
pNRQCD   for the study of nonequilibrium evolution 
of quarkonium in a medium 

EQUILIBRIUM QUANTITIES: Potentials, 
energies, dissociation T, how to use lattice input 

Results obtained in collaboration with :

 M. Escobedo, A. Vairo, J. Soto (van der Griend)  N.B. (master equations);


 A. Vairo, M. Escobedo, J. Ghiglieri, P. Petreczky, M. Berwein, J. Soto, N. B. 
(equilibrium properties) ; 


J. Weber , P. Petreczky, V. Leino, A. Vairo, N.B. (lattice inside theTUMQCD 
collaboration created to work at the interface between lattice and EFTs)

N. Brambilla, M. Escobedo

in this same  framework based on

pNRQCD +open quantum system+ lattice



The finite T potential

Loop functions at finite temperature from perturbation theory to lattice QCD Antonio Vairo

1. Motivations

The medium created in heavy-ion collisions and the hard probes chosen to study it are char-
acterized by several energy scales. These energy scales and the dynamics of the related degrees of
freedom make the study of the full system extremely challenging.

The medium is characterized by several thermodynamical scales that identify different regimes:
quark-gluon plasma formation, electrical screening, magnetic screening, and others. Thermal loop
functions are quantities suited to assess the size of some of these scales on the lattice. Indeed, com-
paring thermal loop functions in perturbation theory with lattice results allows to establish at which
temperatures (if any, as g ⇠ 1) we may rely on weak-coupling calculations, and at which temper-
atures not, at which temperatures and distances electrical screening sets in, at which temperatures
and distances other screening masses become relevant, and so on.

Quarkonia are possible hard probes of the medium. A scale that characterizes quarkonia is
their size. Quarkonia of different sizes will react differently to the medium. Loop functions that are
correlators of gauge fields separated by a distance r describe static quark-antiquark pairs. On the
lattice we may vary r and the temperature T in a controlled way establishing what is the relevant
interaction at any r and T . Another scale is the binding energy, which for static QQ̄ pairs amounts
to the static potential.

For long time the in medium static potential was identified with some free energies defined
from suitable correlators. This is no more so: the potential describes the real-time evolution of the
QQ̄ pair, which is, in general, not the case for the free energies; it also has an imaginary part coming
from the quarkonium dissociation through scattering with the partons in the medium [1, 2, 3].
Nowadays, the real and imaginary real-time potentials are computed on the lattice by dedicated
studies [4, 5, 6]. Nevertheless, free energies still offer a clean and controlled setting where to study
the thermal dynamics of a static QQ̄ pair. Moreover, at least the singlet free energy provides a good
approximation of the real part of the real-time static potential.

Finally, relevant degrees of freedom describing the real-time evolution of a QQ̄ pair in a
medium are QQ̄ pairs in a color singlet (bound) and color octet (unbound) configuration, re-
flecting the color decomposition 3⌦ 3̄ = 1� 8 [3]. Color octet QQ̄ states are relevant for the
out of equilibrium evolution of the QQ̄ pair in the medium through the reactions (QQ̄)1  !
(QQ̄)8 + gluons [7, 8]. Thermal loop correlators allow to access also QQ̄ color octet degrees
of freedom.

2. Loop functions

Loop functions are quantities that can be computed in lattice QCD and that are relevant for the
dynamics of static sources in a thermal bath at a temperature T [9]. Several loop functions have
been defined and measured over time. Here, we will focus on the following three.

Figure 1: Polyakov loop.
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The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 
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T=0

integrating out  mv gives  
the potential
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if                                          the potential is perturbative

if mv ⇠ ⇤QCD
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given in terms of 
 Wilson loops to be evaluated on 

the lattice

Notice:   

1)one  can calculate 1/m and 1/m^2 corrections systematically 
2)the potential  comes from QCD  and depends on QCD parameters 



