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Abstract

We briefly report the modern status of heavy quark sum rules (HQSR) based on stability criteria by emphasizing
the recent progresses for determining the QCD parameters (αs, mc,b and gluon condensates) where their correla-
tions have been taken into account. The results : αs(MZ) = 0.1181(16)(3), mc(mc) = 1286(16) MeV, mb(mb) =

4202(7) MeV, 〈αsG2〉 = (6.49±0.35)×10−2 GeV4, 〈g3G3〉 = (8.2±1.0)×GeV2〈αsG2〉 and the ones from recent light
quark sum rules are summarized in Table 2. One can notice that the SVZ value of 〈αsG2〉 has been underestimated by
a factor 1.6, 〈g3G3〉 which is much bigger than the instanton liquid model estimate, while the four-quark condensate
which mixes under renormalization is incompatible with the vacuum saturation by a factor (2 ∼ 4). The uses of HQSR
for molecules and tetraquarks states are commented.

Keywords: QCD spectral sum rules, QCD coupling αs, Hadron and Quark masses, QCD condensates.

1. Introduction

QCD spectral sum rules (QSSR) à la SVZ [1, 2] have
been applied since 41 years 1 to study successfully the
hadron properties (masses, couplings and widths) and to
extract some fundamental QCD parameters (αs, quark
masses, quark and gluon condensates,...).

In this mini-review, we concentrate on the determi-
nations of the previous QCD parameters from heavy
quark sum rules and shortly comment on the uses of
these sum rules for extracting the masses and couplings
of the molecules and tetraquark states. The present re-
view complements the ones already presented in [6].

We emphasize that the analysis of the correlations of
the previous QCD parameters as done in [7–13] leads to
a noticeable improvement of their determinations and
gives an understanding of the apparent discrepancy be-
tween some earlier estimates.
∗Mini-Review talk presented at QCD20 - 35 years later, 23th In-

ternational Conference in QCD (27-30/10/2020, Montpellier - FR).
∗∗ICTP-Trieste researcher consultant for Madagascar.

Email address: snarison@yahoo.fr (Stephan Narison )
1References to original works, reviews and books prior 2004 can

be found in the books and reviews [3–5]

2. The heavy quark sum rules (HQSR)

As can be seen in the SVZ original papers [1, 2] and
in the books [3, 4], the heavy quark sum rules are of the
form of exponential / Borel / Laplace (LSR) sum rules
and of their ratios2 :

Lc(τ, µ) ≡ lim
Q2, n→ ∞
n/Q2 ≡ τ

(−Q2)n

(n − 1)!
∂nΠ̂

(∂Q2)n

=

∫ tc

M2
b

dt e−tτ 1
π

ImΠH(t, µ) ,

Rc
n(τ) =

Lc
n+1

Lc
n
, (1)

2The name Borel sum rule has been introduced by SVZ due to
the form of the OPE in this sum rule. The name Laplace has been
introduced by Ref. [14] who have noticed that after including the PT
radiative corrections, the LSR has the properties of an inverse Laplace
transform. The non-relativistic version of the LSR has been exten-
sively discussed by [15, 16].
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or of the Q2
0-Moments sum rules (MSR) and their ratios :

Mc
n(Q2

0, µ) =
1
n!

(
∂

∂q2

)n

ΠH(q2,m2
Q)|q2=−Q2

0

=

∫ tc

16m2
Q

dt
(t + Q2

0)n

1
π

Im ΠH(t, µ) ,

rc
n/n+p =

Mc
n

Mc
n+p

: p = 1, 2, . . . , (2)

where mQ is the heavy quark mass, τ is the LSR vari-
able, Q2

0 = 0,m2
Q, .. is a free chosen scale, n is the degree

of moments, tc is the threshold of the “QCD continuum”
which parametrizes, from the discontinuity of the Feyn-
man diagrams, the spectral function Im ΠH(t,m2

Q, µ
2).

ΠH(t,m2
Q, µ

2) is the generic two-point correlator defined
as :

ΠH(q2) = i
∫

d4x e−iqx〈0|TOH(x) (OH(0))† |0〉 . (3)

OH(x) is the interpolating quark bilinear local
current ψ̄1Γ12ψ2 for ordinary hadrons and four-
quark (ψ̄1Γ12ψ2)(ψ̄3Γ34ψ4) or diquark anti-diquark
(ψ̄1Γ12ψ̄2)(ψ3Γψ4) local current for molecules or
tetraquark states. Γi j is any Dirac matrices which
specify the quantum numbers of the corresponding
hadronic state (and its radial excitations) which couples
to the current through its decay constant:

〈0|OH(x)|H〉 = fH Md
H , (4)

where d depends on the dimension of the current.

