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Quarkonium as a sensitive probe of QGP

02T, 0.74T, 11T, 237, * Quarkonium production
=gy, . . suppressed due to color-
eV/fm / . . .
X X screening/melting in the QGP
Y(3S) Y(2S)

 Different quarkonium states
Iy provide distance scales to probe
v ° QGP (sequential suppression)

Q:E (Re)combination
= « Quaroknium production
é’ enhanced due to (re)combination
g during QGP evolution or
© QGP melting hadronization
O >
Energy Density
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In reality

Quarkonium production modified by cold nuclear matter (CNM)
effects on top of hot matter effects

Quarkonium production in heavy-ion collisions are the interplay
of color-screening/melting, (re)combination and CNM effects

Experimental solutions: QGP melting
pPA: CNM effects, reference

AA:
« Multiple dimensional
Centrality, p+, rapidity...
. XS
Collision energy, system et
» Different states (Re)combination Cﬁﬂ\
Iy, w(2S),Y (1S, 2S, 39)
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Experiments
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Jhy Results
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STAR new results from ptu-

Di-eleciron:
STAR PLB 722(2013) 35

STAR PRC 90, 024906 (2014)

RAA

1.8
1.65
1.4F
125

0.8 i
0.6E

0.2F

15~

1].4%

STAR Au+Au @ 200 GeV 0-60%
 dhp—=ptu, Iyl <05
7 Jhp—e'e, Iyl =1 (MB)

+r Jhp—ee, Iyl =1 (HT)

0-20%

STAR preliminary

1.8E
1.6
1.4
1.2

S
0.8
0.6
0.4
0.2

0

PR Ty
P, (GeV/c)

[ PR B
10

L ‘|I2 L ‘|I.||.I
P; (GeV/c)

N
10

« Confirmed previously published e*e results
* Improved precision and p; converge

Zebo Tang (USTC)

Hard Probes 2016, 9/23-27, 2016



Centrality dependence

pr > 0GeV/c

ALICE : PLB 734 (2014) 314
PHENIX : PRL 95 (2007) 232301

pr>3 GeVic CMS: JHEP 05 (2012) 063
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Low-p;: SPS ~RHIC < LHC
More collision energies?
High-p;: (Re)combination less important

Stronger suppression at LHC than at RHIC

Higher collision energy?
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Beam energy dependence
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 SPS—>RHIC: Gradually increase
 RHIC->LHC: Significantly increase
« Consistently described by transport model
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Low-p+ J/y In PbPb at 5 TeV

arXiv:1606.08197
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0-90%: 1.13+0.02(stat.) = 0.18(syst.)

» J/y at low-p; at forward rapidity

* Less suppression at 5 TeV than 2.76 TeV

 But consistent within normalization uncertainties
dominated by 2.76 TeV pp reference extrapolation
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P+ dependence
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* “Hint” of increase from 2.76>5 TeV at 2<p,<6 GeV/c
* (Re)combination of flowing charm?
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High-p+ JAy In PbPb at 2.76TeV
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« CMS final results on Jhy In Pb+Pb at 2.76 TeV
 Better precision with finer centrality bins
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High-p+ J/w In PbPb at 5 TeV
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« Stronger suppression of high-p; J/y at 5 TeV than 2.76 TeV
 Because of different p; cut?
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P+ dependence

CMS VS = 2.76 TeV
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* Flat at 5<p;<~15 GeV/c and then increase with p-
 Stronger suppression at higher beam energy in overlapping p+
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Very low-p+ J/wy In peripheral AA

Ann. Rev. Nucl.
Part. Sci.55:271
(2005)

V=p,0 .0, Iy

RAA
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Very low-p+ Jhy at STAR
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t distribution consistent with
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v(2S) Results
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Rop(W(2S))/R , (IW)

High-p+ w(2S) In pPb

ATLAS-CONF-2015-023
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 Similar suppression in central collisions
 Hints of less suppression in peripheral collisions
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y(2S) In PbPb at 2.76 TeV
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 Relative more suppression at p+>6.5 GeV/c
 Relative enhancement at p>3 GeV/c
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v(2S) In PbPb at 5 TeV

