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We use QCD sum rules to investigate the nature of the meson Xp3872q, assumed to be a mixture

between charmonium and exotic molecular rcqsrqcs states with JPC “ 1``. We discuss the

mass of the state, decay widths of the channels J{ψ`pions and J{ψγ, and the branching ratio

for the production of the state in the decay B Ñ Xp3872qK.

The state Xp3872q has been first observed by the Belle collaboration in the decay B`Ñ
Xp3872qK` Ñ J{ψπ`π´K` [1], and was later confirmed by CDF, D0 and BaBar [2]. The
current world average mass is mX “ p3871.4˘ 0.6qMeV, and the total decay width is
Γ ă 2.3 MeV at 90% confidence level. Further studies from Belle, Babar and CDF strongly
favor the quantum numbers JPC “ 1`` or 2´` [3].

The Xp3872q was the first state of an increasing number of candidates for exotic hadrons
discovered recently. The mass of this state is smaller than the one predicted by the con-
stituent quark model predictions [7]. Moreover, the decay rates of processes Xp3872q Ñ
J{ψ π`π´π0 and Xp3872q Ñ J{ψπ`π´ are comparable [3]:

(1)
ΓpX Ñ J{ψ π`π´π0q

ΓpX Ñ J{ψπ`π´q
“ 1.0˘ 0.4˘ 0.3,

which may indicate a strong isospin and G parity violation, which is incompatible with a cc
structure for Xp3872q. These are strong evidences that the Xp3872q is not a conventional qq
state, and attempts to treat this state as a multiquark state are being pursued, e.g. molecules
or tetraquarks states. The QCD sum rules (QCDSR) technique is an important tool in the
study the structure of hadronic states. In Ref. [4] the QCDSR calculations were performed to
study the tetraquark structure rcqsrcqs, and the mass obtained was mX “ p3.92˘ 0.13q GeV.
With a current for the mesonic molecule of the type pD˚0D0

´D˚0D0q the QCDSR calculation
reported in [5] obtained the mass mX “ p3.87˘ 0.07q GeV in a better agreement with the
experimental mass. Although the QCDSR results for the mass of the Xp3872q are good, it is
not possible to describe the decays data with the same success [6].

There are also evidences that seem to indicate the existence of a cc component in the Xp3872q
structure, as discussed in Refs. [8, 9]. Also, the recent observation, reported by BaBar [10],
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of the decay Xp3872q Ñ ψp2Sqγ at a rate: BpX Ñ ψp2Sqγq{BpX Ñ ψγq “ 3.4˘ 1.4, is much
bigger than the molecular prediction ΓpX Ñ ψp2Sqγq{ΓpX Ñ ψγq „ 4ˆ 10´3 [11].

In what follows we present some results of the QCD sum rules (QCDSR) calculations
on the Xp3872q, which we assume to be a mixed charmonium-molecular state. This is
implemented following the prescription suggested in [12] for the light sector. The mixing is
done at the level of the currents and is extended to the charm sector. In a different context
(not in QCDSR), a similar mixing was suggested already some time ago by Suzuki [9].
Physically, this corresponds to a fluctuation of the cc state where a gluon is emitted and
subsequently splits into a light quark-antiquark pair, which lives for some time and behaves
like a molecule-like state

The the mass of a hadronic state can be calculated in QCDSR [13] from the two-point
correlator using a current that creates the states with the quantum number of the hadron.
Considering the X(3872) as a JPC “ 1`` state we can construct a mixed charmonium-
molecule current, following [12]. The D0 D˚0 molecule is interpolated by (with q “ u):

Jp4qq
µ pxq “

1
?

2

„

`

qapxqγ5capxqcbpxqγµqbpxq
˘

´
`

qapxqγµcapxqcbpxqγ5qbpxq
˘



.(2)

As in ref. [12] we define the normalized two-quark current as

(3) Jp2qq
µ pxq “

1
6
?