3. The SVZ - Expansion and beyond

According to SVZ, the RHS of the two-point function
can be evaluated in QCD within the Operator Product
Expansion (OPE) provided that Λ2 � Q2 ≡ −q2,m2

Q.
In this way, it reads :

ΠH(q2,m2
Q, µ) =

∑
D=0,2,..

CD(q2,m2
Q, µ)〈OD(µ)〉 , (5)

where CD are calculable Wilson coefficients and
〈OD(µ)〉 are non-perturbative gauge invariant conden-
sates of dimension D. The usual perturbative (PT) con-
tribution corresponds to D = 0 while the quadratic
quark mass corrections enter via D = 1.

– The asymptotic behaviour of the PT series is of-
ten expected to have an exponential behaviour (Borel
sum) according to the large β approximation and then
alternate signs are expected to be seen at large orders
of PT. However, the known calculated terms up to or-
der α5

s of the vector correlator D-function do not yet

show such properties. In Refs. [17–20], a phenomeno-
logical parametrization of these higher order terms due
to UV-renormalons have been proposed which is quanti-
fied in terms of a tachyonic gluon mass squared. Its phe-
nomenological value from e+e− → hadrons data [21],
π-Laplace sum rule [17] and from an analysis of the lat-
tice data of the pseudoscalar ⊕ scalar two-point correla-
tors [18] lead to the average [25]:

(αs/π)λ2 ' −(7 ± 3) × 10−2 GeV2. (6)

The existence of this D = 2 term not present in the stan-
dard OPE (absence of gauge invariant D = 2 term) has
raised some vigourous (unjustifed and emotional) reac-
tions though its contribution is tiny in the sum rule and
τ-decays [35] analyzes and that it has solved some para-
doxical sum rule scale puzzles [18]. This D = 2 term
also manifests as a linear term of the heavy quark po-
tentials [22, 23] and in the SVZ-expansion [24] in some
AdS/QCD models. However, this term is not of In-
fraRed origin like some other non-perturbative conden-
sates but it is dual to the sum of higher order Ultra-
Violet terms of the PT series as shown in [25] : better
the series is known , lesser is the strength of this term
which can vanish after some high order terms of the PT
series. A such term is dual to a geometric sum of the
coefficients of the PT series and is consistent with the
values of the known coefficients.

– Up to dimension-six (D = 6), one has suc-
cessively the 〈ψ̄ψ〉 quark, 〈αsG2〉 ≡ 〈αsGa

µνG
µν
a 〉

and 〈g3G3〉 ≡ 〈g3 fabcGa
µνG

b
νρG

c
ρµ〉 gluons,

g〈ψ̄Gψ〉 ≡ 〈ψ̄gσµν(λa/2)Ga
µνψ〉 mixed quark-gluon

and the g2〈ψ̄ψψ̄ψ〉 four-quark condensates.
– The quantities m〈ψ̄ψ〉 and the trace of the energy-

momentum transfer : θµµ ≡ mγ〈ψ̄ψ〉 + (1/4)β〈Ga
µνG

µν
a 〉

are known to be µ-independent where γ, β are the quark
mass anomalous dimension and Callan-Symanzik β-
function.

– The renormalization of higher dimension conden-
sates have been studied in [26] where it has been shown
that g3 fabc〈GaGbGc〉 does not mix under renormaliza-
tion and behaves as (αs)23/(6 β1), where β1 = −(1/2)(11−
2n f /3) is the first coefficient of the β-function and n f is
number of quark flavours.