PbPb 351 ub™, pp 25.8 pb™ (5.02 TeV)
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* Precision need to be improved
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High- pT \|/(28) In PbPb
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* Significantly stronger suppression with respect to J/y
« Same suppression for non-prompt y(2S) and J/y
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Y'(1S, 2S, 3S) Results




Y'(1S) in AA
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 Stronger suppression at LHC than at R?—HC | y
« Suppression of direct Y'(1S) in central collisions?
* More suppression at forward rapidity than mid-rapidity
(Re)combination?
Zebo Tang (USTC) 22

Hard Probes 2016, 9/23-27, 2016



Y'(1S) in PbPb at5 TeV

ALICE, Inclusive Y(1S) — p'u’, centrality 0-90% Q:g L ALICE, Inclusive Y(18) —» pu,25< y <4
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Hints of stronger suppression in more forward rapidity
Hints of less suppression at higher beam energy
Ratio(0-90%) = 1.30.2(stat.) = 0.2(syst.)

~1o higher than unity
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Y(2S) in PbPb
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* Double ratio ~1c higher at 5 TeV than at 2.76 TeV
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Counts

Y'(25+3S) In AuAu at RHIC
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* ~1.50 higher at 0.2 TeV than at 2.76 TeV
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Y(3S) in PbPb

PbPb 351/464 ub ™", pp 25.8 pb™' (5.02 TeV)

Q_ 1_6 |||\‘Illl‘llII‘llll‘ll\llll\llll\\lll\\ll

= [ %30 Gev 1
— . po” <30 GeVic T
2 1A o4 _C_MS ]
— -y <2 Preliminary T
- C pT>4GeV/c 1
= 1.2 95%CL T
a i 68% CL T
O | -
— C
08 T
& 0 6:50-100% 30-50% 0-10% 1 &
o 060 T =
SR 10-30% T %
— 0.4 T
o - T ]
) 0.2 T L 7
tl 0_ a1l ‘ | ‘ | ‘ || ‘ |Ii||||\||||\\|‘|\\||__

0 50 100 150 200 250 300 350 400

Npart

* Double Ratio < 0.26 (95% CL) at 5 TeV
* Double Ratio <0.17 (95% CL) at 2.76 TeV
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Summary (1/2)

Jhy
* Low-p+: Suppression decreases from 0.2 to 5 TeV
(Re)combination
* High-p;: Suppression increases from 0.2 to 5 TeV

QGP melting
* Very low-p;: Enhancement due to photo-production
W(28)+J/\V 027, 0.74T, 11T, 2.3T,
* Double ratio at high-p: — -
] € (GeV/fm?) XIIJ Xb
~1 in pPb for promt YGS) v(9) s,
<1 in PbPb for prompt A ”
~1 in PbPb for non-prompt 0 I
QGP melting
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Summary (2/2)

Y(]-S) 021, 0741, L1T, 23T,
* Y(1S)@LHC vs. Jy@ RHIC (low-y) @ ‘
QGP melting + (Re)combination S
Y(2S, 3S) = Y(1S) A
 Strong suppression in PbPb v A

QGP melting
« Hints of decrease then increase from 0.2-2>2.76-2>5 TeV
(Re)combination also plays a role?
~1-1.50 effect, statistical uncertainty dominant
More data needed to be more precise!

All the observed features can be explained in

QGP melting + (Re)combination picture (Iﬁan&you’
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I:{FB

High-p+ J/y In pPb

ATLAS PRC 92 (201 5) 034904

160 ATLAS Prompt J/qJ -
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1.2 —
0.8 * ¢ -]
0.6— ¢ CMS =
04 &7 Data ®0<ly_ 1<09 B
- @@ EPS09 NLO (arXivi13im 09<iy 1<15 .
0.2 o -
C 4-15<ly_1<193 3

I_ 1 | | 1 1 | 1 ‘ 1 1 1 | | IIIIIIIII ‘ 1 T

% 10 15 20 25 30

p; [GeV]

m

L
o

1.1

1

0.9

0.8

0.7

0.6

0.50 5

CMS Preliminary ~ 34.6 nb™' (pPb 5.02 TeV)

Prompt J/vy

IIII|IIII|IIII|IIII|II
|
1
1
:
1
I
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

