
Commun. Theor. Phys. 57 (2012) 1033–1036 Vol. 57, No. 6, June 15, 2012

Can X(3872) be a J
P = 2− Tetraquark State?∗
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Abstract In this article, we test the nature of X(3872), which is assumed to be a P-wave [cq]-scalar-diquark [c̄q̄]-
axial-vector-antidiquark tetraquark state with JP = 2−. The interpolating current representing the JP = 2− state is

proposed. Technically, contributions of the operators up to dimension six are included in the operator product expansion.

The mass obtained for such state is m2− = (4.38± 0.15) GeV. We conclude that it is impossible to describe the X(3872)
structure as JP = 2− tetraquark state.
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The state X(3872) was first discovered by Belle[1] in

the π+π−J/ψ mode and then confirmed by the CDF,[2]

D∅,[3] and BABAR[4] Collaborations in the same decay

channal. The most recent measure of its mass is[5]

mX = (3871.85± 0.27(stat) ± 0.19(syst)) MeV , (1)

with a width of ΓX < 1.2 MeV. Belle[1] and CDF[6]

proposed that it proceeds through the X → J/ψρ →
J/ψπ+π− decay. Since a charmonium state has isospin

zero, it can not decay into X → J/ψρ, so the X(3872)

is identified as an “exotic” state. According to the CDF

analysis of the decay angular distribution[6] and the in-

variant π+π− mass distribution[7] of the J/ψπ+π− decay

mode, only 1+ and 2− assignments are possible. The close

proximity ofX(3872) mass to theDD̄∗ threshold indicates

that X(3872) might be a loosely bound DD̄∗ molecular

state, whose quantum number is JP = 1+. Also, an angu-

lar analysis applied to the 2π mass distribution in J/ψρ fa-

vors the quantum number JP = 1+.[8] In compliance with

these quantum numbers, many literatures have appeared

in the past years. Its possible interpretations include the

molecular state, tetraquark state and hybrid charmonium

(see reviews Refs. [9]–[15] and references therein). Using

QCD sum rules (QCDSR),[16] Nielsen et al. discussed the

possibility that it is possible to describe theX(3872) struc-

ture as a mixed molecule-charmonium state and study its

strong decay and radiative decay.[17−18]

Very recently, the BABAR collaboration has per-

formed angular distribution analysis of the decay B →
J/ψωK, indicating that P-wave between J/ψ and ω is fa-

vored, so that quantum numbers JP = 2− is preferred.[19]

In this case, the most conventional explanation is the

11D2 charmonium state ηc2(1D). In Refs. [20–21], the

radiative transition processes ηc2(1D) → J/ψ(ψ′) + γ

is investigated within several phenomenological potential

models with the assumption that X(3872) is a ηc2(1D)

charmonium, which are in contradiction with the exist-

ing BABAR measurements.[22] The data on its D0D̄0π0

decay mode[23] also contradict the 11D2 charmonium in-

terpretation of the X(3872).[24] The decay of B → ηc2X

is studied in NRQCD factorization framework, which in-

dicates that X(3872) is unlikely to be a 11D2 charmo-

nium state.[25] Thus, we have to resort to exotic explana-

tions for the JP = 2− quantum numbers. In Ref. [26],

it is shown that the molecular interpretation appears

to be untenable, but the tetraquark interpretation may

be a viable candidates to be X(3872) with JP = 2−.

Follow their opinion, we study the mass of X(3872) as

a P-wave [cq]-scalar-diquark [c̄q̄]-axial-vector-antidiquark

tetraquark state with JP = 2− using the QCDSR.

The interpolating current representing a JP = 2− P-

wave tetraquark state with [cq]-scalar-diquark and [c̄q̄]-

axial-vector-antidiquark fields is adopted as

jµν =
ǫabcǫdec√

2
[(qT

aCγ5cb)Dµ(q̄dγνCc̄
T

e )] . (2)

Herein the index T represents matrix transposition, C

means the charge conjugation matrix, Dµ denotes the co-

variant derivative, while a, b, c, d, and e are color indices.

