Quarkonium as a Probe of QGP
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& Why is quarkonium a thermometer of QGP ?
Heavy quark properties are not changed in hot medium. Electrons are used to probe the
QED structure of a nucleon, heavy quarks can signal the QCD structure of the fireball in HIC.
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“aco quark mass (Mev) electrons and heavy quarks as QED and QCD probes

Zhu, Bleicher, Huang, Schweda, Stoecker, Xu, Zhuang,
PLB647 (2007) 366-370

4 Cancellation between suppression and regeneration !
4 How to increase the sensitivity of the thermometer ?
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w© "Ofrom Lattice Simulation

Burnier, Kaczmarek, Rothkopf, JHEP1610, 032(2016):

1) extracting potential V=Re[V] + i Im[V] from lattice simulated spectral function
O Re[V]is close to F.

2) parametrization of the potential via an extended Gauss law

O Debye screeningmass & Y.
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Other lattice simulation (H.Ohno):
the limit temperature of Jf 1.25 "Y supports V=F.

The complex potential is used to describe  suppression at LHC (G.Wolschin).
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w© "Yfrom T-matrix Approach

Liu & Rapp, NPA941, 179(2015):
T-matrix approach with complex potential:
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How to Distinguish Hot Mediums ?

) oM QM

initial production: 1) broadening due to Cronin effect and leakage effect

regeneration: N suppression due to energy loss and coalescence at later stage.
t¢o. .- 1 N distribution can distinguish hot mediums
o8 %/ 1 at SPS, RHIC & LHC!
[ Vo ]
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o.af I 1 Dynamical approaches for quarkonia evolution in QGP:
0.2 VAR 1 kinetic approach (Rapp et al.),
" .. . .| Schroedinger-Langevin approach (Gossiaux et al.),
"2 a4 6 8 10 12 . . L
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& quarkonium motion
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Charmonium 0 Distributions
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1) Cold medium effect explains Uff distributions reasonably well,

2) The difference between Uff and[ ashows a sizeable hot
medium effecton| &

3) Much more strong ) broadening for[ gneed to be confirmed
experimentally.

4) Puzzle: UFf enhancement and [ asuppression at backward rapidity!

Chen, Guo, Liu, and Zhuang, PLB765 (2017) 323
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Charmonium Enhancement at FCC

7

a Charm production in QGP:

g

4 Charm evolution in QGP

O + Vg - (nevr) +
coshn Tcoshn

80% enhancement at FCC !

4 Charm evolution in QGP

JIf enhancement at low 1} :
Y ) poY (n) p!
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Levai, Muller and Wang, PRC51, 3326(1995).
Kaempfer and Pavlenko, PLB391, 185(1997).

Uphoff, Fochler, Xu and Greiner, PRC82, 044906(2010).
Zhang, Ko and Liu, PRC77, 024901(2008) , ¢é é
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Motivation to Study Multi-charmed Baryons

1) and i are hardly produced in pp collisions, due to small production cross section
. ( ) 0. 06 ~-Mba¥T&e\and. 1~ A 4G e \(Bjorken 1986 and Chen, 2011)
.,  ~10nbatl.8 TeV (PRL89 (2002) 112001).

SELEX Collaboration claimed the observation of © , but FOCUS, BaBar, Belle, LHCb failed
to reproduce it in elementary collisions.

2) However, coalescence among uncorrelated charm quarks in A+A may significantly enhance
the production probability,
0(h )~0 h O(C )~0 h O Dp matLHC!

3) If they are discovered in A+A collisions, it is a unique signal of QGP!

4) Exotic baryon states at quark level

a® a" fK o< 1/a
: NN
1) Borromean rings \\ G
\
& | ' < o
\ 03]
! _.{0 N
. 2) Efimov states (PLB33, 563(1970)), \ a®
discovered in cold atom gas \y

(T.Kraemer et al., Nature 440, 315(2006)).
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Significant Enhancement and Exotic States
He, Liu, Zhuang, PLB746, 59(2015), Zhao, He, Zhuana. arXiv:1603.04524. PLB. (2017)
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4 Coalescence on hadronization surface

in central Pb+Pb at 2.76 TeV,
, X o® pTEQ
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., X &M
Conclusion: enhance

nt by 6 orders !

4 Borromean fing and Efimov sfates

possible realization in heavy ion collisions !
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