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We investigate the properties of the heavy axial vector χb1 and χc1 quarkonia at finite temperature.
Taking into account the thermal spectral density as well as additional operators coming up at
finite temperature and perturbative two-loop order corrections to the correlation function, we
obtained the thermal QCD sum rules for considering particles. It is observed that the masses
and decay constants almost remain unchanged with respect to the variation of the temperature
up to T ≈ 100MeV , however after this point, the decay constants decrease sharply and approach
approximately to zero at critical temperature. This situation may be interpreted as a signal for
deconfinement phase transition and our results at zero temperature are in good consistency with
the existing experimental values.
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1. Thermal Sum Rule for Heavy Axial Vector Quarkonia

Investigation of the properties of heavy quarkonia such as bottomonium (b̄b) and charmonium
(c̄c) in medium can give valuable information about the QCD vacuum. Since hadrons are formed
in a region of energy that is very far from the perturbative region, some nonperturbative approaches
are needed to calculate their parameters. Among the nonperturbative methods, the QCD sum rules
approach [1] is one of the most attractive, applicable and powerful method. The thermal version of
this approach was proposed by Bochkarev and Shaposhnikov [2].

We start considering two-point thermal correlation function of axial vector currents:

Πµν

(
q,T

)
= i

∫
d4x eiq·x⟨T (Jµ(x)J†

ν(0))⟩, (1.1)

where, Jµ(x) =: Q(x)γµγ5Q(x) : with Q = b or c is the interpolating current of heavy axial vec-
tor meson, T is temperature and T denotes the time ordering product. The aforesaid correlation
function can be calculated both in terms of the hadronic parameters called the physical or phe-
nomenological side, and in terms of the QCD parameters called the theoretical or QCD side. These
two representations are matched using dispersion relations to obtain the QCD sum rules for the
physical observables under consideration. After applying the Borel transformation to suppress the
higher states and continuum contributions further, we get (for more details see also [3])

f 2
A(T )m

2
A(T )exp(− s

M2 ) =
∫ s0(T )

4m2
ds
[
ρt,a(s)+ραs(s)

]
exp(− s

M2 )+ B̂Πnp
t , (1.2)

where the annihilation part of the spectral density is expressed as:

ρt,a(s) =
s

4π2 v3
[
1−2n

(√s
2T

)]
, (1.3)

and the perturbative two-loop αs order correction to the spectral density at zero temperature is given
by [1, 4]:

ραs(s) = αs
s

3π3

[
πv3

( π
2v

− 1+ v
2

(π
2
− 3

π

))
− 21

16
v+

30
16

v3 +
3

16
v5 − 3

2
v(1+ v2)

+
(21

32
+

59
32

v2 +
19
32

v4 − 3
32

v6 − 5
4
(1+ v2)2 +2

)
ln

1+ v
1− v

]
, (1.4)

where v = v(s) =
√

1−4m2/s and n(x) = [exp(βx)+ 1]−1 is the Fermi distribution function. In
order to obtain the thermal version of the two-loop αs order correction, the strong coupling αs is
replaced with its temperature dependent lattice improved version given in [5]. Also, the nonpertur-
bative part in Borel scheme is obtained as:

B̂Πnp
t =

∫ 1

0
dx

exp
[

m2

M2(−1+x)x

]
288M6π2(−1+ x)4x4

[
3⟨αsG2⟩

(
8M6x4(x−1)4 +m6(1−2x)2(1−2x+ x2)

− m2M4(x−1)2(2x6 −4x5 +4x4 −2x3 −3x2)+m4M2(8x6 −24x5 +13x4 +14x3 −14x2

+ 3x)
)
+4αs⟨Θg⟩

(
m2M4(x−1)2(22x6 −44x5 +74x4 −52x3 + x2)−M6(x−1)3(4x7 −8x6

+ +38x5 −34x4 +12x3)−3m6(1−2x)2(1−2x+2x2)−m4M2(40x6 −120x5 +99x4 +2x3

− 28x2 +7x)
)]

(1.5)

where M2 and m are the Borel mass parameter and quark mass, respectively.
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2. Conclusion and Discussion

The sum rules for the masses and decay constants contain two auxiliary parameters, namely
continuum threshold s0 and Borel mass parameter M2. The continuum threshold s0 is not com-
pletely arbitrary and it is related to the energy of the first exited state of the meson. The intervals
of continuum thresholds for χb1 and χc1 heavy axial mesons are chosen as s0 = (106−110) GeV 2

and s0 = (15−17) GeV 2, respectively.
Taking into account the temperature dependencies of hadronic threshold, energy density, two

loop αs order correction, quark and gluon condensates, we obtained that decay constants of χb1 and
χc1 obey following fit functions in unit of GeV:

f (T ) = A+Bexp(λ T ) (2.1)

The values of the parameters A, B and λ are given in Table 1

A(GeV ) B(GeV ) λ (GeV−1)

χb1 0.24 −2.33×10−4 47.26
χc1 0.34 −7.94×10−5 39.57

Table 1: Parameters appearing in fit function.

At T = 0, values of the masses and decay constants for χc1 and χb1 are obtained as mχc1 =

(3.52±0.11)GeV, fχc1 =(0.344±0.027)GeV, mχb1 =(9.96±0.26)GeV , fχb1 =(0.240±0.012)GeV.
The obtained mass results are in good consistency with the existing experimental data [6]. Our in-
vestigation shows that the masses and decay constants remain unchanged with the variation of
temperature up to T ∼= 100 MeV , but after this point, they start to diminish with increasing tem-
perature. At deconfinement temperature, the decay constants reach approximately to 22% of their
vacuum values, while the masses decrease about 4%, and 19% for χb1 and χc1 states, respectively.
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