The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 

m
<latexit sha1_base64="hVXkhYaaZ8d8WTDndC0FQ6ajNPw=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLT0nZZdOOyBfuAdiiZNG1jk8yQZIQy9AvcuFDErZ/kzr8x01ZQ0QMXDufcy733hDFn2iD04eQ2Nre2d/K7hb39g8Oj4vFJR0eJIrRNIh6pXog15UzStmGG016sKBYhp91wdp353XuqNIvkrZnHNBB4ItmYEWys1BLDYgm5laqPalWIXK/ul+teRrya7yPouWiJElijOSy+D0YRSQSVhnCsdd9DsQlSrAwjnC4Kg0TTGJMZntC+pRILqoN0eegCXlhlBMeRsiUNXKrfJ1IstJ6L0HYKbKb6t5eJf3n9xIzrQcpknBgqyWrROOHQRDD7Go6YosTwuSWYKGZvhWSKFSbGZlOwIXx9Cv8nHd/1yi5qVUqNq3UceXAGzsEl8EANNMANaII2IICCB/AEnp0759F5cV5XrTlnPXMKfsB5+wQu+I0w</latexit>

mv ⇠ 1

r
<latexit sha1_base64="ooPanU6zWi0Ax1piFKMneMpeO/g=">AAAB+3icdVDLSgMxFM34rPVV69JNsAiuhsy0tF0W3bisYB/QDiWTZtrQZGZIMsUyzK+4caGIW3/EnX9jpq2gogcCh3PO5d4cP+ZMaYQ+rI3Nre2d3cJecf/g8Oi4dFLuqiiRhHZIxCPZ97GinIW0o5nmtB9LioXPac+fXed+b06lYlF4pxcx9QSehCxgBGsjjUplMYdDxQRMnWFkglBmo1IF2bW6ixp1iGyn6VabTk6chusi6NhoiQpYoz0qvQ/HEUkEDTXhWKmBg2LtpVhqRjjNisNE0RiTGZ7QgaEhFlR56fL2DF4YZQyDSJoXarhUv0+kWCi1EL5JCqyn6reXi395g0QHTS9lYZxoGpLVoiDhUEcwLwKOmaRE84UhmEhmboVkiiUm2tRVNCV8/RT+T7qu7VRtdFurtK7WdRTAGTgHl8ABDdACN6ANOoCAe/AAnsCzlVmP1ov1uopuWOuZU/AD1tsnsMSUOQ==</latexit>

E ⇠ mv2
<latexit sha1_base64="jcBukAfybIWaz+aHm6NqRZNWNjA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLT0nZZFMFlBfvAdiyZNG1Dk8yQZAql9C/cuFDErX/jzr8x01ZQ0QMXDufcy733hDFn2iD04WTW1jc2t7LbuZ3dvf2D/OFRU0eJIrRBIh6pdog15UzShmGG03asKBYhp61wfJn6rQlVmkXy1kxjGgg8lGzACDZWurvqaiagmNz7vXwBuaWyjypliFyv6herXkq8iu8j6LlogQJYod7Lv3f7EUkElYZwrHXHQ7EJZlgZRjid57qJpjEmYzykHUslFlQHs8XFc3hmlT4cRMqWNHChfp+YYaH1VIS2U2Az0r+9VPzL6yRmUA1mTMaJoZIsFw0SDk0E0/dhnylKDJ9agoli9lZIRlhhYmxIORvC16fwf9L0Xa/ooptSoXaxiiMLTsApOAceqIAauAZ10AAESPAAnsCzo51H58V5XbZmnNXMMfgB5+0TL/iQmg==</latexit>

m � ⇤QCD
<latexit sha1_base64="ieXgbpSrRH69ovcqVO0rQAgT6A4=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXA2ZaWm7LNaFCxct2FZoS8lkMm1o5kGSEcrYhb/ixoUibv0Nd/6NmbaCih4IHM65h3tz3JgzqRD6MHIrq2vrG/nNwtb2zu6euX/QkVEiCG2TiEfixsWSchbStmKK05tYUBy4nHbdSSPzu7dUSBaF12oa00GARyHzGcFKS0PzKICwPxrB/pXOeHiYthoXs0JhaBaRVa44qFqByLJrTqlmZ8SuOg6CtoXmKIIlmkPzve9FJAloqAjHUvZsFKtBioVihNNZoZ9IGmMywSPa0zTEAZWDdH7/DJ5qxYN+JPQLFZyr3xMpDqScBq6eDLAay99eJv7l9RLl1wYpC+NE0ZAsFvkJhyqCWRnQY4ISxaeaYCKYvhWSMRaYKF1ZVsLXT+H/pONYdslCrXKxfr6sIw+OwQk4Azaogjq4BE3QBgTcgQfwBJ6Ne+PReDFeF6M5Y5k5BD9gvH0CsySUnQ==</latexit>

