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Heavy Quarks insensitive to
Chiral Symmetry : Quarkonia probe
Dynamics of Confinement
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Quarkonia and Quark Gluon Plasma

From Helmut Satz, Lecture lll @ LNFI .

hMatsul & HS 1986, Karsch et al. 1988

e QGP consists of deconfined color charges, hence

3 color screening for QQ state

e screening radius rp(1’) decreases with temperature T

e if rp(T) falls below binding radius r; of QQ state 1,

Q and Q cannot bind, quarkonium 7 cannot exist

e quarkonium dissociation points 7T;, from rp(T;) = r;,

specity temperature of QGP




From H. Satz, Lecture Il @ LNFI

Color screening = binding weaker and of shorter range

when force range/screening radius

become less than binding radius,

Q and (Q cannot “see” each other

= quarkonium dissociation points

determine temperature = energy density of medium

How to calculate quarkonium dissociation temperatures?

e determine heavy quark potential V (r,T") in finite tempera-
ture QCD, solve Schrodinger equation

e calculate in-medium quarkonium spectrum o(w,T') directly
in finite temperature lattice QCD




T melting from potential models:
ambiguous results, pure QM not
really justifiable
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T melting from lattice QCD + MEM
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the default model miw) = 0001 has been used.

Tentative summary of present results (H. Satz)
e J /v survives up toT' ~ 1.5 — 2.0 T,
e v and 7 dissociated at or slightly above T

e in accord with U-based potential studies




‘ How to calculate quarkonium dissociation temperatures?

® determine heavy quark potential V (»,1") in finite tempera-
ture QCD, solve Schrodinger equation Ambiguous

e calculate in-medinum quarkonium spectrum o(w,T') directly

in finite temperature lattice QCD Still too expensive

THIS TALK: ;
LATTICE QCD for light quarks + NRQCD for bottom
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Three steps to Bottomonium:
1. Work in Euclidean space.....

o [P dw coshlw(r=1/2T)]
G(1) = — M plw).
Jo m  sih(w/2l)

Nontrivial spectral weight at small w yields a constant 7-
independent contribution to the correlator, which must

be treated with care Laine, Petreckzy et al.



..use NRQCD - still valid in our T range

w = 2M + W’
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Laine et al 2010



Step 2:

Full Relativistic Lattice QCD for light quarks with
asymmetric gauge couplings to increase number
of points in t-direction

a=t T (MeV) T'/T. No. of Conf.

12 80 7.35GeV 90  0.42 74

12 32 7.06GeV 221 1.05 500
12 24 7.06GeV 294 1.40 500
12 16 7.06GeV 441 2.09 500




Step 3 : NRQCD for bottom quarks

Check: Zero Temperature Results
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:RESULTS

Merg(7) = — log|G(7) /G (T — a-)]

Free quarks

G(r) ~ 77

ertr) = ) Ol ban) 2 G )



Effective mass forthe Y




Effective mass for the y




( propagators and power law at T = 2.09 Tc:
consistent with a free behaviour!




Y and (NO) free behaviour

T=0.42T
T=1.05T,
T=1.40T
T=2.09T,
---+ free field




¥ free behaviour at T = 2.097Tc

T=0.42T
T=1.05T
T=1.40T
T=2.097

-+ free field




Summary

We have studied the temperature
dependence of bottomonium for T<T 2.1
Tc, using nonrelativistic dynamics for the
bottom quark and full relativistic QCD for
two light quarks

The U Is insensitive to the temperature in
this range

The y show a crossover from an
exponential decay characterizing the
hadronic phase to a power-law behaviour
consistent with nearly-free dynamics at 21c