—6.5< P, < 30 GeV/c
. #00< |yCM| <09
— 0.9 < |yCM| <15
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[GeV]

» Suppression at pr<10 GeV/c observed by CMS
« Suppression increases with event activity at forward
 Tension between ATLAS and CMS at p;<10 GeV/c
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Jhy elliptic flow

0. CMS PbPb |[s = 2.76 TeV
0-4_ . _I T | T T T | T 1T | T T T | T T 1 | T T 1 |
gL RU 200 GeY 00 % STAR preliminary - Prompt J/y Cent. 10-60% -
02f- + —~ 0.15F +1.6<|y]<24 =]y <24 -
0.1 z E . |
= o T 8 i ]
- =<' 0.1 .
0.1 E| - 1
020 ¥ Jiy—'u Iyl < 0.5, Runi4 i |
- ® J/y—e'e |yl <1, Runi0+11 B 7
03 [ maximum non-flow 0.05 B |
P, (GeV/c) L _
L1 11 | L1 1 1 | L1 1 1 | L1 1 1 | L 1 1 1 | L 1 1 1
00 5 10 15 20 25 30
P, (GeVic)
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y(2S) In pA at RHIC

:|p+p

Oy2s)
Oy(1s)

p/*He+A
[

PHENIX |5,,,=200 GeV

#_—
p—

—ﬂ_

PHENIX: arXiv:1609.06550

¢ °He+Au
¢ p+Au —p+Au co-mover
i ¢ p+Al —p+Al co-mover
Od+Au PRL 111 202301 (2013)
| L | | 1 | 1 |
-2 0 2
rapidity

=

* Indication of stronger suppression with respect to J/\y on A-going
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y(2S) In pPb at LHC

2.5 LI I L I B | I

I T T T I rr T T T I T L] L] I L] T T I T T T I T T L] ] E T I ' T T T I T T T I T T T I T
[ ALICE, p-Pb 5= 5.02 TeV, Jy, y(2S) — p'y ’ 16 I mxy
o 203<y <353 m -446<y_ <-2.96 LHCh —&§— LHCb, Y5pn=3 TeV
o[ PHENIX, d-Au {Sy= 200 GeV, J/y, y(2S) - &'e’ ] 14 pPb 5, =5 TeV —tp— ALICE, |5, =5 TeV

¢ ly,,/<0.35(PRL 111,202301(2013))

QGP+HRG (Du et al.) ] 1.2
203 <, <353

py<14GeVic PHENIY, |5, =02 TeV

1w

446<y  <-2.96 - 1

Comovers (Ferreiro)

[ —203<y <353 ]

I — 446y <296 1 0.8
1 | cms

B | i A mm ]

[ i — i 06

[ 3. :

Inclusive w(25)

i

- ,

0o 2 4 6 8 10 12 14;NI1>6 y T S R
ALICE, JHEP 1606(2016) 50 LHCb, JHEP 1603 (2016) 133

* y(2S) more suppressed than J/y in both forward and backward
e Comover interaction model describes reasonable well

Zebo Tang (USTC) Hard Probes 2016, 9/23-27, 2016 33



w(2S) in PbPb

PbPb 351ub™, pp 25.8 pb™ (5.02 TeV)

PbPb 351pb™, pp 25.8 pb™ (5.02 TeV)
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Y In pPb

% = ' ' T T T i T ] & L cvs ppb S =502TeV CMSPbPb\5, =276 TeV -
o 1_(5: ATLAS Preliminary . QM__ o Iy |<103 Le3inb! D Iy <24,L=150 b
1.4 p+Pb m= 5.02 TeV ] S C o ¥ 95% upper limit ]
S . D 121 PRL 109 (2012) 222301
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e 1 1 Mo “ --------------------------------------- — = ’
- m 5 T ]
0.8~ = 4 Zoer i i
F 1 2 + .
0.6~ - Eo06- —
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020  +ALICE, T(1S), p_ >0 GeV - - -
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-4 -2 0 2 4 C l ]
ATLAS-CONF-2015-050 /- ESITaS) ESITS
ALICE, PLB 740 (2015) 105

LHCb, JHEP 07 (2014) 094

« Suppression observed on p-going for Y'(1S)
* More suppression for excited states
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