Finite T

Non-relativistic EFTs of QCD

The existence of a hierarchy of energy scales calls for a description of the system

(quarkonium at rest in a thermal bath) in terms of a hierarchy of EFTs.
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non�relativistic
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For larger temperatures the quarkonium does not form.



The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 

m
<latexit sha1_base64="hVXkhYaaZ8d8WTDndC0FQ6ajNPw=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLT0nZZdOOyBfuAdiiZNG1jk8yQZIQy9AvcuFDErZ/kzr8x01ZQ0QMXDufcy733hDFn2iD04eQ2Nre2d/K7hb39g8Oj4vFJR0eJIrRNIh6pXog15UzStmGG016sKBYhp91wdp353XuqNIvkrZnHNBB4ItmYEWys1BLDYgm5laqPalWIXK/ul+teRrya7yPouWiJElijOSy+D0YRSQSVhnCsdd9DsQlSrAwjnC4Kg0TTGJMZntC+pRILqoN0eegCXlhlBMeRsiUNXKrfJ1IstJ6L0HYKbKb6t5eJf3n9xIzrQcpknBgqyWrROOHQRDD7Go6YosTwuSWYKGZvhWSKFSbGZlOwIXx9Cv8nHd/1yi5qVUqNq3UceXAGzsEl8EANNMANaII2IICCB/AEnp0759F5cV5XrTlnPXMKfsB5+wQu+I0w</latexit>

mv ⇠ 1

r
<latexit sha1_base64="ooPanU6zWi0Ax1piFKMneMpeO/g=">AAAB+3icdVDLSgMxFM34rPVV69JNsAiuhsy0tF0W3bisYB/QDiWTZtrQZGZIMsUyzK+4caGIW3/EnX9jpq2gogcCh3PO5d4cP+ZMaYQ+rI3Nre2d3cJecf/g8Oi4dFLuqiiRhHZIxCPZ97GinIW0o5nmtB9LioXPac+fXed+b06lYlF4pxcx9QSehCxgBGsjjUplMYdDxQRMnWFkglBmo1IF2bW6ixp1iGyn6VabTk6chusi6NhoiQpYoz0qvQ/HEUkEDTXhWKmBg2LtpVhqRjjNisNE0RiTGZ7QgaEhFlR56fL2DF4YZQyDSJoXarhUv0+kWCi1EL5JCqyn6reXi395g0QHTS9lYZxoGpLVoiDhUEcwLwKOmaRE84UhmEhmboVkiiUm2tRVNCV8/RT+T7qu7VRtdFurtK7WdRTAGTgHl8ABDdACN6ANOoCAe/AAnsCzlVmP1ov1uopuWOuZU/AD1tsnsMSUOQ==</latexit>

E ⇠ mv2
<latexit sha1_base64="jcBukAfybIWaz+aHm6NqRZNWNjA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLT0nZZFMFlBfvAdiyZNG1Dk8yQZAql9C/cuFDErX/jzr8x01ZQ0QMXDufcy733hDFn2iD04WTW1jc2t7LbuZ3dvf2D/OFRU0eJIrRBIh6pdog15UzShmGG03asKBYhp61wfJn6rQlVmkXy1kxjGgg8lGzACDZWurvqaiagmNz7vXwBuaWyjypliFyv6herXkq8iu8j6LlogQJYod7Lv3f7EUkElYZwrHXHQ7EJZlgZRjid57qJpjEmYzykHUslFlQHs8XFc3hmlT4cRMqWNHChfp+YYaH1VIS2U2Az0r+9VPzL6yRmUA1mTMaJoZIsFw0SDk0E0/dhnylKDJ9agoli9lZIRlhhYmxIORvC16fwf9L0Xa/ooptSoXaxiiMLTsApOAceqIAauAZ10AAESPAAnsCzo51H58V5XbZmnNXMMfgB5+0TL/iQmg==</latexit>