– The quark-gluon mixed condensate usually
parametrized as g〈ψ̄Gψ〉 = M2

0〈ψ̄ψ〉 mixes under renor-
malization and runs as (αs)1/(6β1) in the chiral limit m =

0. The scale :

M2
0 = 0.8(2) GeV2, (7)

has been phenomenologically estimated from light
baryons [27–33] and heavy-light mesons [34] sum rules.
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– The four-quark condensate mixes under renormal-
ization with some other ones which is not compatible
with the vacuum saturation assumption used by SVZ. Its
phenomenological estimate from τ-decays [35], e+e− →
hadrons data [36], finite energy [37] and baryon [30–
32] sum rules, leads to:

ραs〈ψ̄ψ〉
2 ' 5.8(9)10−4 GeV6 : ρ ' 2 ∼ 4 , (8)

where ρ, indicates the deviation from factorization.
– A first step for the improvement of the estimate of

the gluon condensate was the recent direct determina-
tion of the ratio of the dimension-six gluon condensate
〈g3 fabcG3〉 over the dimension-four one 〈αsG2〉 using
HQSR with the value [10–12]:

ρG ≡ 〈g3 fabcG3〉/〈αsG2〉 = (8.2 ± 1.0) GeV2, (9)

which differs significantly from the instanton liquid
model estimate [38–40] and may question the validity of
a such model. Earlier lattice results in pureYang-Mills
found: ρG ≈ 1.2 GeV2 [41–43] such that it is impor-
tant to have new lattice results for this quantity. Note
however, that the value given in Eq. 9 might also be an
effective value of all unknown high-dimension conden-
sates not taken into account in the analysis of [10–12]
when requiring the fit of the data by the truncated OPE
if, at that order, the OPE does not converge. Moreover,
we shall see here and in different examples that the ef-
fect of the 〈g3 fabcG3〉 term is a small correction at the
stability region where the optimal results are extracted.

4. Spectral function

In the absence of complete data, the minimal duality
ansatz :

1
π

ImΠH(t) ' f 2
H M2d

H δ(t−M2
H) + “QCD cont.”θ(t−tc) (10)

is often used to parametrize the spectral function. Its ac-
curacy has been tested in various light and heavy quark
channels e+e− → ρ, J/ψ,Υ, . . . where complete data are
available [3, 4] and in the π-pseudoscalar channel where
an improved parametrization of the 3π channel within
chiral perturbation theory has been used [44]. Within a
such parametrization, the ratio of sum rules is used to
extract the mass of the lowest ground state as it is equal
to its square. However, this analysis cannot be done
blindly without studying / checking the absolute mo-
ments which can violate positivity for some values of
the sum rule variables (τ,Q2

0) though their ratio can lead
to a positive number identified with the hadron mass
squared.

5. Optimization criteria

As the LSR sum rule variable τ and the degree n of
MSR are free parameters, one has to define some ro-
bust criteria for extracting the QCD parameters or/and
resonances masses and couplings from the sum rules.

Originally, SVZ have looked for a sum rule window
where they requires more than 50% contribution of the
resonance and less than 50% of the QCD continuum one
which most of the sum rules practitioners continue to
use. Later on using the example of the harmonic oscil-
lator and the J/ψ channel, Bell-Bertlmann [15, 16] have
shown that, the optimal result for an approximate se-
ries, is obtained at the minimum or inflexion point of
the ground state mass with respect to its τ-variation (see
various examples in e.g [3, 4]). This criterion is more
rigorous and improves the SVZ one as at the minimum
or inflexion point, the SVZ requirement is automatically
satisfied.

Later on, this criterion of τ-minimum sensitivity has
been extended to the one of the number n of mo-
ments [10, 11, 13], continuum threshold tc [3, 4] and PT
subtraction scale µ [45, 46, 49–52] where they are con-
sidered as external unphysical variables. We shall dis-
cuss some examples below.

6. Initial QCD input parameters

In the first iteration, the following QCD input param-
eters (mass in units of MeV) have been used :

αs(Mτ) = 0.325+0.008
−0.016 , 〈αsG2〉 = (0.07 ± 0.04) GeV4.

mc(mc) = (1261 ± 17) , mb(mb) = (4177 ± 11) , (11)

The central value of αs comes from τ-decay [35, 53].
The range covers the one allowed by PDG [54, 55] (low-
est value) and the one from our determination from τ-
decay (highest value) [35]. The values of mc,b(mc,b) are
the average from our recent determinations from char-
monium and bottomium sum rules [10, 11]. The value
of 〈αsG2〉 almost covers the range from different deter-
minations mentioned in Table 1 of Ref. [7].

7. mc and mb from HQSR

J/ψ and Υ systems have been used since the orig-
inal SVZ papers for extracting the charm and bottom
quark masses. However, in these pioneer works [3, 4],
the definition of the mass extracted from the analysis
was ambiguous which has become clear after the use of
the MS -scheme running mass mc,b(mc,b) [56]. The most
recent update of these determinations are summarized in
Table 2 from [49] which we reproduce in Table 1. These
results are compiled in the PDG data [54].
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Table 1: Values of mc(mc) and mb(mb) in units of MeV coming from
our most recent QSSR analysis based on stability criteria. Some other
determinations can be found in PDG [54].

