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Heavy quarks may be produced in the earliest stage of ultra-relativistic heavy-ion collisions, and
may or may not bind into quarkonia. They probe the full evolution of the strongly-coupled medium
created in these collisions.
The kinetic thermalization of unbound heavy quarks is understood in terms of the heavy-quark
diffusion coefficient. Recently, first results with a non-trivial quark sea were made possible by the
use of gradient flow. These results covered temperatures of 195MeV < T < 352MeV and included
the dependence on the heavy-quark mass. As the light sea quarks become more important near
the crossover, we extend these studies with almost physical quark sea to lower temperatures and
with the same unphysical quark sea to higher temperatures, thus mapping out the quark sea
dependence in the temperature window from around ) ' 150MeV to the GeV level. At such high
temperatures appropriately resummed weak-coupling methods have become predictive, whereas
the constraining power of the lattice approach has ceased.
In-medium quarkonia are subject to a dynamical melting process, which can be understood in
terms of the static potential or of low-lying quarkonia levels. EFT calculations predict a complex
potential, whose imaginary part corresponds to the thermal width of these levels. The real part
is Debye screened only in certain hierarchies between thermal and non-relativistic scales. Yet
these hierarchies apply in the large-time limit and thus are irrelevant for the dynamical melting. A
recent calculation in (2+1)-flavor QCD at T < 352MeV reveals a large imaginary part and provides
no evidence for Debye screening. While another recent study in the quenched approximation is
consistent with these results. Direct lattice calculations of bottomonia correlators support these
conclusions, either of temporal correlators via lattice non-relativistic QCD or of spatial correlators
via highly-improved staggered quarks.
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1. Introduction

Both the asymptotic freedom at UV scales, where the weak-coupling approach applies, as well
as awide range of strictly non-perturbative, mutually interrelated IR phenomena arewell-established
in experimental and theoretical studies of nuclear matter (see, e.g., Refs. [1–7] for recent reviews).
Asymptotic freedom predicts that nuclear matter can be understood at UV scales in terms of its
fundamental weakly-interacting partons [8], i.e. gluons and quarks. This state of hot nuclear
matter is called quark-gluon plasma (QGP), whose properties are determined by the interplay of its
thermal scales: the temperature ) , the Debye mass <� ∼ 6) , and the magnetic scale 62) . These
are hierarchically ordered as 62) � <� � c) in the strict weak-coupling limit, which is only
reached at asymptotically high ) . The IR regime of nuclear matter, which is reached at sufficiently
low temperatures and densities, can be described to a fair approximation as a gas of more or less
non-interacting hadrons and resonances with their non-perturbative vacuum properties [9]. Thus,
this low-temperature state of nuclear matter is a hadron gas. A description in terms of such a hadron
gas leads to exponential growth in the density of states and an eventual breakdown at high ) [10].

The study of heavy-quark (HQ) interaction in the QGP [11–13] is essential for understanding
the general properties of strongly-interactingmatter produced in a heavy-ion collision (HIC). Heavy
flavors, i.e. charm or bottom, probe the entire non-equilibrium dynamics of the nuclear fireball as
they are produced only in its earliest stages, while their flavor numbers is conserved throughout
its evolution. Thus, the study of their in-medium properties is essential for understanding many
features of QGP, such as its near-perfect fluid behavior [14–16]. In these proceedings, we review
the current status of in-medium heavy flavors with lattice QCD These proceedings are organized
as follows. First, we summarize the state of the art of HQ diffusion and HQ transport coefficient
calculations via LQCD in Sec. 2. Next, we summarize the state of the art concerning in-medium
quarkonia via LQCD in Sec. 3, i.e. the heavy-quark-antiquark (QQ̄) potential and bottomonia
correlators. Finally, we provide a summary and an outlook in Sec. 4.

