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Quarkonium in nuclear matter

* In heavy ion collisions at RHIC hot and dense quark
gluon plasma is created

* Heavy-flavor quarks are good probes for studying QGP

> M, >> T, Agep, Myg4e: produced dominantly by
high-Q? scatterings in the early stage
* Due to color screening of quark potential in QGP
guarkonium dissociation is expected

T=0 T>T>0 T>T.
A.Rothkopf HP12



Quarkonium in nuclear matter  STAR

- Sequential melting: suppression of different states is determined by "

medium temperature and their binding energy - QGP thermometer
H. Satz, Nucl. Phys. A (783):249-260(2007)

T < T, T =12T, T= 3T,
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* Hot nuclear matter effects
« Dissociation
* Regeneration from deconfined quarks
« Medium-induced energy loss ; [T o | :
 Formation time effect '

 Cold nuclear matter effects
g NUC|ear absorptlon, gluon ShadOW|ng’ https://indico.cern.ch/event/443462/images/6069-hf_cartoonl.png
Initial state energy loss, Cronin effect

and gluon saturation.
 Feed-down from excited states and B-hadrons



STAR experiment
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J/p production in 200 GeV p+p collisions
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Precision measurement of J/y production cross-section for p= 0 to 14 GeV/c
Consistent with CEM (direct J/y production only)

and NLO NRQCD (prompt J/y)

CGC+NRQCD seems to overestimate the data in the low p;



J/@ production vs. event activity Iin
p+p collisions

STAR 2012: PLB 786 (2018) 87-93
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« Relative J/y yields as a function of event activity N, rises faster than a
linear function
« Similar trend at different collision energies

« PYTHIA, EPOS3 and Percolation model can qualitatively describe the
rising trend



J/p and y(2s) production in 200 GeV p+Au
collisions SIaR
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* Models with only nPDF effects describe the data at high p+, but underpredicts
the suppression at low p-
« Additional nuclear absorption is favored by data

* First Y(2S) to J/W double ratio measurement from STAR between p+Au and p+p at midrapidity

at RHIC: 1.37 *#0.42(stat.) £0.19(syst.)
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J/y production in 200 GeV Au+Au collisions STAR
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ALICE, PLB 734 (2014) 314

- P, e 0 GeVic STAR preliminary

— ¥ STAR: Au+Au, |s,, = 200 GeV, Jiy—p*y, |y| < 0.5

C O PHENIX: AusAu, {5, = 200 GeV, Jiy—e*e’, |y| < 0.35

E m ALICE: PbaPb, {5, = 2.76 TeV, Jiy—e’e], |y| < 0.8

— pr >0 GeV/c I

aille y

¥ !

- s F

- A 9 n

- [ @

- ©

= STARN,_, uncertainty

T— 11 1 | | I | | | | I | | I ‘ L1 1 | | | I | | |

0 50 100 150 200 250 300 350
Npart

PHENIX, PRL 98 (2007) 232301

Suppression in central collisions at low p+:
« dissociation, Cold Nuclear Matter (CNM) effects, regeneration

Suppression in central collisions at high p;: due to dissociation

LHC vs RHIC:
« More regeneration at LHC leads to less suppression at low p+
» Higher temperature at LHC, higher dissociation leads to more suppression

at high p;
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CMS, JHEP 05 (2012) 063 part
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J/y production in 200 GeV Au+Au collisions STAR
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Tsinghua at RHIC: PLB 678 (2009) 72, Tsinghua at LHC: PRC 89 (2014) 054911
TAMU at RHIC: PRC 82 (2010) 064905, TAMU at LHC: NPA 859 (2011) 114
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* Models can describe centrality dependence at RHIC, but overestimate
suppression at the LHC at low p;

« At high p; both models can qualitatively describe data at RHIC and LHC
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* Recombination effects
— J/ly : Evidence for large effects.
— Y: Expecting negligible contribution.

c.. @ RHIC: 797 + 210 *208 .. ub. (PRD 86, 072013(2012))
o, @ RHIC: ~1.34 — 1.84 pb (PrD 83 (2011) 052006)

« Co-mover absorption effects

— Y (1S) : tightly bound, larger kinematic threshold.

