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Towards an EFT description of the XYZ mesons

Experimental evidence

Quantum Chromodynamics (QCD), the theory of strong
interactions, predicts several types of bound states.
Among them are mesons (quark-antiquark) and baryons
(quark-quark-quark), which have been the only states ob-
served in experiments for years. However, in the last
15 years many states that do not fit this picture have
been observed at B-factories (Belle, BES, and BaBar),
at CLEO, and at LHC experiments.

There is growing evidence that at least some of the new
charmonium- and bottomonium-like states, the so-called
XYZ mesons, are new forms of matter such as glue-
balls, quark-gluon hybrids, mesonic molecules or com-
pact tetraquarks, and hadroquarkonia.

The search of exotic matter is a topic that has fascinated
all generations of nuclear and particle physicists since
the establishment of QCD as the theory of the strong in-
teraction. Experiments focused on systematic studies of
the XYZ states are needed and Europe is situated in a
leading position for the next decade with two major ex-
periments scheduled: LHCb@CERN and PANDA@GSI.

Theoretical purpose

In support of the experimental effort, we should also play
a leading role in the theoretical counterpart. The work
proposed in this project aims to perform a systematic,
model-independent and QCD-based description of the
XYZ states with the development of novel Effective Field
Theories (EFTs) from the ones that we know at present.

EFTs are the state-of-the-art tools for analysing physical
systems that contain different separated energy scales.
Heavy quarkonia are systems characterized by their
nonrelativistic nature, i.e. the heavy quark bound-state
velocity, v, satisfies v ≪ 1. Therefore, three widely
separated scales appear: the heavy quark mass m, the
relative momentum of the bound state p ∼ mv and the
binding energy E ∼ mv2. The existence of another
scale, the QCD confinement scale ΛQCD, makes the
procedure more intriguing since for energies close to
ΛQCD, perturbation theory breaks down and one has to
rely on nonperturbative methods. QCD vacuum models
and QCD’s Dyson-Schwinger equations (DSEs) are
modern nonperturbative tools in which the supervisor
and candidate are experts.

Main (tangible) objectives

1.Determination of the 1/mn hybrid potentials at short
distances within pNRQCD at weak coupling.

2.Determination of the 1/mn hybrid potentials at long dis-
tances within an Effective String Theory representation.

3.Expansion of the QCD Lagrangian as a power series in
1/m and 1/Nc to organize light-quark contributions.

4.Computation of nonperturbative terms through DSEs or
QCD vacuum models.
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