy = 200 GeV:
* low py JAy more suppressed at RHIC than at LHC €= Less regeneration at RHIC
 high p; J/y less suppressed at RHIC than at LHC €= Lower temperature at RHIC
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Summary

> p+p collisions at /s = 200 GeV:
* Cross section can be described by CEM and NLO NRQCD

»> p+Au collisions at /sy, = 200 GeV:
* J/y, Y suppressed due to CNM effects, nPDF + energy loss + additional effects

» Au+Au collisions at /syy = 200 GeV:
* low py JAy more suppressed at RHIC than at LHC €= Less regeneration at RHIC
 high p; J/y less suppressed at RHIC than at LHC €= Lower temperature at RHIC

* Y (25+3S) more suppressed than Y'(1S) in central collisions €= Sequential melting
* Y'(1S) similar suppression at RHIC and LHC, Y'(2S5+3S) less suppressed at RHIC

than at LHC €=» interplay of cold/hot nuclear matter effects on direct + feed-down
contributions
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THANK YOU !l
Be Safe !!!
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Upsilon reconstruction viaY —» eTe”

1. Event

The high tower trigger is to trigger on those events with high
energy particles hitting on BEMC
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Advantage and Challenge of ¥ Measurements at RHIC

At central AA RHIC LHC

> AdVanta g cS: collisions (200 GeV) (2.76 GeV)

J Less recombination contributions #ee/event ~13 ~115

[A. Emerick, X. Zhao and R. Rapp: EPJ A48, 72 (2012)] #bb/event ~0.1 3
[X. Du, M. He, and R. Rapp: PRC 96, 054901 (2017)]

https://indico.cern. ch/event/ 355454/contributions/838966/

O Pre-Y (bb) has higher chance to survive than pre-J/y (cc) when passing through
the nuclear remnant:

Y I o ]/ .
Oaff ~ ( -~ ) Ot 0.1 Oyt E. Ferreiro, et al., PoS 157 (2012) 159

d Y (1S) is less affected by co-mover absorption than J/y Z. Lin, C. Ko, PLB 503 (2001) 104

-> A cleaner probe at RHIC

» Challenge: small production cross section
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Feeddown to Prompt Quarkonia in p+p
T Y(1S) Y (2S) Y(3S)

mFromy/(2S) ® From y;, (1P) lirom T §3SP)
From 7.2(1P) From %;,(1P) rom (3 0
~80% mFrom ff( 1P) ® From T (25) Srte 1~00%0 mEFrom yi(3P)
mDirect % From %, (2P) mDirect mDirect
® From Y (395)
® From %, (3P)
*" m Direct
(a) Low Pr T(15) (b) Low Py T(2S) (c) Low Py T(3S5)
B grom Xo: (1P) mFrom Y (35)
lErom u/(ZS)P From Y3, (1P) From y,(3P)
rom yc(1P) ® Erom Y (25) mFrom y, (2P) mFrom y,(3P)
-Erom Xc1(1P) * From ; (2P) mDirect mDirect
e ® From Y (39)
® From }; (3P)
m Direct
(d) High Pr T(15) (e) High Pr T(2S) (f) High Pr T(35)

Green: direct production

Feeddown need always be taken into account /-2 Lansberg arXiv:1903.09185
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direct fromy., fromys, from ¢(25)
“low” Pr J/Y | 7195+4% 8+2% 6+x15% 65+15%
“high” Pr J/y | 645+t5% 23+x5% S5S+t2% T75+05%

Table 2: J/y FD fraction in hadroproduction at Tevatron and LHC energies.

di (1P) (1P) T(2S) Xb(2P) T(3S) Xb(3P)
F ')rl(rle§t) F )Y(’lzllS) F ){’IZZIS) F Fyiasy  Fyas FYs)
“low” Pt 71+5 10516 45+08 75+05 4=+1 1+05 15+0.5
“high” Pr | 45.5+8.5 21.5+27 75+1.2 14 +2 6+2 25+0.5 3+1
Table 3: T(1S) FD fraction [in %] in hadroproduction at Tevatron and LHC energies.
direct XoQP)  YGS)  px(3P) pdirect  pxeGP)
Fyas) Fiosy Frasy Fros) e 6OT(3;)O 4OT(352)O
“low” Pr | 65+20 28+16 4+1 45+3 “hf"’;” o | eo * 0 40 * 0
“high” Py | 59.5+11.5 28+8 8+2 45+1.5 1gh B | 50 = +