In the QCDSR approach, the mass of the particle can

be determined by considering the two-point correlation

function

Πµν,αβ(q2) = i

∫

d4x e iq.x〈0|T [jµν(x)j+αβ(0)]|0〉 . (3)

The QCDSR attempts to link the hadron phenomenology

with the interactions of quarks and gluons, which is ob-

tained by evaluating the correlation function in two ways:

an approximate description of the correlation function in

terms of intermediate states through the dispersion re-

lation, a description of the same correlation function in
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terms of QCD degrees of freedom via operator product

expansion (OPE).
In the phenomenological side, the correlation function

is calculated by inserting a complete set of intermediate

states with the same quantum numbers as the tetraquark

state. Parametrizing the coupling of the JP = 2− tensor

state to the current jµν in term of the parameter fX as

〈0|jµν(0)|X〉 = fXεµν , (4)

where εµν is the relevant polarization tensor. Using

Eq. (3) in the phenomenological side of Eq. (4), we ob-

tain

Πµν,αβ =
f2

X

m2
X
− q2

{1

2
(gµαgνβ + gµβgνα)

}

+ other structures + · · · , (5)

where the only structure, which contains the contribution

of the tensor meson has been kept. In calculations, we

have performed summation over the polarization tensor

using

εµνε
∗
αβ =

1

2
TµαTνβ +

1

2
TµβTνα − 1

3
TµνTαβ , (6)

with

Tµν = −gµν +
qµqν
m2

X

. (7)

In the OPE side, we single out the structure

(1/2)(gµαgνβ + gµβgνα) whose coefficient is denoted as

Π(1)(q2) =

∫ ∞

4m2
c

ds
ρOPE(s)

s− q2
, (8)

where the spectral density is ρOPE(s) = (1/π)ImΠ(1)(s).

After equating the two sides, assuming quark-hadron du-

ality, and making a Borel transformation, the sum rule

can be written as

f2
X

e−m2

X
/M2

=

∫ s0

4m2
c

dsρOPE(s) e−s/M2

, (9)

with M2 the Borel parameter.

In calculations, we work at the leading order in αs and

consider vacuum condensates up to dimension six, with

the similar techniques in Refs. [27–28]. After tedious cal-

culation, the concrete forms of spectral densities read:

ρOPE(s) = ρpert(s) + ρ〈q̄q〉(s) + ρ〈g
2G2〉(s) + ρ〈gq̄σ·Gq〉(s) + ρ〈q̄q〉2(s) , (10)

with

ρpert(s) =
1

5 ∗ 213π6

∫ αmax

αmin

dα

α4

∫ 1−α

βmin

dβ

β4
(α3 + α2β − 2α2 + αβ2 − 3αβ + 2α+ β3 − β2 + β − 1)r(mc, s)

5 ,

ρ〈q̄q〉(s) =
〈q̄q〉

3 ∗ 28π4
mc

∫ αmax

αmin

dα

α2

∫ 1−α

βmin

dβ

β2
(2β2 + 2αβ − 2β − 1)r(mc, s)

3 ,

ρ〈g
2G2〉(s) =

〈g2G2〉
33 ∗ 213π6

m2
c

∫ αmax

αmin

dα

α4

∫ 1−α

βmin

dβ

β
(α+ β − 1)2(2α2 + α− 2β2 − β)r(mc, s)

2 ,

ρ〈gq̄σ·Gq〉(s) =
〈gq̄σ ·Gq〉

210π4
mc

∫ αmax

αmin

dα

α(α − 1)
[m2

c − α(1 − α)s]2

− 〈gq̄σ ·Gq〉
210π4

mc

∫ αmax

αmin

dα

α2

∫ 1−α

βmin

dβ

β2
(4α2β + 6αβ2 − 2αβ − α2 − β)r(mc, s)

2

− 〈gq̄σ ·Gq〉
210π4

mc

∫ αmax

αmin

dα

α

∫ 1−α

βmin

dβ

β2
(2β2 + 2αβ − 2β − α)r(mc, s)

2 ,

ρ〈q̄q〉2(s) =
〈q̄q〉2

3 ∗ 25π2
m2

c

(2m2
c

3
− s

6

)

√

1 − 4m2
c/s , (11)

with r(mc, s) = (α + β)m2
c − αβs. The integration limits are given by αmin = (1 −

√

1 − 4m2
c/s)/2, αmax = (1 +

√

1 − 4m2
c/s)/2, and βmin = αm2

c/(sα−m2
c).

