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J/Y suppression by quark-gluon plasma formation

Matui & Satz, PLB 178, 416 (1986), most cited paper in RHIC (2774 citations in inSpire)
) | |

= Correlation of Polyakov loops in
lattice gauge theory at finite temperature
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= Expect to lead to Debye screening
of gluonic interaction
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= Dissociation of charmonia takes place

i . if v (T) or E(T)is sufficiently small.
L1 1 |
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T(Mev) = Melting of charmonia in QGP and thus
Fig. 1. Temperature dependence of the correlation length. as thEir SuU ppreSSEd prOdUCtion in HIC

obtained in SU(2) gauge theory (solid dots, from ref. [5]) and
in SU(3) gauge theory (open circles, from ref. [6]): here 7,.=200
MeV was used to fix the scale.



Quarkonia in QGP
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N, per central collision
WP

Charmonium regeneration from QGP
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Initial number of unbound charm quark pairs

Thews, Shroedter & Rafelski,
PRC 63, 054905 (2001)

Central collisions at RHIC
Ty: Initial temperature
N;: Initial J/1) number

Formation rate: Ap= (Ucc—>]/¢gv>
Destruction rate: Ap= (a]/lpg_,ccv)

= Charmonia enhancement when
initial charm pairs are large.

= Sufficiently large cross section
can lead to chemical equilibration
and thus the statistical model
description of Andronic,
Braun-Munzinger and Stachel
[NPA 789, 334 (2007)].



Nuclear modification factor for J/vy

Song, Han & Ko, PRC 84,
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* Most J/\y are survivors from initially

produced

* Kink 1n R, , 1s due to the onset of initial
temperature above the J/y dissociation
temperature in QGP

* Inclusion of shadowing reduces slightly R, ,



Screened Cornell potential for heavy quark and
antiquark in QGP

» Screened Cornell potential between
charm and anticharm quarks
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QCD sum rule study of J/y

HW(CI) =

.7 — :

.6 [ v=U -e- /./‘Q

& | acpsr, T=0 -o i

At 4

3}

2}

1}

3 L

9}

.8 : : :

0.8 0.9 1 1.1
T/T

0.

]

(g
~
- 0

[w(0)| [GeV

0.

35

0.3

.25 |

o
o
N

Lee, Morita, Song & Ko,
PRD 89, 094015 (2014)

[t el e@)e(0)1e0):

= Results favor free energy as the potential between charm and

anticharm quarks near T..




Thermal properties of charmonia

» Binding energy 3
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Thermal properties of bottomonia
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Quasiparticle model for QGP P Levai and U. Heinz, PRC, 1879 (1998)
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= Resulting EOS 1s similar to that from LQCD by the hot QCD
collaboration, and the difference 1s smaller than that between

the hot QCD and Wuppertal-Budapest Collaborations



Thermal decay widths of quarkonia Song, Park & Lee, PRC 81, 034914 (10)

= Thermal dissociation width

= Dissociation by partons (NLO pQCD)
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Directly produced J/vy Song, Park & Lee,

PRC 81, 034914 (10)
= Number of initially produced * Nuclear absorption
N =0 AT, (b) - Survival probability
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Regenerated J/y

dN.
Rate equation for J/y production ? = -T; (Ni — qu), N = y’Rn "V
= Charm fugacity is determined by = Charm relaxation factor
N [1 m I(;myV) ey |V =0 AT () R=1 —exp{— fdrE(T(t))}
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section in NN collision; ~ 119 pb . o,
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as J/y 1s more likely to be formed if
*  PbPb @ LHC charm quarks are in thermal equilibrium
Au+Au @ RHIC | 03 .
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reproduced by
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0.1 . from parton
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Nonequilibrium effects on J/'¥ production

thermal

./ (dN,, /dydt)

Tsallis

(dN,, /dydt)

* Nonequilibrium effects can be approximated by the relaxation factor

Song, Han & Ko, PRC 85, 054905 (2012)