04/02/2020
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The Barrel Electromagnetic Calorimeter (BEMC)

A BEMC Module

[
6.985cm T

®
\J
<« [ 25992m—]

o

VULV VLLYVLLY Y
aenAANANAOO

T

30.299cm

NPCBERERGENBEEN

aeg

[

HNWAG

|| eooee

——22.816cm

A

Yellow

Interaction | _ . Beam Beam Counter(BBC):
vertex — . high-Eta particles

* MB trigger, coincidence between BBC-East and BBC-West

BBC East Vertex Position Detector (VPD):
* Pb+scintillator+photo-multiplier tubes
BBC West . . . .
* Resolution: 4cm(120ps) in pp, 1.6cm(54ps) in dAu, 7mm(23ps) in
Ficure 5.1. The STAR BBC is divided into two identical detectors on the east
and west sides of the interaction region. The each BBC detector contains two inner AuAu

annuli of smaller scintillators and two outer annuli of larger scintillators [17].
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. Au+Au @ 200 GeV
Au+Au @ 200 GeV, Inclusive JA 1.6f- (a) 0-80% STAR |E (b) 0-20%  Au+Ay 200 Gl e
Yt 3 BEZ3 TM I TAMU
*  STAR: Jiy—u'w’, lyl< 0.5 1.4¢ Coll. dissociation, t__
[ | Systematic uncertainty 1.9F @ Coll. dissociation, t

op  PHENIX: JAp—e'e’, lyl<0.35
O® STAR: Jiy—e'e, lyl<i

RAA
o
$l

Pb+Pb @ 2.76 TeV 0.6
[0 ALICE: Inclusive JAp, 0-40%, lyl<0.8 0 ,-
{) CMS: Prompt J/, 0-100%, lyl<2.4

OSREBRIRRAAK o

0’.’.‘.’0’.’0’; e ’MM s
l- A

R 50
CRD 3, OOOOOS
EOIRIHRRIEDLIRGP AR

PEETEEE ST BT TR SN TTA AR U pa a1y e o e e o by e s by e s 1y 1y
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P, [GeV/c] P, [GeV/c]

1.6F (c) 20-40% - L (e) 60-80% <5 PHENIX: 60-92%




Upsilon R, vs. py

14

1.2

AA

0.6

Y(AS)R

04

0.2

14

1.2

AA

0.8

Y(AS) R

04

0.2

0.8

0.6

| % STAR Au+Au@200 GeV (0-60%)
Y(AS)—>u'y, lyl<0.5

| ¢ CMS Pb+Pb@2.76 TeV (0-100%)
Y(1S), lyl<2.4

Il " Il " Il " Il

0 2 4 6 8 10
P, (GeV/e)

STAR Au+Au@200 GeV
* YAS)>p', 0-60%, Iyl<0.5
Rothkopf [ Rapp

T

STAR Preliminary

T

0o 2 4 6 8 10
pT(GeV/c)
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Y(l S), Y(2S+3S) R 4
No significant p; dependence

e 1S consistent with LHC
results

* 2S+3S less suppressed than
LHC

14 | % STAR Au+Au@200 GeV (0-60%)
sl Y(2S+3S)— 't lyl<0.5
- ¢ CMS Pb+Pb@2.76 TeV (0-100%)
s I Y(2S), lyl<2.4
STAR Preliminary
Ll Y(28+38S)
a 0.6 m
0.4 4%7 m
02}
1 1 * 1
0 8 10
p (GeV/c)
14
STAR Au+Au@200 GeV
1.2 % Y(@2S+3S)—>u'u,0-60%, lyl<0.5
Rothkopf
g 1 5
[« STAR Preliminary
~ 08
N
<
wnn 06
a
~ 04 4%7
02 l
0 Il Il " 1
10

p (GeV/c)
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https://indico.cern.ch/event/355454/contributions/838966/ PhysRevlett.99.211602

At central AA RHIC LHC ; )
collisions (200 GeV) (2.76 GeV) state Xe Y J/ T Xb T
#bb/event ~0.1 3 TABLE I: Upper bound on dissociation temperatures.

state J/ | Xe )’ T Xb T’ Xb T

Upsilon(1S) feed down fractions measured at

ngh pr (pT>8 GCV/C) CDF, PRL 84 (2000) 2094 mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36