2. Heavy-quark transport

The interaction of isolated in-medium HQ can be effectively described by Langevin dynam-
ics [17] for sufficiently large HQ masses <ℎ. Their motion is characterized in terms of a few
so-called transport coefficients related by Einstein relations. Among these, the HQ momentum
diffusion coefficient ^ plays a central role. First, it is the least problematic transport coeffcient to
obtain from lattice QCD. And second, the HQmomentum distribution has been precisely measured
in HIC at RHIC [18, 19] and LHC [20]. ^ quantifies the average momentum transferred between
QGP and HQ by random momentum kicks, uncorrelated in time, with 3^ being the mean squared
momentum transfer per unit of time. Physically, it describes how much a HQ loses momentum and
how fast it thermalizes in the QGP before becoming part of the collective motion. For sufficiently
large <ℎ, the relaxation time is expected to be <ℎ

)
times larger than that of light quarks [17, 21],

where ) is the medium temperature. Recent measurements have confirmed that this relaxation
time is shorter than the mean QGP lifetime, suggesting fast relaxation of HQ and supporting the
strongly-coupled nature of the nuclear fireball. Because of this importance accurate results for ^
are a key target for experimental and theoretical research.
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Lattice field theory is a first-principles approach to the non-perturbative aspects of Quantum
Chromodynamics (QCD), including ^ extraction. The calculation requires a highly non-trivial
spectral function (SF) reconstruction from lattice correlation functions. Like all transport coeffi-
cients, ^ is directly encoded in the low-frequency part of the SF called the transport peak. This
inversion problem is extremely challenging and dominates the uncertainties of the extracted SF and
hence of ^. The transport coefficient ^ is known at next-to-leading order (NLO) in hard thermal
loop (HTL)-resummed perturbation theory [22], but this calculation is reliable only for asymp-
totically high ) . In the present work we build on previous studies to extract the HQ transport
coefficients via LQCD [25–35]. The HotQCD collaboration calculated ^ in a (2 + 1)-flavor LQCD
framework with a physical strange and rather unphysical light quarks with mass <; = <B

5 [33, 34]
as line of constant physics (LCP), resulting in a continuum pion mass "c ' 320MeV, and for a
window between ) = 195 to 352MeV. While the effect of light-quark masses is expected to be
negligible for sufficiently high ) , it is important for ) . 250MeV, i.e. in the scaling window of the
chiral transition.

In these proceedings we provide a synopsis of an extension of this previous calculation to an
almost physical point, with <; = <B

20 and a continuum pion mass "c ' 160MeV, and for a wider
window in ) , from values close to the pseudocritical temperature )?2 ' 156MeV up to the GeV
scale. We have generated new ensembles and extended many existing ones.Our study also corrects
some flaws present in previous lattice determinations of ^. In particular, we use the correct form
of the NLO perturbative prediction of the electric SF [37], which was shown to have a missing
contribution [38, 39], and we also correct a mistake in the matching factor used in [34, 35] to convert
the magnetic correlator to the MS scheme. Furthermore, we skip an intermediate conversion of the
magnetic UV SF to a physical scheme, and keep it in the MS scheme throughout. The details of our
calculation, its ensembles and technical improvements are covered in our upcoming publication [36].

The Green-Kubo relation characterizes the linear response of a thermalized QGP to perturba-
tions induced by the motion of particles. The HQmomentum diffusion coefficient ^ can be extracted
from the SF encoded in the HQ vector-vector correlation function in thermodynamic equilibrium,

�8 9 (g,p) =
∫

d3G eixp〈�8+ (0, 0)�
9

+
(g,x)〉 =

∫ ∞

0

3l

2c
d8 9 (l,p, )) (l, g) , (1)

with the HQ vector current �`
+
= k̄W`k and the integration Kernel

 (l, g) = cosh(lg − l/2))
sinh(l/2)) . (2)

^ is then defined as the zero-frequency/zero-momentum limit of the SF d(l,p, ))

^()) = 2) lim
p→0

lim
l→0

d(l,p, ))/l . (3)

A direct LQCD determination of ^ from quarkonium correlation functions is difficult, because
extremely fine lattices are needed to resolve HQ modes. Yet for HQ mass significantly larger than
the typical QCD scale LQCD or temperature ) , we can use heavy-quark effective theory (HQET) to
expand the QCD Lagrangian in powers of 1

<ℎ
[22–24]. Then, ^ can be expressed as a combination

of chromo-electrical and chromo-magnetic transport coefficients,

^ = ^� +
2
3
〈E2〉^� + O(<−2

ℎ ) , (4)
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where ^�,� are defined via Eq. (3) for the corresponding SF d�,� (l,p, )). The magnetic contri-
bution ^� controls the HQ mass dependence, which enters via the mean squared thermal velocity
scaling as 〈E2〉 ∝ )

<ℎ
at leading order. The pure electrical coefficient ^� is called the static limit.