Masses Values Sources Ref.
mc(mc) 1256(30) J/ψ family Ratios of LSR [7]

1266(16) Mχ0c−Mηc
Ratios of LSR [7]

1264(6) J/ψ family MOM & Ratios of MOM [13]
1286(66) MD Ratios of LSR [47]
1286(16) MBc Ratios of LSR [49]
1266(6) Average [49]

mb(mb) 4192(17) Υ family Ratios of LSR [7]
4188(8) Υ family MOM & Ratios of MOM [13]
4236(69) MB Ratios of MOM & of LSR [47]
4213(59) MB Ratio of HQET-LSR [48]
4202(7) MBc Ratios of LSR [49]
4196(8) Average [49]

8. Correlation between mc and mb from MBc
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Figure 1: MBc as function of mb(mb) for different values of mc(mc),
at the stability point µ=7.5 GeV and for the range of τ-stability values
τ = (0.30 − 0.32) GeV−2.

9. Correlation between mc,b and 〈αsG2〉

We show in Fig. 1 the correlation between mc and mb

from the LSR analysis of MBc [49]. One can check that
the numbers quoted in Table 1 satisfy this constraint.

The correlation among mc,mb and the gluon conden-
sate 〈αsG2〉 has been studied in details in [7, 8] using
the Laplace sum rule (LSR) in different ordinary char-
monium and bottomium channels. The advantage of the
vector channels J/ψ and Υ channels are that one has
complete data from e+e− → J/ψ,Υ, .... For the other
axial-vector (pseudo)scalar states, the simple duality
ansatz : “one resonance” +QCD “continuum” gives a
good description of the spectral function as tested from
these J/ψ,Υ, ... complete data (see previous quoted pa-
pers and books).

Figure 2: Correlation between 〈αsG2〉 and mc(mc) for given values of
αs and µ.

As an example we show in Fig. 2 the correlation be-
tween mc and the gluon condensate 〈αsG2〉. We have
used the initial inputs in Eq. 11 and the value :

µc = (2.85 ± 0.05) GeV, (12)

of the subtraction point µc at the stability region for
the charmonium J/ψ and χc1 channels from LSR [7, 8].
This figure clearly shows that with the alone J/ψ chan-
nel, one cannot fix accurately the value of the gluon
condensate as it is sensitive to the input values of mc,
where a fat band is observed. This feature explains the
apparent discrepancy between different results in the lit-
erature where only the value from the J/ψ channel has
been used. Adding the χc1-channel in the analysis with a
narrow band improves the determination of 〈αsG2〉 (see
Fig. 2), which leads at the intersection region to :

〈αsG2〉 = (8.5 ± 3.0) × 10−2 GeV4,

mc(mc) = (1256 ± 30) MeV . (13)

Using the average value of mc(mc) in Table 1, one can
deduce from Fig. 2 the improved estimate :

〈αsG2〉 = (7.35 ± 0.65) × 10−2 GeV4. (14)

As discussed in Ref. [7], the inclusion of an estimated
N3L0 PT and NLO gluon condensates corrections give
negligible contributions. This result can be compared
with the average of different sum rules determinations
prior 2017 (see Table 1 of [7]):

〈αsG2〉 = (6.25 ± 0.45) × 10−2 GeV4. (15)

This result confrms the conclusion of [15, 16, 37] stating
that the SVZ value 0.04 GeV4 has been underestimated
by about a factor 2.

10. Correlation between mb and αs

Some other correlations of mc,b with 〈αsG2〉 have
been also studied by Ref. [7] in different channels but
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Figure 3: Behaviour of ∆αs(Mτ) versus mb(mb) from the ratio of LSR
moments RΥ The horizontal band corresponds to the range of αs value
given in Eq. 11.

have given weaker constraints than the one presented
above. Instead, these channels have provided improved
estimates of mc,b with the results in Table 1. In the bot-
tomium channel, mb is instead correlated to αs as 〈αsG2〉

gives a relatively smaller correction than in the case of
charmonium. We show this correlation in Fig. 3 where
on can deduce that, for given values of αs, one can con-
strain the one of mb. The value:

µb = (9.5 ± 0.5) GeV , (16)

at the µ-stability region has been used.