m � ⇤QCD
<latexit sha1_base64="ieXgbpSrRH69ovcqVO0rQAgT6A4=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXA2ZaWm7LNaFCxct2FZoS8lkMm1o5kGSEcrYhb/ixoUibv0Nd/6NmbaCih4IHM65h3tz3JgzqRD6MHIrq2vrG/nNwtb2zu6euX/QkVEiCG2TiEfixsWSchbStmKK05tYUBy4nHbdSSPzu7dUSBaF12oa00GARyHzGcFKS0PzKICwPxrB/pXOeHiYthoXs0JhaBaRVa44qFqByLJrTqlmZ8SuOg6CtoXmKIIlmkPzve9FJAloqAjHUvZsFKtBioVihNNZoZ9IGmMywSPa0zTEAZWDdH7/DJ5qxYN+JPQLFZyr3xMpDqScBq6eDLAay99eJv7l9RLl1wYpC+NE0ZAsFvkJhyqCWRnQY4ISxaeaYCKYvhWSMRaYKF1ZVsLXT+H/pONYdslCrXKxfr6sIw+OwQk4Azaogjq4BE3QBgTcgQfwBJ6Ne+PReDFeF6M5Y5k5BD9gvH0CsySUnQ==</latexit>

Finite T

Non-relativistic EFTs of QCD

The existence of a hierarchy of energy scales calls for a description of the system

(quarkonium at rest in a thermal bath) in terms of a hierarchy of EFTs.
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For larger temperatures the quarkonium does not form.

to define the potential  we have to integrate out all 
the scales bigger than E including T and m_d



The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 
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Finite T

Non-relativistic EFTs of QCD

The existence of a hierarchy of energy scales calls for a description of the system

(quarkonium at rest in a thermal bath) in terms of a hierarchy of EFTs.
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For larger temperatures the quarkonium does not form.

to define the potential  we have to integrate out all 
the scales bigger than E including T and m_d

if T is of order E or less will  
give contribution to the energy and  

not to the potential



The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 
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Non-relativistic EFTs of QCD

The existence of a hierarchy of energy scales calls for a description of the system

(quarkonium at rest in a thermal bath) in terms of a hierarchy of EFTs.
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For larger temperatures the quarkonium does not form.

to define the potential  we have to integrate out all 
the scales bigger than E including T and m_d

if T is of order E or less will  
give contribution to the energy and  

not to the potential

Notice:   
The potential V(r,T) dictates thought the  

Schroedinger equation   the real time  
evolution of the QQbar in the medium



The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 
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For larger temperatures the quarkonium does not form.

Framework: EFTs

QCD

NRQCD

pNRQCD
pNRQCD

NRQCDHTL

HTL

m

1/r ∼ mv

V ∼ mv2

T
mD

◦ Brambilla Pineda Soto Vairo RMP 77(05)1423
We assume that bound states exist for

• T ≪ m

• 1/r ∼ mv >
∼

mD

We neglect smaller thermodynamical scales.

Inside these constraints  
we consider all the possible 

 scales hierarchies 



The finite T potential:  how to obtain it

in pNRQCD the potential has  a clear definition: it a matching coefficient and comes 
from the integration of all scales from mv up to (and not included) the energy mv^2 
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For larger temperatures the quarkonium does not form.

we work in the weak  
coupling regime

Framework: weak coupling

In the weak coupling regime:
• v ∼ αs ≪ 1; valid for tightly bound states: Υ(1S), J/ψ, ...
• T ≫ gT ∼ mD .