To extract the mass mX, we take the derivative of Eq. (9) with respect to 1/M2 and then divide the result by itself

m2
X

=

∫ s0

4m2
c

dsρOPE(s)s e−s/M2
/

∫ s0

4m2
c

dsρOPE(s) e−s/M2

. (12)

Before the numerical analysis of Eq. (12), we first spec-

ify the input parameters. The quark mass is taken asmc =

1.23 GeV.[29] The condensates are 〈q̄q〉 = −(0.23)3 GeV3,

〈gq̄σ · Gq〉 = m2
0 〈q̄q〉, m2

0 = 0.8 GeV2, and 〈g2G2〉 =

0.88 GeV4.[16] Complying with the standard procedure of

the QCDSR, the threshold s0 and Borel parameter M2

are varied to find the optimal stability window. There are

two criteria (pole dominance and convergence of the OPE)

for choosing the Borel parameter M2 and threshold s0. In

general, the continuum threshold s0 is a parameter of the
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calculation, which is connected to the mass of the studied

state, by the relation
√
s0 ≈ (mX + 0.5 GeV).

Concretely, the contributions from the high dimension

vacuum condensates in the OPE are shown in Fig. 1. We

have used
√
s0 ≥ 4.6 GeV. From this figure it can be

seen that for M2 ≥ 2.0 GeV2, the contribution of the

dimension-6 condensate is less than 16% of the total con-

tribution and the contribution of the dimension-5 conden-

sate is less than 20% of the total contribution, which in-

dicate a good Borel convergence. Therefore, we fix the

uniform lower value of M2 in the sum rule window as

M2
min = 2.0 GeV2. The upper limit of M2 is determined

by imposing that the pole contribution should be larger

than continuum contribution. Figure 2 demonstrates the

contributions from the pole terms with variation of the

Borel parameter M2. We show in Table 1 the values of

M2
max for several values of

√
s0. In Fig. 3, we plot the

tetraquark state mass in the relevant sum rule window,

for different values of
√
s0. It can be seen that the mass

is very stable in the Borel window with the correspond-

ing threshold
√
s0. The final estimate of the JP = 2−

tetraquark state is obtained as

mX = (4.38 ± 0.15) GeV . (13)

Fig. 1 The OPE convergence for the JP = 2−

tetraquark state. (a) and (b) correspond to the con-
tributions from the D = 6 term and the D = 5 term,
respectively. Notations α, β, γ, λ, and ρ correspond to
threshold parameters

√
s0 = 4.6 GeV, 4.7 GeV, 4.8 GeV,

4.9 GeV, and 5.0 GeV, respectively.

Table 1 Upper limits in the Borel window obtained
from the sum rule for different values of

√
s0.

√

s0/GeV M
2
max/GeV2

4.6 2.3

4.7 2.4

4.8 2.6

4.9 2.8

5.0 2.9

Fig. 2 Contributions from pole terms with variation
of the Borel parameter M2 in the case of JP = 2−

tetraquark state. Notations α, β, γ, λ, and ρ corre-
spond to threshold parameters

√
s0 = 4.6 GeV, 4.7 GeV,

4.8 GeV, 4.9 GeV, and 5.0 GeV, respectively.

Fig. 3 The mass of the JP = 2− tetraquark state as
a function of M2. Notations α, β, γ, λ, and ρ corre-
spond to threshold parameters

√
s0 = 4.6 GeV, 4.7 GeV,

4.8 GeV, 4.9 GeV, and 5.0 GeV, respectively.

In summary, by assuming X(3872) as a [cq][c̄q̄]

tetraquark state with quantum numbers JP = 2−, the

QCDSR approach has been applied to calculate the mass

of the resonance. Our numerical results are msc X =

(4.38 ± 0.15) GeV, which indicates that X(3872) is un-

likely to be a JP = 2− tetraquark state. Thus, JP = 1+

assignment for the quantum numbers of the X(3872) is

favored.
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