Figure 4: Correlation between αs and 〈αsG2〉 by requiring that the
sum rules reproduce the (pseudo)scalar mass-splittings. The central
value of 〈αsG2〉 in the legend is the one of the previous average ob-
tained in [7] while the masses come from Eq. 11.

11. αs and 〈αsG2〉 correlation from Mχ0c(0b) − Mηc(b)

The correlation between αs and 〈αsG2〉 is more pro-
nounced from the analysis of the Mχ0c(0b) − Mηc(b) mass-
splittings. In doing a such analysis, first, it has been
checked that the LSR reproduces accurately the ab-
solute masses of the (pseudo)scalar states ηc(b) and
χ0c(0b) [7, 8]. Second, the mass-splittings have been

ÁÁ

ÚÚ

‡‡

2 4 6 8 100.15
0.20
0.25
0.30
0.35
0.40

m@GeVD

a s
HmL

Figure 5: Comparison with the running of the world average
αs(MZ ) = 0.1181(11) [54, 55] of our predictions at three different
scales: Mτ for the original low moment τ-decay width [35] (open
circle), 2.85 GeV for Mχc0 − Mηc (full triangle) and 9.5 GeV for
Mχb0 − Mηb (full square) [7].

extracted directly from the sum rules while the Dou-
ble Ratio of LSR [3, 4, 57] has not been used because
each individual mass sum rules do not optimize at the
same value of τ. The effect due to mc,b and to µ in the
stability regions induce respectively an error of about
(1 ∼ 2) MeV and 8 MeV. The largest effects are due
to the changes of αs and 〈αsG2〉. We show their corre-
lations in Fig 4. We have runned the value of αs from
µc = 2.85 GeV to Mτ in the charm channel and from
µb = 9.5 GeV to Mτ in the bottom one where the val-
ues of µ correspond to the scales at which the sum rules
have been evaluated:

αs(2.85) = 0.262(9) αs(Mτ) = 0.318(15)
 αs(MZ) = 0.1183(19)(3) ,

αs(9.50) = 0.180(8) αs(Mτ) = 0.312(27)
 αs(MZ) = 0.1175(32)(3) . (17)

The last error is due to the running procedure. We have
requested that the method reproduces within the errors
the experimental mass-splittings by about (2 ∼ 3) MeV.
The geometric mean of the two previous values of αs is :

αs(Mτ) = 0.317(15) αs(MZ) = 0.1181(19)(3), (18)

which is (surprisingly) in a very good agreement with
the world average [54, 55] :

αs(MZ) = 0.1181(11) . (19)

We also show in Fig. 5 the running of the world average
where we put the two determinations obtained at two
different scales µc = 2.85 and µb = 9.5 GeV.

Adding into the analysis the range of input αs values
given in Eq. 11 (light grey horizontal band in Fig. 4), one
can deduce stronger constraints on the value of 〈αsG2〉 :

〈αsG2〉 = (6.39 ± 0.35) × 10−2 GeV4. (20)
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Combining the previous values in Eqs. 14, 15 and 20,
one obtains the new sum rule average:

〈αsG2〉|average = (6.49 ± 0.35) × 10−2 GeV4, (21)

where we have retained the error from the most precise
determination in Eq. 20 instead of the weighted error
of 0.25. This result definitely rules out some eventual
lower and negative values quoted in Table 1 of Ref. [7].

12. QCD parameters from QSSR

We compile in Table 2 the recent values of the QCD
parameters obtained from heavy and light quarks QCD
spectral sum rules within stability criteria. We have in-
troduced the renormalization group invariant light quark
parameters m̂ψ and µ̂ψ [4, 58] :

mψ(µ) = m̂ψ/(log µ/Λ)2/−β1 (1 + ρm) ,

〈ψ̄ψ〉(µ) = −µ̂3
ψ(log µ/Λ)2/−β1/ (1 + ρm) , (22)

with : ρm = 0.8951as + 1.3715a2
s + 0.1478a3

s for n f = 3
light flavours [4, 59], where mψ and 〈ψ̄ψ〉 are the run-
ning mass and running condensate and as ≡ αs/π. We

Parameters Values Sources Ref.
Heavy
αs(MZ) 0.1181(16)(3) Mχ0c,b−Mηc,b

[7, 8]
mc(mc) [MeV] 1266(6) D, Bc⊕ (see Table 1)