Effects due to the scale ΛQCD will not be considered.
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Finite T

Non-relativistic EFTs of QCD

The existence of a hierarchy of energy scales calls for a description of the system

(quarkonium at rest in a thermal bath) in terms of a hierarchy of EFTs.

thermodynamical
scales

T

m D

NRQCD

EFTs

pNRQCD

M

M v

non�relativistic
scales

M v 2

For larger temperatures the quarkonium does not form.

for the nonperturbative 
 regime  -> lattice calculation of the Wilson loop

we work in the weak  
coupling regime

Framework: weak coupling

In the weak coupling regime:
• v ∼ αs ≪ 1; valid for tightly bound states: Υ(1S), J/ψ, ...
• T ≫ gT ∼ mD .

Effects due to the scale ΛQCD will not be considered.

Framework: EFTs

QCD

NRQCD

pNRQCD
pNRQCD

NRQCDHTL

HTL

m

1/r ∼ mv

V ∼ mv2

T
mD

◦ Brambilla Pineda Soto Vairo RMP 77(05)1423
We assume that bound states exist for

• T ≪ m

• 1/r ∼ mv >
∼

mD

We neglect smaller thermodynamical scales.

Inside these constraints  
we consider all the possible 

 scales hierarchies 
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exponential screening but ImV � ReV

no exponential screening but 
power-like T corrections

 no corrections to the potential,
corrections to the energy 

N.B Ghiglieri, Petreczky,  
Vairo Phys.Rev. D78 (2008) 014017 

for the detailed form  
of the potentials in each regime see: 

you  always have a real and an imaginary part

1

r
� T � E
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imaginary parts in the potential have subsequently 
been found also for a strongly coupled plasma on the lattice  

(A. Rothkopf  et al, Petreczky, Weber..) and in strings calculations
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The perturbative potential

When
1
r � T the potential is proportional to r2. If all the thermal

scales are not much bigger than E it has an infrared divergence that

is cancelled by a non-local interaction.

In the case T � 1
r ⇠ mD , we recover the Laine potential.

In the case T ⇠ 1
r , the potential is a complicated function that

interpolates between the two previous regimes.

Lessons that can be useful to interpret lattice data

We can not expect a simple function to parametrize thermal

modifications at all temperature regimes. Good theoretical reasons to

expect the case
1
r � T to be very di↵erent from T � 1

r .

At very small temperatures, non-local terms will be needed to

describe the evolution of quarkonium, which by construction are not

present in the static limit.

pNRQCD approach 18th of December, 2019 6 / 6
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Change in the paradigm of dissociation
•  The imaginary part is bigger than the real part before the screening exp{-m_D r} 

sets in 
->the imaginary part is responsible for QQbar dissociation

Static quark antiquark at T ≫ 1/r ≫ mD ≫ V

Divergences appear in the imaginary part of the potential at order αs

r
× (rmD)2 × (Tr).

They cancel in physical observables against loop corrections from lower energy scales.

We consider the case T ≫ 1/r ≫ mD ≫ V . Integrating out mD from pNRQCDHTL

leads to an extra contribution δVs to the potential coming from

HTL propagator

Re δVs(r) ∼ g2r2T 3 ×
“mD

T

”3

Im δVs(r) = −
CF

6
αs r2 T m2

D

 

1

ϵ
− γE + ln π + ln

µ2

m2
D

+
5

3

!

Quarkonium melting temperature

The quarkonium melts in the medium when

Ebinding ∼ Γ

i.e.

g2

r
∼ g2Tm2

Dr2 ln
1

mDr

for 1/r ∼ m g2 and mD ∼ g T

T ∼ m g4/3 (ln 1/g)−1/3

◦ Escobedo Soto arXiv:0804.0691, Laine arXiv:0810.1112
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offer a systematic framework to do the  calculations of 
the energy and width in a hot medium
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The bottomonium ground state at finite T

The relative size of non-relativistic and thermal scales depends on the medium and on
the quarkonium state.

