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Screened QGP: quarkonia melting
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sequential melting of bottomonia in LHC
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CMS: Phys. Rev. Lett. 109, 222301 (2012)

quarkonia are small objects,
dissolve in the medium when
the screening length of the
plasma becomes
comparable to the their radii
(Matsui & Satz)

sequential quarkonia melting
— a QGP thermometer ?



Charmonium: survival vs. re-generation

=-
= §1 al- m ALICE (Jy|<0.8, +13% syst. uncert.) _]
am B --- Statistical Hadronization Model ]
1.2 —
e S
0.8~ H-] v T $ EE -
0.6~ e -
0.4 N
0.2 .
B Pb-Pb SNN—Z 76 TeV ]
1 1 1| 1 | 1 11 1 | I I I | |
% 50 100 150 200 250 300 350 400

ALICE: arXiv:1311.0214

= o 1.2

%n:ﬁ B ® ALICE (ly|<0.8, +13% syst. uncert.) i
;[ Transp. model (TAMU) "~ primordial b
L --- (re)generated |
B —— total i
0.8 — —]
0.6 — _
0.4 — —]
0.2 — —
e Pb-Pb 5.'_ =2. ?5 TeV

P s L Ll 1 v
DD =0 1 DD 1 5[]I 2[}[} 25[} BDD 35[} 4[}0

Andronic: Quark Matter 14

statistical hadronization model:
all primordial charmonium melt

within QGP; only get
re-generated from deconfined
charm quarks during
hadronizarion

part

part

Zhao & Rapp: NPA 859, 114 (2011)

transport model:

~1/3 of the primordial charmonium
survive within QGP; ~2/3 are
re-generated from deconfined
charm quarks during
hadronizarion

(lattice) QCD: does all charmonia get melted/deconfined in QGP? °



Melting of open charm hadrons e can be probed relying
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Charmonia melting from LQCD via analytic continuation

temporal correlation function of charmonia /_\ -

always limited to physical distance of 1/T

C(t,T)= ( d_wgw,T)cosh[w(r—sz)]
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spectral function

width

reconstruct through analytic continuation:
Euclidiean — Minkowski

c(w)

decay ll-posed:
constant Bayesian (maximum entropy) method

require lattices with vary large
temporal extents
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Charmonia melting from LQCD via analytic continuation

temporal correlation function of charmonia /_\ -

always limited to physical distance of 1/T |
cosh[w(t—1/2T)]
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alternative / complementary
avenues ?

reconstruct through analytic continuation:
Euclidiean — Minkowski

ll-posed:
Bayesian (maximum entropy) method

require lattices with vary large
temporal extents

LQCD studies a far-from-physical

mostly in quenched QCD:

neglecting dynamical light quarks °



Spatial correlations of charmonia

spatial (screening) correlation functions |
of charmonia |
|
|
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temporal correlation function: C(t,T :f 2—‘” o(w,T)
0

cosh|[w(t—1/2T)]
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spatial correlation function:

5 is not limited to the physical distance of 1/T

5 transport-type zero mode contribution: o (0)~w & (w)
does not lead to a non-decaying constant at large distances,
only generates a contact term

5~ the kernel is T independent — direct comparison with T=0
correlation function possible 7



Lattice trivia
2+1 dynamical flavors: m,~160 MeV, m,=physical

Highly Improved Staggered Quarks: N.=12 ( x48°)

guenched charm quarks < no dynamical charm loops
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1S charmonia in medium

+++ comparison of T>0 & T=0 spatial
1.0 am ﬁ” + correlation functions provide direct
i signatures for significant thermal
H{, + + modifications at

T=175 MeV ~1.1T,
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1S charmonia in medium
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modification of charmonia

at T=1.25T_is comparable
to the modification of

open charm mesons at T~T

gquantum number based
studies — open charm
mesons melt around the
crossover region

T=1.1T,
1S charmonia is melted ?
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Screening masses of charmonia B

[ 2do [, &
C(Z’T):f on f dp,e™o(0.p,.T) M : screening mass
0 —00
high T, non-interacting 5
quark—antiquark pair: > M=2(n T 2+m2

low T, well-defined mesonic bound
state: o(w,p.)~d(0 —pi-m?. ) >

mes

a trick: one can study the onset of T dependence of M more clearly by
imposing a periodic temporal boundary conditions for the
valence charm quarks along with the usual anti-periodic ones

high T, no minimal Matsubara B

mode: :l/’\ M=2m,
low T, bosonic meson bound states B
insensitive to fermionic b.c at the :> M= Mg

quark level: "



Screening masses of 1S charmonia
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thermal modifications to charmonia are not significant,
well-described by their vacuum masses for T < T,

significant thermal modifications and possible dissolution
of charmonium states for T = 1.1T,
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1P charmonia in medium

similar significant thermal
modifications of the 1P
charmonium states for

T=175 MeV

no hint for sequential melting
of 1S and 1P states
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Summary

state-of-the-art LQCD studies of screening properties
of in-medium charmonia with 2+1 flavor of light quarks

spatial (screening) correlators have many advantages;
complementary to more common temporal correlator
based studies

direct comparison between T>0 & T=0 correlation functions
possible without reconstruction of the spectral functions

significant thermal modifications and possible dissolution
of charmonium states for T =175 MeV

no hints for sequential melting of 1S and 1P states
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