J/ψ, χc1, ηc

mb(mb) [MeV] 4202(8) B, Bc ⊕ Υ (see Table 1)
〈αsG2〉 [GeV4] 6.49(35)10−2 Light-Heavy [7], this review
〈g3G3〉/〈αsG2〉 8.2(1.0)[GeV2] J/ψ [10–12]

Light
µ̂ψ [MeV] 253(6) Light [3, 4, 61, 62]
〈ψ̄ψ〉(2) [MeV]3 −(276 ± 7)3 – –
κ ≡ 〈s̄s〉/〈d̄d〉 0.74(6) Light-Heavy [3, 4, 61–64]
m̂u [MeV] 3.05 ± 0.32 Light [3, 4, 61, 62]
m̂d [MeV] 6.10 ± 0.57 – –
m̂s [MeV] 114(6) – –
mu (2) [MeV] 2.64 ± 0.28 – –
md (2) [MeV] 5.27 ± 0.49 – –
ms (2) [MeV] 98.5 ± 5.5 – –
M2

0 [GeV2] 0.8(2) Light-Heavy [3, 4, 27–34]
ραs〈ψ̄ψ〉

2 × 104 5.8(9)[GeV6] Light,τ-decay [30–32, 35–37]

Table 2: QCD parameters from heavy and light quarks QSSR (Mo-
ments, LSR and ratios of sum rules) within stability criteria. The
running light quark masses and condensates have been evaluated at
2 GeV.

have not considered the values of the light quark masses
and condensates when the instanton effect is included in

the SVZ-expansion. The corresponding results are also
disfavoured by lattice calculations [60].

13. HQSR for molecules / four-quark states

Within the last ten years, HQSR have been often used
for extracting the masses and couplings of the molecules
and tetraquark states from two-point functions built with
quartic quark or diquark anti-diquark currents or their
widths using vertex or light cone sum rules. Though the
phenomenological results are quite successful, there are
general comments on the existing works in the literaure
which reminds the early days of the SVZ sum rules :

– The analysis is often done at LO of perturbation the-
ory where the definition of the heavy quark mass which
plays a crucial role is ambiguous. The common pref-
ered choice of different authors is the running MS run-
ning mass which is not justified at all without adding ra-
diative corrections which are not easy to calculate. An
exception is the series of works in [51, 52] where the
factorised NLO contributions have been considered.

– One also notice the inflation of including higher
dimension condensates (sometimes until D=12) which
can be a good point. However, one should notice that
only a class of diagrams have been calculated and that
these high dimension condensates mix under renormal-
ization [26] which is incompatible with the vacuum sat-
uration often used to estimate them. The simple typical
example is the four-quark condensates discussed in the
introduction which mix under renormalization where a
violation of the vacuum saturation by a factor (2 ∼ 4)
has been observed from a fit to the data.

– In most papers, the optimization procedure based
on the sum rule window of SVZ remains handwaving as
the authors have introduced some inaccurate criteria like
larger than 50% contribution for the ground state and
smaller than 50% for the QCD continuum which, often,
is not properly taken into account in the error analysis.
Besides, this point the error analysis is often done in
a sloppy way and not in details such that the error is
difficult to be appreciated and to be checked.

– Many authors continue to use old estimates of the
QCD parameters by SVZ which (to my opinion) SVZ
themselves will not consider seriously at present . One
should be aware that a lot of efforts to improve the
values of these parameters and the field during many
decades have been done and should not be ignored. In-
deed, reading most of the present papers, one has the
impression that no progress on the improvment of the
method has been done since its discovery and the clock
has stopped in 1979 !
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– Some claims based on large Nc-expansion which
discredit the uses of QSSR for tetraquark states has been
disproved for finite Nc in [52].

14. Conclusions

We have shortly reviewed the modern status of heavy
quark sum rules (HQSR) where we have emphasized
the progresses on the determinations of the QCD pa-
rameters (quark masses, gluon condensates and QCD
coupling αs) which have been achieved thanks to the
analysis of the correlations among these parameters.

We have also commented the present uses of HQSR
for exotic hadron molecules and four-quark states.

To my personal opinion, QCD spectral sum rules can
still have a long lifetime for studying successfully the
properties of hadrons and for extracting the QCD pa-
rameters, provided, that we continuously improve the
method by doing a more careful job !
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