The bottomonium ground state , which is a weakly coupled non-relativistic bound state:
mv ∼ mαs,mv2 ∼ mα2

s
>
∼

ΛQCD, produced in the QCD medium of heavy-ion collisions
at the LHC may possibly realize the hierarchy

m ≈ 5 GeV > mαs ≈ 1.5 GeV > πT ≈ 1 GeV > mα2
s ≈ 0.5 GeV >

∼
mD,ΛQCD

◦ Vairo AIP CP 1317 (2011) 241

T_dissociation



bottomonium 1S below the melting temperature T_d
The complete mass and width up to O(mα5

s )

δE
(thermal)
1S =

34π

27
α2
s T

2a0 +
7225

324

E1α3
s

π

[

ln

(

2πT

E1

)2

− 2γE

]

+
128E1α3

s

81π
L1,0 − 3a20

{[

6

π
ζ(3) +

4π

3

]

αs T m2
D −

8

3
ζ(3)α2

s T
3
}

Γ
(thermal)
1S =

1156

81
α3
sT +

7225

162
E1α

3
s +

32

9
αs Tm2

D a20 I1,0

−

[

4

3
αsTm2

D

(

ln
E2

1

T 2
+ 2γE − 3− ln 4− 2

ζ′(2)

ζ(2)

)

+
32π

3
ln 2α2

s T
3
]

a20

where E1 = −
4mα2

s

9
, a0 =

3

2mαs
and L1,0 (similar I1,0) is the Bethe logarithm.

◦ Brambilla Escobedo Ghiglieri Soto Vairo JHEP 1009 (2010) 038

Consistent with lattice calculations of spectral functions

Lattice width
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T/Tc

0

0.5

1

1.5

2

!
/T

3S1(vector)
Upsilon

0 0.5 1 1.5 2
T/Tc

0

0.5

1

1.5

2

!
/T

1S0(pseudoscalar)
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Consistent with Γ
(thermal)
1S =

1156

81
α3
sT ⇒ αs ≈ 0.4.

◦ Aarts Allton Kim Lombardo Oktay Ryan Sinclair Skullerud
JHEP 1111 (2011) 103



figure out what our results imply for the electromagnetic decays to lepton pairs or to two

photons. First of all, the masses of the heavy quarkonium states increase quadratically with

the temperature at leading order (first line of (7.1)), which would translate into the same

functional increase in the energy of the outgoing leptons and photons if produced by the

quarkonium in the plasma. Second, since electromagnetic decays occur at short distances

(∼ 1/m ≪ 1/T ), the standard NRQCD factorization formulas hold, and, at leading order,

all the temperature dependence is encoded in the wave function at the origin. The lead-

ing temperature correction to it comes from first-order quantum-mechanical perturbation

theory of the first term of (4.25). The size of this correction is ∼ n4T 2/(m2αs). Hence, a

quadratic dependence on the temperature should also be observed in the frequency in which

leptons or photons are produced by the quarkonium in the plasma. Finally, at leading or-

der, a decay width linear with temperature is developed (first line of (7.3)), which implies

a tendency to decay to the continuum of colour-octet states. Hence, a smaller number of

vector and pseudoscalar ground states is expected to be in the sample with respect to the

zero temperature case.
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A. Details on the evaluation of the transverse HTL contribution

Our aim is the evaluation of Eq. (5.6). Owing to the symmetries of the retarded and

advanced propagators and of the Bose–Einstein distribution we can restrict the integration

in (5.6) to positive values of k0. We then have

δΣ(trans, symm)
s (E) = g2CF

D − 2

D − 1
riµ4−D

∫

dD−1k

(2π)D−1

∫ ∞

0

dk0k20
2π

(

T

k0
+O

(

E

T

))

× (∆R(k0, k)−∆A(k0, k))

(

1

E − ho − k0 + iη
+

1

E − ho + k0 + iη

)

ri . (A.1)

Let us define the quantity λ ≡ k0 − k. There exist two momentum regions that

contribute to the integral (A.1) for k0 ∼ k ∼ E − ho. We call the first region the off-shell

region. It is defined by

λ ∼ (E − ho) , k ∼ (E − ho) , (A.2)

– 20 –

electromagnetic  decays

N. B, M. Escobedo, J. Soto, A. Vairo  JHEP 1009 (2010) 038

for the J psi  is 93 Kev that corresponds to  10^3 fm , QGP gone!
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many interesting results from the Polyakov loop

• The Polyakov loop has been computed up to order g5.

