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1Özyeğin University, Department of Natural and Mathematical Sciences,
Çekmeköy, Istanbul, Turkey.

Abstract. In this work, the masses of the ground states coupling to molecular or
tetraquark currents with JPC = 0++, 1++, 2++ are studied to investigate the structure of
X(4140) exotic meson observed at J/ψφ invariant mass spectrum. We found that all
currents predict ground states with masses of the same magnitude, which might be inter-
pereted as the existance of at least three exotic structures with degenerate mass.

X(4140), an exotic meson, was experimentally observed by several collaborations in the invariant
mass spectrum of J/ψφ final states, and very recently its quantum numbers are announced to be
JPC = 1++ by LHCb Collaboration[1–4]. However, the decay width of the state observed by LHCb is
unexpectedly wider than the previous observations. Despite these observations, its structure has not
been totally understood yet, as well as other exotic mesons. In the literature, its claimed that X(4140)
might be a scalar, axial vector or a tensor meson, with positive charge conjugation, which might be a
D∗sD̄∗s molecule or a tetraquark state [5–12].

In this work, we chose three molecule and three tetraquark currents, which can couple to X(4140),
with JPC = 0++, 1++, 2++, and estimated the masses of the ground states coupling to these currents in
the framework of QCD sum rules (QCDSR). In operator product expansion (OPE), we considered
the terms including dimension eight, and we performed pole contribution tests carefully. According
to our results, all of these currents couple to the ground states with degenerate masses which are in 10
MeV vicinity of X(4140). Therefore, by using QCDSR, it is not possible to conclude that X(4140)
has a dominant molecular or tetraquark content. However, there may be three states degenerate in
mass, with positive charge conjugation and different isospins.

In QCDSR, we consider the following two point correlation function

Π(q) = i
∫

d4xeiq·x〈0|T (J(x)J†(0))|0〉, (1)

where J(x) is the interpolating current. The following molecular currents

J(x) = sa(x)γµca(x) cb(x)γµsb(x), (2)

Jµ(x) =
(sa(x)γ5ca(x) cb(x)γµsb(x) − sa(x)γµca(x) cb(x)γ5sb(x))

√
2

, (3)
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Jµν(x) =
(sa(x)γµca(x) cb(x)γνsb(x) + sa(x)γνca(x) cb(x)γµsb(x))

√
2

, (4)

and the following tetraquark currents

J(x) = εi jkεimn(s j(x)Cγµck(x) sm(x)γµCcn(x)), (5)

Jµ(x) =
εi jkεimn(s j(x)Cγ5ck(x) sm(x)γµCcn(x) − s j(x)Cγµck(x) sm(x)γ5Ccn(x))

√
2

, (6)

Jµν(x) =
εi jkεimn(s j(x)Cγµck(x) sm(x)γνCcn(x) + s j(x)Cγνck(x) sm(x)γµCcn(x))

√
2

, (7)

are chosen to investigate the structure of X(4140), where C is the charge conjugation matrix. In order
to get the sum rules expression for the masses, the correlation function in Eq. 1 should be calculated
twice, in terms of both hadronic and quark-gluon degrees of freedoms. In terms of physical states
(hadrons), it can be expressed as

ΠPhys(q) =
〈0|JX1 |X1(q)〉〈X1(q)|JX1†|0〉

m2
X1
− q2

+ (.......) , (8)

where MX1 is the mass of the ground state coupling to the chosen current. The scalar (S), axial vector
(AV) and tensor (T) matrix elements are defined as

〈0|JX |X(q)〉 = λ(S ), (9)
〈0|JX

µ |X(q)〉 = λ(AV)ε
(θ)
µ , (10)

〈0|JX
µν|X(q)〉 = λ(T )ε

(θ)
µν , (11)

where ε(θ)
µ and ε(θ)

µν are vector and tensor polarizations. In terms of hadronic states, the correlators are
obtained as

ΠPhys(q) =
λ2

(S )

m2
X − q2

, (12)

Π
Phys
µν (q) =

λ2
(AV)

m2
X − q2

gµν + other structures + ... , (13)

Π
Phys
µν,αβ(q) =

λ2
(T )

m2
X − q2

{
1
2

(gµα gνβ + gµβ gνα)
}

+ other structures + ... , (14)

where the structures of interest are shown.
In QCDSR, the same correlation functions are also calculated in terms of quark-gluon degrees of

freedom with the help of the OPE. In OPE, we considered operators up to dimension eight and used
the full quark propagators as

    
 

DOI: 10.1051/, 06007 (2017) 713706007137EPJ Web of Conferences epjconf/201
XIIth  Quark Confinement & the Hadron Spectrum