AFE [GeV] | 0.64 | 0.20 | 0.05 | 1.10 | 0.67 | 0.54 | 0.31 | 0.20

Prompt T'(1s) ~ 51% AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07
T (1s) from x»(1P) decays ~ 27% radius [fm] | 0.25 | 0.36 | 0.45 | 0.14 | 0.22 | 0.28 | 0.34 | 0.39
T (1s) from x3(2P) decays ~ 10%
Table 1: Quarkonium spectroscopy in non-relativistic potential theory
T (1s) from 7°(2S) decays ~ 11%
At RHIC and LHC energies, the gluon fusion g + g — (QQ) + g is the main source to
T( ]‘S) fI'Ol’l’l T(gs) decays ~ ]‘ % create a QQ pair. Assuming that the emitted gluon in the process is soft in comparison

with the initial gluons and the produced quarkonium,

2 2
ny 27
Ve e

X2 = ————¢€
' VSNN
In central rapidity region around y=0, the two gluons have the same x = x; =
x,. For charmonia in the transverse momentum region 0 < p; < 5 GeV/c, one has
0.18 < x < 0.34 at SPS energy /syy = 17.3 GeV, anti-shadowing
0.016 < x < 0.029 at RHIC energy /syy = 200 GeV, weak shadowing
0.0011 < x < 0.0021 at LHC energy +/syx = 2.76 TeV, strong shadowing
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https://arxiv.org/ct%3Furl=http%253A%252F%252Fdx.doi.org%252F10%25252E1103%252FPhysRevLett%25252E99%25252E211602&v=cea8d616

Al

p

Au

P

‘He+Au

«~—Au p—

o F e 0%100%p+Al  Inclusive Jy (@) F' o 0%-100% p+Au’ Inclusive JAy (b) I o 0%-100% *He+Au Inclusive Jy (c) :
12F PHENIX I PHENIX X PHENIX _'
1:—----' EE s ... - n' ---—:: :: :
08 E T ]
0.6F -+ + .
04k arXiv:1910.14487 ¥ I E
0.2F " EPPS16 (Shao, et al) EPPS16 + Abs EPPS16 (Shao, et al) EPPS16 + Abs ¥ EPPS16 (Shao, et al) EPPS16 + Abs 1

) :liiiiitii nCTlEQ15 (?hao, et.al) rl\CTEQ1.5 + AbleE g nCI)TEQ151(Shao, elt al) : nCTECl)15 + AblsEE l B n(l3TEQ151(Shao, elt al) : nCTEC?15 + AblsE
0—3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

y

y

y

Suppression in both forward and backward rapidity with Au beam
Forward rapidity: nPDFs alone describe data reasonably well
Backward rapidity: Nuclear absorption in addition 1s needed
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CMS pp, PbPb |Syy = 2.76 TeV CMS pp, PbPb {Syy, = 2.76 TeV CMS pp, PbPb |5\, = 2.76 TeV
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Elliptic flow:

JAy from recombination should inherit the charm flow = positive v,

—— 0.25 B T T T I T T T I T T T I T T T I T T T I T T T 0-4_
S-..i - ALICE Pb-Pb, |/s,, = 5.02 TeV global syst : + 1% - Au+Au 200 GeV 0-80 % STAR preliminary
= 02 - 03p
0.15 I:E@ gjj ﬁ]] #] - 0.2r —~
: ] 01 3
0.1 H = o - :‘LL i a % B
: 3 E > o8¢ |
0.05F - -
= @ n 0.1 T
. e s - = :
C Inclusive JAy — pu, Pr?g:aptl D°|, D(*), EI;Z;"'| alve[)age, ] 0.2 * J/y—u*u lyl <0.5, Run14
C V,{EP,An=1.1},25<y <4 Vo{EP, |An= 0.9}, lyl < Q. ] C -
005 45.20% *40-60% 0 30-50%, arXiv:1707.01005 03F- ¢ Jiy-e'e'lyl <1, Runl0+11
C ® 20-40% ] s O maximum non-flow
_0.1_ IIIIIIII.IIIIIIIIIIII :IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 2 4 6 8 Y Gevia) B T T S R S S-S R R R
Pr p_ (GeVrc)
At LHC: At RHIC:
* Signs of significant Kinetic equilibration of charm * No significant sign of equilibration
with the medium: a finite elliptic J/psi flow observed: Elliptic flow consistent with zero
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Rpr

JHEP 04, 103 (2014), CMS-HIN-13-003
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PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV)
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More suppression with higher collision energy

* Stronger suppression towards mores central collisions
* Excited states suppressed more than ground state,
consist with sequential suppression picture
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