Thermal chromo-fieldstrength correlation functions are defined as [22–24],

�� (g, )) = −
3∑
8=1

〈Re Tr(* (V, g,x)�8 (g,x,x′)* (g, 0,x′)�8 (0,x′,x))〉
3〈Tr %〉 . (5)

V = 1
)

is the inverse temperature, g is Euclidean time separation, and * (g1, g2,x) is a temporal
Wilson line between g1 and g2 at the spatial site x. The chromo-fieldstrengths �8 = �8 or �8 are
realized through extended operators as [22],

�
(±)
8
(g,x,x + 8̂) = *8 (g,x)*4(g,x + 8̂) −*4(g,x)*8 (g,x + 4̂) ,

�
(±)
8
(g,x,x + 9̂ + :̂) = 1

2
n8 9:

[
* 9 (g,x)*: (g,x + 9̂) −*: (g,x)* 9 (g,x + :̂)

]
,

(6)

where in each correlator the two fieldstrengths connect the same two points in opposite spatial
directions on different time slices at 0 or g, and the intermediate temporal Wilson line connects
their shifted endpoints. The correlation functions are normalized by the mean trace of the Polyakov
loop P = 〈Re Tr* (V, 0)〉, and each expectation value includes an implicit volume average. Both
gluonic correlators are noisy and require renormalization factors; these are finite for �� [40] but
logarithmically divergent for�� [23, 41]. We tackle both issues using gradient flow [42–45], which
has been shown to achieve renormalized results consistent for pure gauge backgrounds [29, 31],
where multi-level updating [46] is applicable as an alternative. In particular, gradient flow has made
LQCD calculation of ^ with dynamical quarks feasible in the first place.

In the following we sketch how the MS correlation function for the SF reconstruction is
obtained. We combine ensembles of two different LCPs, namely <; = <B

20 and <; = <B
5 , and

demonstrate that the influence of <; is negligible for ) & 220MeV. We also demonstrate that our
ensembles are sufficiently close in ) such that ) interpolations are reliable. We restrict the lattice
correlators in g and gF to 0.25 ≤ g) ≤ 0.50 and 0.25 ≤

√
gF
g
≤ 0.30, respectively. The former

prevents prohibitively large lattice artifacts at small g. The latter makes sure to have a reasonably
linear gF dependence due to

√
gF
0
≥ 1 and √gF) � 1 [29, 31, 47]. We define improved correlators

�� (g, ), gF, 0) ≡ �data
� (g, ), gF, 0) ×

�norm(g, ))
� latt
�
(g), 0gF, 0))

, (7)

where �norm(g, )) is the leading order (LO) continuum correlation function with the coupling
removed [22], while � latt

�
(g), 0gF, 0)) is its counterpart at finite lattice spacing 0 and finite flow

time gF [33]. We then first interpolate �� (g, ), gF, 0) in g) at fixed gF and 0. Then we simulta-
neously extrapolate �� (g), gF, 0) for all g) to the continuum limit at fixed

√
gF
g

using parameters
�cont
�
(g), ),

√
gF
g
) and < in

��

(
g), ),

√
gF
g
,
0

A1

)
= �cont

� (g), ),
√
gF
g
) +

(
<
g)

)2 ×
(
0

A1

)2
. (8)

Before the flow extrapolation themagnetic correlator�cont
"
(g), ),

√
gF
g
)must be converted to another

regularization scheme. We choose MS, since there is no need for the correlator in a physical
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scheme [50] as long as logarithmic terms do not become too large. We use four different MS scales,
` = 2, 3, 4, or 5GeV, and convert the gradient flow correlator at scale `F = 1√

8gF
as

�MS
� (g), ), `) = /match(`, `F)�GF

� (g), ), `F) , ln /match(`, `F) = −W06
2
MS
(`)

(
ln

`2

4`2
F
+ WE

)
,

(9)
with W0 = 3/(8c2) being the leading anomalous dimension [41] and WE = 0.5772156649 the
Euler-Mascheroni constant. The resummation of higher orders in the matching factor helps keeping
logarithms in check. In previous analyses a mistake in the matching’s implementation had led to
slightly large results for ^�. Yet due to the error budget being dominated by SF reconstruction, this
mistake turned out as insignificant. For �� such a conversion to MS scheme is not necessary [40].
For each g) and ) both correlators are linearly extrapolated to zero flow time via