• The (subtracted) QQ̄ free energy has been computed at short distances up to

corrections of order g7(rT )4, g8.

• The (subtracted) QQ̄ free energy has been computed at screening distances up to

corrections of order g8.

• The singlet free energy has been computed at short distances up to corrections of

order g4(rT )5, g6.

• The singlet free energy has been computed at screening distances up to

corrections of order g5.

• Lattice calculations are consistent with weak-coupling expectations.

• Crossover temperature to the quark-gluon plasma is 153+6.5
−5 MeV

from the entropy of the Polyakov loop.

• Screening sets in at rT ≈ 0.3-0.4 (observable dependent),

consistent with a screening length of about 1/mD .

• Asymptotic screening masses are about 2mD (observable dependent).

• First determination of the color octet QQ̄ free energy.

Still the free energy is not  the object  to be taken as  the potential in 
the Schroedinger equation 

(the singlet free energy may provide a good approximation of the real part of the potential)



In the regime 
1

r
� T � E

<latexit sha1_base64="6y6ccVmKChophPrZAIi7bgLVphI="></latexit>

we obtained evolution equation for the  
singlet and octet density matrix 

The case 1

r � T � E

In this temperature regime, the influence of the medium in the

evolution of quarkonium can be encoded in two non-perturbative

parameters.

I The heavy quark di↵usion parameter . It can be related with the

decay width.

I A parameter  that encodes the modification of the real part of the

potential due to the medium. It can be related with the thermal energy

shift.

Therefore, we can use lattice data on thermal modifications of

quarkonium to get information about the evolution equation.
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N.B., M. Escobedo, A. Vairo, P. vander Griend Phys.Rev. D100 (2019) no.5, 054025 

Use of lattice data to constraint 

The decay width is � = hr2i.
Use lattice data from Aarts,

Allton, Kim, Lombardo, Oktay,

Ryan, Sinclair and Skullerud

(2011) and Kim, Petreczky and

Rothkopf (2018). Unquenched.

Results is compatible with other

determinations.

Picture taken from Brambilla, M.A.E,

Vairo and Vander Griend (2019)
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and   the new data from R. Larsen,

 S. Meinel, S. Mukherjee, P. Petreczy 2019, 2020 

�
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Use of lattice data to constraint 

The decay width is � = hr2i.

Use lattice data from Aarts,

Allton, Kim, Lombardo, Oktay,

Ryan, Sinclair and Skullerud

(2011) and Kim, Petreczky and

Rothkopf (2018). Unquenched.

Results is compatible with other

determinations.

Picture taken from Brambilla, M.A.E,

Vairo and Vander Griend (2019)
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Extraction of Transport Coe�cients
Munich Group

Extractions of : from unquenched
lattice measurements of the thermal
width of the ⌥(1S) (black) with
newest lattice data (T = 334 MeV)
with comparison to other
measurements.

Extractions of �: from unquenched
lattice measurements of the thermal
mass shift of the J/ and ⌥(1S) at
temperatures from 251 to 407 MeV
(black) with newest data (T = 334
MeV) and from perturbation theory
(blue).

plots from P. vander Griend 2019



Extraction of Transport Coe�cients
Munich Group

Extractions of : from unquenched
lattice measurements of the thermal
width of the ⌥(1S) (black) with
newest lattice data (T = 334 MeV)
with comparison to other
measurements.

Extractions of �: from unquenched
lattice measurements of the thermal
mass shift of the J/ and ⌥(1S) at
temperatures from 251 to 407 MeV
(black) with newest data (T = 334
MeV) and from perturbation theory
(blue).

Use of lattice data to constraint �

The thermal mass shift is

�M =
1
2�hr

2i.

Use lattice data from Kim,

Petreczky and Rothkopf (2018).

Results from di↵erent

quarkonium state at the same

temperature (T = 251MeV) are
compatible with each other.

Lattice extracted results are

much smaller than perturbative

calculations.

Picture taken from Brambilla, M.A.E,

Vairo and Vander Griend (2019)

pNRQCD approach 18th of December, 2019 4 / 6

plots from P. vander Griend 2019
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