* Expect ¢ ~ 0.2 mb, 5-10 times smaller than for J/y
— Lin & Ko, PLB 503 (2001) 104
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Y(1S,2S,3S) in 200GeV and 500GeV
p+p collisions

- STAR p+p @ 500 GeV
—L ~ 22 pb

-STAR Preliminary j

s
s

N..
N, .+N_.
CB + DY + bb + Y(1S+25+38)

CB + Drell-Yan + bb
Comb. Background (CB)

0<p_<10 [GeVic] |y|<1
Y(1S) = 544 + 34
T(25+3S) = 156 + 27

M,.. (GeV/c?)

“Y(1S+2S5+3S)

% STAR Vs = 200 GeV
% STAR Vs =500 GeV
‘ﬂ? STAR Vs = 200 GeV Published
lyl < 0.5 @ CFS, p+A
M E605, p+A
A CCOR, p+p
¥ R209, p+p
O R806, p+p
CJUA1, p4+p
/\ CDF, p+p
O CMS, p+p

—— NLO CEM, MRST HO,
m=4.75 GeV/c?, m/u=1

STAR Preliminary
O

- 2 — 3
10° /s (Gev)'°

Y signal shapes modeled by 3 Crystal-Ball functions
bb+Drell-Yan correlated background determined using MC simulation
STAR results follow the world data trend

Consistent with the Color Evaporation Model calculation
[Phys.Rep. 462, pp.125-175(2008)]
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Y(1S) and event activity
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Data consistent with a linear rise(black line), with a hint for stronger than
linear rise for Y(1S) above pt> 4 GeV/c
Similar trend at RHIC and LHC for Y(1S) and J/y

[JHEP04,103(2014)],[Nucl.and Part.Phys. Proc., 276-278, pp.261-264(2016)],[Phys.Lett.B 712,165-175(2012)]

Hints of interaction between strings of color field in high multiplicity collisions
or production in MPI

[Phys.Rev. C, 86, 034903 (2012)]
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Y(1S,2S5,3S) In 200 GeV Au+Au collisions

1.4 30;60% 10|—30% 0]10%
- Au+Au@200 GeV, lyl<0.5
12 ¥ T - pp (2014 +2016)
X T - e'e (2011
1 o1 a1 ot Yo el ol ataleroalaafaiatata ataleiee/aatalatale atel=i=sl=atalaiasletel=iats/atataieialsl=tel=iatslalatel=ialsiatelaiatsiatatala et=l="s
s 0 STAR Preliminary
o 08|
~ L
N
= 0.6
— L
04 @
0.2 - N_,, uncer! tainty
0 1 L 1 L | L 1 L
0 100 200 300 400
N art
P

RpA, AA

1.4

1.2

0.6

0.4

0.2

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

- % T(1S): Au+Au@200 GeV, lyl<0.5
— ¥ Y(25438): Au+Au@200 GeV, lyl<0.5
¥ Y(1S+25+438): p+Au@200 GeV, lyl<0.5

i @ $% STAR Preliminary

combined

B N, uncer tainty % $
o 100 200 300 400
Npart

* Dielectron and dimuon results consistent with each other

« Stronger suppression of Y(2S + 3S) than Y(1S) in central coll.
« Consistent with sequential melting expectations
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Y at RHIC and LHC
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Phys. Lett. B 770(2017) 357
« Similar suppression for Y(1S), despite higher medium temperature at the LHC

 Regeneration? Larger at LHC than at RHIC
 CNM effects
* Indication of smaller suppression for Y(25+3S) at RHIC than at LHC
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Data to model comparison
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Y(25+3S) underestimated in 30-60% centrality by Rothkopf model 15



Summary

J/g in p+p at 200GeV
* Models describe the charmonium production cross-section well
« Relative J/yp yield as a function of event activity rises faster than a linear function

J/g in p+Au at 200GeV
* Rpaufavors additional nuclear absorption on top of nPDF

J/g in Au+Au at 200GeV

* R, described qualitatively by models including dissociation and regeneration
* Suppression observed at p>5GeV/c due to dissociation

Y production in p+p at 200 GeV and 500GeV follow the world data trend

Y production in Au+Au at 200GeV
« Stronger suppression of Y(2S + 3S) than Y(1S)
» Consistent with sequential melting
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