2



S i j
s (x) = i

6 x
2π2x4 δi j −

ms

4π2x2 δi j −
〈s̄s〉
12

[
1 − i

ms

4
6 x
]
δi j −

x2

192
m2

0〈s̄s〉
[
1 − i

ms

6
6 x
]
δi j

−
igsG

αβ
i j

32π2x2

(
6 xσαβ + σαβ 6 x

)
δi j − i

x2 6 xg2
s〈s̄s〉2

7776
δi j −

x4〈s̄s〉〈g2
sGG〉

27648
+ ... , (15)

S i j
c (x) = i

∫
d4ke−ik·x

(2π)4

[ 6k + mc

k2 − m2
c
δi j −

gsG
αβ
i j

4
σαβ(6k + mc) + (6k + mc)σαβ

(k2 − m2
c)2

+
g2

smc

12
k2 + mc 6k
(k2 − m2

c)4 GA
αβG

Aαβδi j + · · ·
]

(16)

for s and c quarks respectively. Applying the steps of traditional QCDSR analysis, the sum rules for
the masses are found as

m2
X(4140) =

∫ s0

(ms+mc)2 ds s ρOPE(s)e−s/M2∫ s0

(ms+mc)2 dsρOPE(s)e−s/M2
, (17)

where s0 is the continuum threshold, M2 is the Borel mass and ρOPE = Im[ΠOPE/π] is the spectral
density.

To obtain the numerical values of the masses, the working regions of s0 and M2 are determined as

4.0 GeV2 ≤ M2 ≤ 6.0 GeV2 and 19.7 GeV2 ≤ s0 ≤ 21.5 GeV2,

where the effects of continuum, higher resonances and condensates with higher dimensions satisfy
the requirements of QCDSR. Other input parameters such as quark masses and the values of the
condensates are taken from [13]. We present our results for the masses in Table 1, in comparison with
the previous results estimated by QCDSR calculations and also by experiments. The obtained results
are stable with respect to the variations of s0 and M2 within the aforementioned working regions.

The mass estimated by the scalar molecular current (Eq. 2) is in agreement with the results of
the previous works interpreting X(4140) as a scalar D∗sD̄∗s molecule. Both molecular and tetraquark
axial vector currents (Eq. 3 and 6) are also in good agreement with the recent measurement of LHCb.
However, the masses obtained by all currents (Eq. 2-7) are almost degenerate, which does not al-
low us to claim that X(4140) is showing quantum properties of a specific current among those we
investigated. This result might be a sign for the existence of scalar and tensor partners of axial vec-
tor X(4140) observed by LHCb. In the literature, such scenario was introduced for X(3872) and its
possible partners[14].

In conclusion, we presented a QCD sum rules analysis of the two point correlation function for
possible D∗sD̄∗s molecule and tetraquark currents with JPC = 0++, 1++ and 2++. According to our re-
sults, the mass of the axial vector structure observed by LHCb is obtained correctly by both molecular
and tetraquark axial vector currents. In addition, we obtained similar masses for the states that couple
to molecular and tetraquark currents with JPC = 0++ and 2++. From a QCD sum rule point of view, we
conclude that possible partners of an axial vector X(4140) should also be considered. Consequently,
X(4140) should be investigated more, by studying its decays, and by other approaches as well.

Acknowledgements: This work is supported by TUBITAK under project number 114F215. H.D. and A.T. thanks K. Azizi,
H. Sundu, A. Ozpineci, Y. Kai, E.A. Yetkin and F. Ozok for helpful discussions.

    
 

DOI: 10.1051/, 06007 (2017) 713706007137EPJ Web of Conferences epjconf/201
XIIth  Quark Confinement & the Hadron Spectrum

3



Table 1. Table of the masses calculated in this work, and their comparison with literature.

This Work Literature Experiments
(GeV) (GeV) (MeV)

0++ Molecular 4.16 ± 0.07 4.14 ± 0.09 [5]
4.13 ± 0.10 [6, 7]
4.48 ± 0.17 [8]
4.43 ± 0.16 [9]
4.14 ± 0.08 [10]

1++ Molecular 4.15 ± 0.06
2++ Molecular 4.15 ± 0.05
0++ Tetraquark 4.16 ± 0.06 3.98 ± 0.08 [11]
1++ Tetraquark 4.15 ± 0.06 3.95 ± 0.09 [12]
2++ Tetraquark 4.18 ± 0.09 4.13 ± 0.08 [11]
CDF [2, 3] MX = 4143.4+2.9

−3.0 ± 0.6
CMS [4] MX = 4148.0 ± 2.4 ± 6.3
LHCb [1] MX = 4146.5 ± 4.54.6

−2.8
Average [1] MX = 4146.9 ± 2.3
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