1.0
RHIC —
|---T=10T o
0.8- i e -
Al it T=15T PR S
c s
oo
0.6 L2 -
’ /,," /s’
7/ ://,'
0.4 - ///// il
/ .

v . :/:/' LHC |

yOaRes ----T=10T
0247/ .7/ ¢ -

(-] - T=195T_
|72 —— 1-exp[-t/t__ ]|

0.0 - . - . - '
0 1 2 3

t/t .
relaxation



Nuclear modification factor for Y'(1S)
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» Regeneration contribution 1s negligible
* Primordial excited bottomonia are largely dissociated
* Medium effects on bottomonia reduce R, , of Y(1S)



Bottomonia in anisotropic hydrodynamics
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Strickland, PRC 92, 061901 (R)
(2015)

= Potential: in-medium Cornell
* Dissociation: LO pQCD

* Dynamics: anisotropic hydro
= Sensitivity to /s

10

4m/S =1
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osl | 4m/S =3 o 0 - 100%
. O Y(1s), CMS Preliminary 0 < pr < 40 GeV
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J/Y production at RHIC by Tsinghua Group

= Dissociation temperature: T, = 1.92 T, Liu, Qu, Xu & Zhuang,
= Dissociation cross section: vacuum gluo-dissociation PLB 678, 72 (2009)
* Dynamics: ideal hydrodynamic
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T-matrix approach to guarkonia and their production in HIC

Raa(Y(1S))

Raa(Y(15+25+3S))

Du, He & Rapp, PRC 96, 054901 (2017)

In-medium binding and dissociation rate using potential from T-matrix fit
to |QCD spectral functions.
Fireball dynamics with IQCD equation of state.
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Thermal decay width of Y(1S) in different models

107

10_2':"’

, Strickland |
1074, —— Ours (V=U) 1

thermal decay width of Y(1S) (GeV)

0.2 0.4 | 0.6
temperature (GeV)

= Thermal decay width
- Rapp: quasielastic scattering
- Zhuang: OPE by Peskin
- Strickland: LO pQCD
- Song: NLO pQCD

= Very different thermal decay widths are used in different models



J/y elliptic flow Song, Lee, Xu & Ko, PRC 83, 014914 (11)

6 | | | 2
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S| s | p=tanh(v;)=transverse rapidity
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i R . Av = (v,-vy)exp[-Cpy/n]

gt 1 with C=1.14 GeV! and n= number of

0.0 0.5 1.% (ééSV/C)Z'O 25 3.0 quarks in a hadron
T

* Initially produced J/y have essentially vanishing v,
» Regenerated J/y have large v,
* Final J/y v, 1s small as most are initially produced



Effects of initial fluctuations on bottomonia production

Song, Han & Ko, NPA 897, 141 (2012) 27
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* Initial fluctuations obtained from AMPT affect R , , of bottomonia in peripheral
collisions and at low pr. 21



J/v production in p+Pb at \ San=23.02 TeV

- . Liu, Song & Ko, PLB 728, 437
P ] (2013)
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* Including hot medium effects better

= Most central 10% collisions describes data

from AMPT IN
— = —I'(N — N®), N =(1+ 1/NC)72RnGCV 59



Summary

= Jhy survives up to 1.7 T, and Y(1S) survives up to 4 T..

* Most observed J/y and Y (1S) are from primordially produced;
contribution from regeneration 1s small at present HIC.

» Various models with different assumptions can describe experimental
data.

» Elliptic flow of regenerated J/y 1s large, while that of directly produced
ones 1s essentially zero. Studying v, of J/y 1s useful for distinguishing the
mechanism for J/y production in HIC.

* [nitial fluctuations affect R, , of bottomonia in peripheral collisions and at
low pr.

* Hot medium effects describe better J/y data from p+Pb collisions.

= Quarkonia production in HIC is consistent with formation of quark-gluon
plasma but has not yet provided information on its properties.