�� (g), gF) = �gF→0
�
(g)) + <� gF , (10)

where the slopes <�,� are (independent) dependent of g) for the (electric) magnetic correlator.
The SF reconstruction is the most important and intricate aspect of the calculation. We estimate

the SF through a variety of theoretically motivated Ansätze. For the IR part we use Eq. (3) and
treat ^ as a fit parameter. For the UV part we use the vacuum perturbative QCD (pQCD) SF at LO
or NLO [22] behaving as d(l,)) ∝ l3 and supply prefactors  �,� that are fitted to account for
non-perturbative effects. We use in each electric pQCD SF a theoretically motivated scale, i.e. for
LO `) = 4c) exp

[
−W� −

#2−8# 5 ln 2
22#2−4# 5

]
`) ' 9.1) (for #2 = #5 = 3) suggested by dimensionally

reduced QCD [49], or for NLO the one that minimizes the logarithmic corrections,

`NLO(l) ≡ `opt = 2l exp

[
(6c2 − 149)#2 + 20# 5

6(11#2 − 2# 5 )

]
' 0.549l (for #2 = #5 = 3) . (11)

 NLO
�
' 1 at high temperatures as a consequence of using the correct value of `NLO(l) (instead of

`NLO(l) ' 14.7427l used in previous publications due to a mistake [37]). For the magnetic LO or
NLO SF we simply choose ` = 2, 3, 4, or 5GeV, which keeps logarithmic corrections smaller than
18% with a frequency cutoff of l

)
≤ 103. Finally, we use a wide range of models for interpolating

and switching between the two limiting behaviors, i.e.

dmax(l,)) = max{dIR(l,)), dUV(l)} , (12)

dsmax(l,)) =
√
dIR

2(l,)) + dUV2(l) , (13)
dsum(l,)) = dIR(l,)) + dUV(l) . , (14)

dplaw(l,)) =


dIR(l,)) 10−6 ≤ l/) ≤ lIR

2l? lIR ≤ l/) ≤ lUV

dUV(l) lUV ≤ l/) ≤ 103
. (15)

Most of these models have been considered before [33–35, 37, 48], and some have smoother or
sharper transitions. We also use smooth polynomials interpolations with additional fit parameters
2, ? in an intermediate region with varied IR boundary lIR ∝ ) and UV boundary lUV = 2c) .
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Figure 1: Comparison of ^� or ^� between #5 = 3 or #5 = 0. Above ) ' 300MeV, the LQCD results
agree with the reorganized perturbative expansion. Figure from [36]

Then central value and symmetrized error of ^ are obtained from the median and spread of the
various models, while the statistical error turns out to be insignificant in comparison.

Next, we compare to the predictions for ^� at O(64), either using HTL resummation at LO [37,
51] or within the kinetic theory [51, 52]. The former predicts a physically non-sensical negative
value for ^� , which is then fixed at NLO [51], whereas the latter avoids this already at LO through the
LO gluon self-energy, i.e. the Debye mass <� . Once the perturbative series is reorganized and the
first few formally subleading corrections due to the gluon self-energy are explicitly absorbed into a
redefinition of ^� [28], the convergence of the perturbative series is considerably improved. Above
) & 300MeV there is convincing agreement between the weak-coupling and LQCD results and
QCD yields only slightly larger ^�,� than its quenched approximation, see Fig. 1. Our calculation
suggests that ��,�, and thus ^�,� at higher temperatures can be predicted using the current lattice
results. The HQ spatial diffusion coefficient �B can be obtained via

�B =
2)2

^

〈?2〉
3")

. (16)

We obtain the thermal expectation values 〈E2〉 in Eq. (4) and 〈?2〉 in Eq. (16) from a thermal
quasiparticle (QP) model [53]. The HQ spatial diffusion coefficient �B is much smaller than
smaller than most phenomenological estimates and approaches the AdS/CFT bound [24] calculated
assuming strong coupling from above, while it is consistent with the HTL resummed NLO result at
) > 300MeV. All technical details are covered in our upcoming publication [36].

3. Quarkonia

Multiple in-medium HQ at close distance can still exist in highly correlated QP states reminis-
cent of bound states in the vacuum, albeit with some form of medium modification. We have used
this property in obtaining the HQ spatial diffusion coefficient �B, see Sec. 2. The non-relativistic
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bound state problem of QCD is characterized by a non-relativistic hierarchy of scales, namely,
the HQ mass <ℎ, the inverse distance 1

A
, the internal momenta ? ∼ UB

A
, and the binding energies

� ∼ U2
B

A
, where UB � 1. A Coulombic bound state has A ∼ 1

UB<ℎ
. The notion of in-medium

quarkonia gathered lots of interest due to the assumption that color screening in QGP would make
the QQ̄ interaction short ranged [54]. Thus, quarkonia states could not be formed in QGP, which
would lead to quarkonia suppression. The study of quarkonia production in HIC is a major part of
the experimental HIC program; for a recent review see [55].

