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The energy dependence of the tetraquark
production cross section

We develop a very first model to describe the energy dependence of the tetraquark production cross section in proton-proton collisions. The model implements a mixture of two
different formalisms. It employs the Double Parton Scattering (DPS) formalism to describe the production of two quark pairs (a plus a ) and uses the Color
Evaporation Model (CEM) to describe the coalescence of the two quark pairs in a compact tetraquark state. After using the experimental value of the X(3872) production cross
section measured by the CMS collaboration we fixed the parameters of our model at 7 TeV and make predictions for 14 TeV. We also make predictions for the production cross
section of the (a tetraquark composed by 2 ̅ pairs) for the energies of the LHC.

Introduction
The existence of exotic hadrons has been firmly established [1,2]. However, their structure is
still unknown. The two configurations most discussed in the literature are the meson
molecule and the tetraquark. One difficult of the meson molecule approach is that it is not
able to describe properly the measured value of the production cross sections [1,3,4]. In the
particular case of the X(3872) production in proton-proton collisions the value obtained
using the molecule formalism is 2 orders of magnitude smaller than the measured one. The
present challenge for theorists is to show that these data can be described using the
tetraquark model. To the best of our knowledge a estimative of the exotic hadrons production
cross sections using the tetraquark approach was not done yet in the literature. In this work
we give a first step in this direction developing a model to calculate the production cross
section of tetraquarks as a function of the center of mass energy of the collision. We then
estimate the production cross sections of the X(3872) and of the (a tetraquark compose
by 2 ̅ pairs) at the energies of the LHC.

Formulas
We start with the DPS “pocket formula”:

With 15 mb a constant determined from a fit to experimental data and the 
standard QCD parton model formula. In terms of the masses and of the rapidities of the 
clusters 12 and 34 (rather than the Bjorken variables , , and of the individual 
quarks) the above formula is expanded as:

Where the functions were introduced to impose the momentum conservation and to 
guarantee that the gluon pairs have invariant masses high enough to produce the desired 
quark pairs. The g functions are the gluonic distributions of the protons and the delta 
function imposes that the two clusters are “flying together” (they are bound).
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The Model
Our model employs two different formalisms. We use the Double Parton Scattering (DPS) to
describe the production of 2 quark pairs ( and ) and the Color Evaporation Model
(CEM) to describe the coalescence of the two pairs in a compact tetraquark.

The Double Parton Scattering (DPS)
The production of 2 quark pairs, e.g. a ̅ ,̅ can take place as an correction to the
standard Single Parton Scattering (SPS) process, where one gluon from the proton target
scatters with one gluon from the proton projectile, i.e., the process:  → ̅ ̅ .
Nonetheless, due the rapid increase of the gluonic distributions with the center of mass
energy of the proton-proton collision, the occurrence of multiple parton scatterings cannot be
disregarded. In other words, at high energies there is a high probability that two independentgg → ̅ processes take place in the same p-p collision, and this is another possibility of
producing two ̅ pairs. This is called Double Parton Scattering (two gluons from the target
scatter independently with two gluons from the projectile). In fact, it has been shown that in
p-p collisions at the LHC the contribution of the DPS channel to the charm production cross
section is of the same order of magnitude as the SPS contribution [5,6]. For our purposes,
here we consider the production of two ̅ pairs as well as the production of a ̅ and a in
DPS processes, with q a light quark.

The Color Evaporation Model (CEM)
After producing the 2 quark pairs we need a mechanism to bind them together in a compact
tetraquark. To do this we use the same ideas of the Color Evaporation Model formalism for
the production of charmonium. In the CEM the ̅ pair is kinematically bound, i.e., the pair
sticks together because its invariant mass is not large enough to produce anything else. The
pair can exchange additional gluons with the hadronic color field to become color neutral.
We use the CEM ideas to study the production of the and of the 3872 in DPS events.
Our scheme is depicted in the figure below.

When the clusters 12 and 34 contain a ̅ pair each one, the final state will be the . If we
change the ̅ by a light pair in the cluster 34 the final state will be a X(3872).

: The all-charm tetraquark
The state was first discussed in 1975 by Iwasaky [7], and then many other discussions 
were done in the 1980’s and early 1990’s concerning its existence. More recently Lloyd and 
Vary found that deeply bound (≈ 100 MeV) states may exist with masses close to 6 GeV [8]. 
In [9], using the hyper-spherical harmonic formalism, the authors found that the may
exists with quantum numbers 0 , 2 and 2 and masses 6.50, 6.65 and 6.22 GeV. And in 
2012 the authors of [10] studied this problem with the Bethe-Salpeter approach and found 
that a state can exists with 0 and 5.3 0.5 GeV.

Results
Once the quark masses have been chosen, the only free parameter of the model is the 
normalization constant . To determine it we just need a single experimental value of the 
tetraquark production cross section, and done it the model is able to predict other values for 
different energies. For the X(3872) we use the value measured by the CMS collaboration 
[11], 7 TeV 30 nb. On the other hand, nothing is known about the . For the 
time being we can only make a simple estimate. For this we use the experimental point of the 
X(3872) production cross section and multiply it by a penalty factor.

Our results are:

Predictions are:


