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QCD Phenomenology

QCD is the theory that studies the interactions between quarks mediated by the gluons.
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QCD Phenomenology

Conventional hadrons

e Standard hadrons: Mesons and Baryons;

Meson

Exotic hadrons are subatomic particles composed of quarks and gluons, but which consist of more

Exotic hadrons: than three valence quarks or have an explicit valence gluon content.

Tetraquark

Glueball

Figure from Nat Rev Phys 1, 480-494 (2019) " Bomagosti
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Why Study Ex@ic Hadrons?

Low-energy QCD is a NON-PERTURBATIVE theory. Thg 3 hadronic resonances provides insight into the non-
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A more emblematic case
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Born-Oppenheimer Approxmatlon

In QED the BO approximation is used because the nucleus is way heavier then the
electron: m;, > m,

electron

e

(@)
We can decouple the motion of the light degrees of freedom
from the heavy ones
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The H, molecule
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What about a QCD H,?

* First problem: COLOR FACTOR

Depending on the color representation, the interaction can be attractive or repulsive (as in QED), but the
strength of attraction (repulsion) also depends on the representation.

MORAL: | NEED TO SPECIFY THE COLOR REPRESENTATION OF THE QUARKS IN THE
HADRON AS WELL.
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What about a QCD H,?

v" First problem: COLOR FACTOR

1 1
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* Second problem: CONFINEMENT
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What about a QCD H,?
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v" Second problem: CONFINEMENT
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Conclusions

* The Born-Oppenheimer approximation can be used to study the confinement dynamics of exotic hadrons composed of two
heavy quarks (charm or bottom);

* Asin QED, we can use the Born-Oppenheimer approximation to predict the mass spectrum of these new particles. This
work has been done for tetraquarks ggcc(bb) for example, by Maiani et al. in arXiv:2208.02730v2 [hep-ph];

* |Inarecent work, Grinstein et al. (arXiv:2401.11623v1 [hep-ph]) used the Born-Oppenheimer approximation to study the
radiative decays (with photon emission) of the X(3872);

* The Born-Oppenheimer approximation is a very useful tool not only in molecular physics but also in other fields. Its study
within the framework of QCD is still ongoing and provides many interesting insights for theoretical research activities.
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