The idea of having a screened potential between a QQ̄ pair in QGP is closely related to the
exponential screening of the free energy of an infinitely heavy QQ̄ pair in QGP, which is well
established by LQCD calculations, see e.g. [56]. However, the free energy of QQ̄ describes the
in-medium QQ̄ interaction at macroscopic time scales much larger than 1

)
, where the QQ̄ is fully

thermalized. For in-medium quarkonia, however, the individual thermal or quarkonia hierarchies
become intertwined and permit many different in-medium hierarchies. Only some of these give
rise to Debye screening as in the free energy. In particular, for understanding the in-medium
quarkonia’s properties one needs to know if and how the QQ̄ interaction is modified at (time) scales
comparable to quarkonia’s internal ones. The effective field theory (EFT) approach provides a
natural framework to address this problem when the weak-coupling approach is applicable [57–59],
i.e. at high ) . Depending on the separation of the quarkonia scales and the thermal scales the
QQ̄ potential could be modified by QGP differently and should acquire an imaginary part that was
missing in the seminal model [54]. However the real part of this potential does not necessarily
have a screened form in this approach [58]. The underlying hierarchy that produces such a screened
form [57] is not the one to which dynamical quarkonia melting can be attributed [59].

How to study the modification of QQ̄ interactions in QGP beyond weak coupling remains an
unsolved problem. However, one could define a QQ̄ potential at ) > 0 in analogy to the ) = 0 case
in terms of Wilson loops of size g × A [61], and write these in terms of the A-dependent SF

, (g, A, )) =
∫ +∞

−∞
3l4−lgdA (l,)) . (17)

The distance A between the QQ̄ acts as the SF label, analogous to a quark mass. At ) = 0, the
SF’s lowest delta function peak corresponds to the ground state potential. If there were a QP state
for moderately high ) , then the SF has include on top of some continuum a dominant Lorentzian
peak that is regularized by non-potential effects; the peak position and width determine the real
and imaginary parts of the in-medium QQ̄ potential, respectively [60]. Yet for very high ) the
SF might lack any well-defined peak such that a QP state and a potential cannot be defined at all.
The existence of a well-defined peak in dA (l,)) is a necessary, yet insufficient condition for an
in-medium potential picture of quarkonia at ) > 0. This complex potential has been obtained from
static correlation functions in recent studies using the quenched approximation [61–64] or various
(2 + 1)-flavor LQCD frameworks [65–69].

Bottomonia levels in the vacuum may be studied directly using lattice NRQCD [70–77]. In-
medium bottomonia have been studied as well by extending these approaches to ) > 0 [78–88].
The effective masses of static or non-relativistic correlation functions show qualitatively consistent
features, see Fig. 2. While there are distinct, operator dependent effects at very small (g ' 0) or
very large (g ' 1

)
) Euclidean times, the central region 0 � g � 1

)
is operator independent for
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Figure 2: Effective masses of quarkonia correlation functions in the static limit (i.e., smeared gauge-fixed
Wilson line correlators, left panel, from [69]) or lattice non-relativistic QCD (NRQCD) (i.e., P(2() with
wavefunction-optimized interpolating operator [88]). The features at ) = 222MeV are quite consistent.

static or non-relativistic quarkonia [68]. The small g correlation function is dominated by the UV
part of the SF, which turns out to be) independent within uncertainties. In particular, since this UV
part has a very strong interpolating operator dependence, it is not a spectral property. Therefore, it
could be fixed to its vacuum form, or removed altogether by subtraction, see [64, 68, 69, 85–88].
The intermediate g part, which extends after UV subtraction consistently to g & 0 as well, can be
understood as being due to a low-lying broadened peak corresponding to a QP groundstate and a
well-separated, even lower-lying feature with much smaller spectral weight. The broadened peak is
known to be some regularized Lorentzian [60], which is confirmed in HTL resummed perturbation
theory for some large distance hierarchy [57]. The first two cumulants of this SF serve as model-
independent proxies for the physical energy and width parameters of this Lorentzian; these suggest
a largely ) independent real part of the potential and a large imaginary part scaling with ) and A) ,
independent of the details how the Lorentzian has been regularized, e.g. a Gaussian [64, 68, 69, 85–
87], or a Lorentzian with hard [69, 88] or smooth cutoff [88]. The smooth cut Lorentzian yields
a similar SF as a self-consistent )-matrix approach [94], with only minor differences for the
thermal width, while the width of the hard cut Lorentzian is somewhat larger. The lower-lying
feature gives rise to the considerable curvature seen at g � )