2
xuuy capxqγµγ5capxq,

and from these two currents we build the following mixed charmonium-molecular current
for the Xp3872q:

(4) Jq
µpxq “ sinpθqJp4qq

µ pxq ` cospθqJp2qq
µ pxq ,

where θ is the mixing angle between the two-quarks and four-quarks states.

The mass of the Xp3872qwas obtained in Ref. [14], using the current (4). Taking into account
the variation of the mixing angle θ in the region 5˝ ď θ ď 13˝, the QCDSR calculation of the
mass gives:

(5) mX “ p3.77˘ 0.18q GeV ,

which is in a good agreement with the experimental value. The value obtained for the mass
grows with the value of the mixing angle θ, but for θ ě 30˝ it reaches a stable value being
completely determined by the molecular part of the current.

In order to study the decays of the Xp3872q it is necessary to calculate the three-point
function of the effective vertex for such decay. As a result of the calculation we can obtain
the coupling constant that can be used to compute partial widths.
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The width for the decay X Ñ J{ψV Ñ J{ψF where F “ π`π´pπ`π´π0q for V “ ρpωq is
calculated in [14], introducing a small admixture of D`D˚´ and D´D˚` components, then
the X current is written as:

(6) JX
µ pxq “ cos αJu

µpxq ` sin αJd
µpxq,

with Ju
µpxq and Jd

µpxq given by Eq.(4). The mixing angle between the different light flavors
are determined through the ratio (1) to be α » 20˝, which was obtained previously in [6, 15].

The QCDSR analysis of the three-point function of the vertex X´ J{ψ´V was performed
with the same range of the mixing angle 5˝ ď θ ď 13˝ used to determine the mass. The
partial width obtained was:

(7) Γ
`

X Ñ J{ψπ`π´π0˘

“ p9.3˘ 6.9q MeV.

in complete agreement with the experimental upper limit.

The work done in Ref. [14] showed the possibility of the description of the Xp3872q as a
mixed state in QCDSR, fixing the mixing angles to be 5˝ ď θ ď 13˝ and α „ 20˝. In Refs. [16]
and [17] it was investigated further consequences of this analysis, calculating the radiative
decay and the production in B decays, using the mixing angles determined in [14].

Belle Collaboration reported the radiative decay mode Xp3872q Ñ γJ{ψ [3] with the branch-
ing ratio: ΓpXÑ J{ψγq

ΓpXÑJ{ψ π`π´q
“ 0.14˘ 0.05. The QCDSR analysis in [16] gives the ratio

(8)
ΓpX Ñ J{ψ γq

ΓpX Ñ J{ψ π`π´q
“ 0.19˘ 0.13 ,

which is in complete agreement with the experimental result.

The channel of production of the X from B decays, B˘ Ñ Xp3872qK˘, is studied in Ref. [17].
This was done in the factorization approach, where the process can be viewed as two sub-
processes with two different couplings: the parameter λW in gives the coupling between
the weak current and the X state, and the form factors f˘pq2q describe the weak transition
B Ñ K. The branching ratio is therefore calculated was:

(9) BpB Ñ Xp3872qKq “ p1.00˘ 0.68q ˆ 10´5 ,

The result (9) is in agreement with the experimental upper limit BpB˘ Ñ K˘Xp3872qq ă
3.2ˆ 10´4 [18].

In summary, we present the QCDSR analysis of the Xp3872q state considering a mixed
charmonium-molecular current. The analysis for the state mass, decays into J{ψ`pions and
J{ψγ, and the production from B decays are consistent using the mixing angles in Eq. (6)
and (4) with the values α “ 20˝ and 5˝ ď θ ď 13˝. The result presented here shows that in
QCDSR is possible to explain the properties of the Xp3872q assuming that it is a mixture
between a cc state and D0D˚0, D0D˚0, D`D˚´ and D´D˚` molecular states.
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