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Outline

1) Charmonium (J /vy, ¥(25) ) in large QCD medium (AA)
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exotic hadrons in AA

2) Charmonium in small colliding system (pA)

R{4/A"’, Rfflzs): color screening + dissociation

3) Photoproduction from EM fields, (R,, > 1 at p;<0.1)
EM field > y+4-JAp+A
charmonium at pr < 0.1 GeV ~1/R,



Heavy ion collisions
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Quarkonium R44 (N, 7, Y)



LHC collision energy

® /v yield enhanced by regeneration in experiments at LHC
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More heavy quark pairs in higher collision energy



Theoretical models
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Theoretical models
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Theoretical models
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Theoretical models
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Quarkonium is treated as an open quantum system



Theoretical models
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Figure 13: Comparison of the evolution of a pair of heavy quarks initially prepared in a J/¥
state with or without considering the transition into octet states. The screening radius is

D =m51.
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Quarkonium is treated as an open quantum system
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pr dependence

Primordial production V.S. regeneration
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pr dependence
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Rapidity dependence

® R,,(y) nuclear modification factor with rapidity

with the rapidity dependence of
cc production cross-section
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Sequential Regeneration (15,2S5)
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Quarkonium collective flows

(v, V2,V3)



Elliptic flow v,
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Directed flow v4

200 GeV, Au-Au, semi-central collisions
Charmonium directed flows
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Charm directed flows:=> charm carry collective flows from QGP expansion .
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triangular flow v4
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Exotic hadrons in AA

(ccqq )



Exotic hadron (ccqq) in AA

Charmonium Tetraquark (4q) D° — D*® molecule
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Some reference about X(3872) production in HIC:
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B. Wu, Rapp, EPJA 57, 122 (2021);
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BYC, Liu, et al, 2107.00969

Zhao, Zhuang, et al, Phys.Rev.D 102 (2020) 11, 114001 (fully-heavy tetraquark)
In pp:

Braaten, et al, Phys.Rev.D 103 (2021) 7, L071901

Esposito, Ferreiro, et al, Eur.Phys.J.C 81 (2021) 669

Huang, Zhao, Zhuang, Phys.Rev.D 103 (2021) 5, 054014

F.K. Guo, Liu, et al, Rev. Mod. Phys. 90, 015004 (2018) 21



dN /dy

Exotic hadron (ccqq) in AA
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quarkonium in p-Pb @5.02 TeV
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Nuclear modification factor
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Final state interaction is needed to explain different R,, of 1S and 28.



Collective flow

elliptic flows in small colliding system
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Bo-wen Xiao, et al, PRL 122 (2019) 17, 172302
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pPb @ 8.16 TeV mid-rapidity high-multiplicity

—a— ALICE J/¥ -4.46<y<-2.96
—e— ALICE J/¥ 2.03<y<3.53
—e— CMS J/¥

1 J¥

Zzz71 P(2S) g} =

Transport model,
Du, Rapp, JHEP 03 (2019) 015

Cold nuclear matter effect dominate the heavy quarkonium elliptic flows.
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Quarkonium photoproduction



Photoproduction by EM fields

v=0

Strong Lorentz-contracted Electromagnetic field (transverse)
approximated as longitudinally moving photons

Prog.Part.Nucl.Phys. 39,503-564, 1997

Equivalent-Photon-Approximation
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Photoproduction by EM fields

pp:
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Transport + photoproduction
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Transport model (heavy quarkonium)
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When N, 2 0 (b > 2R,),

hadroproduction = 0,
photoproduction = nonzero,
R 4,472 infinity (pT<0.1)

1 Shi, Zha, BYC, PLB 777 (2018) 399-405
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Transport + photoproduction

2 O - I & 1°2§ T " STAR Preliminary ]
18 - 2.76 TeV Pb-Pb - phOtO = = Au+Au 200 GeV
Fooeaa e init . +p baseline uncertain
1.6f; 25<y<s 3 ol —greboniml
2 1 4;_ _; i centrality: 20 - 40% ]
2 - ]
6« 1.2 -
53 F -
c 1.0 =
. 1 4 0
0.8F R L ‘ o gy
0.6F ] [ﬁ .
04— "————— o™ = e —
0o AN —— . 1072 107" 1 10
2l = P, (GeVic)
0.0: = e E 2
10" p.(GeV/c) 1 10 210 T T T T TSTAR Pfelirhiha'ry”é
= Au+Au 200 GeV
* U+U 193 GeV
W p+p baseline uncertainty
Sudden enhancement at pT<0.1 GeV/c 0F ¢ BN uncertainty
i 0 7 centrality: 40 - 60% .
SR ]
[ .
1 - L] -
g g @ " I.
] ] ] > A i P ,l_1 " i A " el
More charmonium photoproduction in HIC: 10 10 Y e
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summary

» We review some classical and quantum models developed
recently for quarkonium evolutions in the hot medium.

» Quarkonium production mechanisms in different transverse
momentum bins are discussed in different models.

c+c—J/Yv+g
regeneration

pr~1/R; < 0.1 3~5
YA-J/Y A 99qq) —>J/Y g
Photoproduction Initial production

—  Sequential dissociation, sequential regeneration,
RAA(Np, pT, y)

Collective flows (v1, v2, v3) in AA and pA
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summary

» We review some classical and quantum models developed
recently for quarkonium evolutions in the hot medium.

» Quarkonium production mechanisms in different transverse
momentum bins are discussed in different models.

c+t+c—J/Y+g
regeneration

* pT (GeV/c)
YA->J/Y A 99qq) - J/Y g
Photoproduction Initial production

Thank yow very much
for your attentiow !
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