2 , which is due to the interaction of
backward propagating states of the medium with the forward propagating QQ̄ pair [68]; this effect
is quantitatively irrelevant for low ) or sufficiently compact QQ̄ systems. The existing lattice data
do not permit sufficient resolution for understanding the third or higher cumulamts

As for HQ transport the in-medium quarkonia properties have to be extracted by means of a
highly non-trivial SF reconstruction from lattice correlation functions. The obtained low-energy
features change significantly if different assumptions are encoded in the framework to accomplish
the SF reconstruction [64, 68]. In particular, the static correlation functions have been modeled with
a different, HTL-inspired Ansatz [63, 64, 68], too. This Ansatz assumes that the potential’s support
is concentrated in the g ' )

2 region. This results in a complex potential with a screened real part
qualitatively similar to the one in HTL-resummed perturbation theory [57]. This screened potential
has a smaller imaginary part than the unscreened potentials obtained from models with support in
the small g � )

2 region. Similar screened results are obtained for any reasonable spectral model
assuming the potential’s support is concentrated in the g ' )

2 region, i.e. the accummulated effect
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of the thermal width up to the g ' )
2 region is attributed to the screening of the potential. Whether

or not support in the g � )
2 or the g ' )

2 region is physically adequate for obtaining the potential
is a question that could not be answered through LQCD studies so far.

While a variety of model-agnostic Bayesian techniques have been introduced [89–91], their
inherent assumptions are not necessarily met by noisy LQCD correlation functions [64, 68], and
none appear to systematically outperform all others, see e.g. [92]. In particular, on the one hand,
if the interpolating operator dependent UV part of the correlator is subtracted, the potential is
controlled by the g � )

2 region and Bayesian methods recover an unscreened potential [64]. On the
other hand, if the interpolating operator dependent UV part of the correlator is kept, the potential
is dominated by the g ' )

2 region and Bayesian methods recover a screened potential [64]. Direct
analytic continuation followed by a Padé interpolation [93] has been applied with inconclusive
outcomes [64, 68]. Thus, similar to the HQ transport, direct fits of the LQCD correlation functions
taking known limiting behavior of the SF into account appears to provide the most robust estimates
so far [64, 68, 69, 85–88].

These static or NRQCD studies are complementary to calculation of spatial or screening
correlation functions using relativistic quark formulations [97–107] or Wilson loops [108]. These
spatial correlation functions avoid the non-trivial SF reconstruction, but still reveal the suppression
of thermal behavior or spin-dependent interactions for larger quark masses consistent with EFT
ideas [100, 108–110]. The non-perturbative contributions to the screening mass persist even at the
electroweak scale [101, 107, 108], and provide further evidence for a consistency of the static or
non-static description of the interactions with the thermal medium.

4. Summary

There has been significant progress in the lattice calculation of in-medium heavy-flavor ob-
servables. Gradient flow has been of crucial importance for bringing down the statistical noise on
unquenched backgrounds. While both the HQ momentum diffusion coefficient ^ and the complex
QQ̄ potential are now accessible on realisitic ensembles in (2+1)-flavor QCD, the SF reconstruction
remains the dominant uncertainty limiting the achievable precision for both quantities. Results for
both observables support the picture of a strongly-coupled medium up to about ) . 300MeV.

On the one hand, the recent LQCD calculations suggest a HQ transport coefficient close to
the AdS/CFT bound in the crossover region. Yet the same transport coefficient could be smoothly
connected to the weak-coupling regime already at ) > 300MeV. On the other hand, the recent
LQCD calculations suggest the survival of some low-lying quarkonia up to well over ) ' 300MeV.
Thus, while some hadronic quasiparticle states may persist and deconfinement remains incomplete
in this hot medium, hard probes may still be insensitive to those degrees of freedom.
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