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Outline

O Brief infroduction toQGP, heavy quark
bound states and Thermal Field Theory

Potenftials in two different tfemperature
regions

Conclusions

Sources:

N. Brambilla, J. Ghiglieri, P. Petreczky and A. Vairo, “Static quark-antiquark
pairs at finite temperature,” arXiv:0804.0993 |hep-ph].




The Quark-Gluon Plasma

A new state of matter

It forms at high tfemperatures/densitiesT¢ ~ 175MeV

Screening of the non-abelian charge,
deconfined phase

eavy ion collisions (SPS, BNL, ALICE at LHC)







The J/Psi as a QGP probe

Proposed in 1986 by Matsui and Satz
Clean leptonic decay

Hypothesis of thermal dissociation
above the critfical temperature

The study of the potential in different
temperature regions can provide useful
Information, without resorting to models
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Potentials

O Potential models
0O Phenomenological nature
0O Infroduced early (70’s)

0 Example: Cornell v () = . =

SEHE
O Effective field theories: modern and

rigorous definition of the potential
(last 15 years): NRQCD, pNRQCD




O Non-relafivistic freatmen
due to the large mass of the

O Hierarchy: T > mMuv > T

-

Hard scale

A

. possible
neavy quarks

2

O Another scale in QC

Soft scale

Ultrasoft scale

B hioen

0O Many scales, EFT more suitable

O We consider the static Iimit m — oo




Temperature: more scales

m S>> mu > mu?
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Debye scale
Screening scale

1 1
0 Wes’rudyT>>sz; and ;>>T>>mp > AV

O Perturbative study




Real-time formalism

AIm t

Real particles (1)

0O Evolution along
/ A Ret this path
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0O Doubling of the

Virtual particles (2) degrees Of
freedom
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Potential for 7> - ~mp
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O Integratfion of the scale T. the longitudinal
gluon propagator (Coulomb gauge)
acquires a mass (the Debye mass):

i i No N
. 2 22 C i
, 2 e G
G s e (3+6>

ntfegration of the scale 1: we obtain the
potential g




e 1
Potential for 7> - ~mp

g°Cr (6 20T /OO dzsin(mprz)>
0

47 mpr (22 + 1)?

/ b

Real part: Imaginary pari:
Debye potential decay
screening Landau damping

O We have obtained the result of
M. Laine, O. Philipsen, P. Romatschke and M. Tassler, JHEP 0703, 054 (2007)

larXiv:hep-ph /0611300].
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Potentlal for — > T > mp > AV
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I’r IS hecessary to compulre the vacuum polanzo’nons

of finitg temperaturg }, = 5 }, =

bl

N , 11
The cdmiputation is ca@ out without @hierarehy
assumption "

Only att the end of the computation we ctin consider

the contribution from the various momentum regions
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Contributions from the sca

Conftributions from the sca

Contributions from the sca
Imaginary part

0O Singlet->octet thermal dissociation
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Singlet to octet thermal dissociation

0O Energetically forbidden at T=0
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Conclusions

O Rigorous QC

.

3

D study of the potential
1

O New results in theregime - > T

r

O New thermal dissociation process

0O Possible predictions on J/Psi and Y
phenomenology in the QGP




