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Classification of mesons

Hadrons

8<: Baryons [qqq]

Mesons [�qq]

q�q nonets JPC Flavor states

Scalar (S) 0++ a�;00 , K��;0;�00 , �N, �S (f L0 ; fH0 �)
Pseudoscalar (P) 0�+ ��;0, K�;0;�0, �N, �S (�; �0)

Vector (V�) 1�� ��;0, K��;0;�0, !N, !S (!; �).
Axial-vector (A�) 1++ a�;01 , K�;0;�01;A , fN1;A, f S1;A (f1; f 01 ).

Pseudovector (B�) 1+� b�;01 , K�;0;�01;B , fN1;B, f S1;B (h1; h01).

Table: Examples of nonets of conventional mesons, their spin and parity, and the flavor
states. * means that the physical states are unknown

QCD predicts also exotic mesons as tetraquarks (�q�qqq) and glueballs
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Glueballs

Gluons carry color charge and interact strongly with each other
Several lattice QCD simulations of glueballs [arXiv:nucl-th/0309068, Morningstar,Peardon].
Possible state that is predominantly a glueball state is the resonance
f0(1710) [arXiv:1408.4921v1 [hep-ph], Janowski et al.]

σN � (�uu + �dd)/
p

2
σS � (�ss)
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We worked with a single scalar glueball with mG = 1:7 GeV.
Below: plot from Lattice QCD: a glueball spectrum is found.

Y. Chen et al, Phys. Rev. D73, 014516 (2006)
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Scattering of two scalar glueballs: Tree-level

Now only the YM sector of QCD will be considered.
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A. A. Migdal and M. A. Shifman, “Dilaton Effective Lagrangian In Gluodynamics,” Phys. Lett.B114, 445 (1982)
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TL Amplitude

Taylor expansion around min V(G = �G � 0:4 GeV)
V(G) = V(�G) + 1
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l-th scattering length

k = 1
2
p
s� 4m2

G: 3-momentum of any particle in the center of mass. sth � 4m2
G
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phase shift

�l(s) =
1
2arg
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schematic representation of the unitarization through loops
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Unitarization (s,d,g wave)

Loop function �(s) in such a way to:
-preserve the pole corresponding to s = m2

G
-Aunitl (s = 3m2

G) =1: the branch point s = 3m2
G is generated by the single

particle pole for m2
G along the t and u channels.

It follows that:
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The unitarized amplitude is so given by:

Aunitl (s) = [A�1
l (s)� �(s)]�1

Now:
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With our value of mG:

a0(sth) =1$ �G = �G;crit � 0:504 GeV
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Remarks on the unitarization scheme

Twice-subtracted loop (s = m2
G; 3m2

G): single-particle pole and branch
point fixed to the ones of TL amplitude.
Once-subtracted loop (s = m2

G): ghost with negative norm
Results depend not only on the chosen subtraction, but also on the
applied unitarization scheme (overall phenomenology expected similar)
Multiparticle states contribute to the imaginary part: Im� not valid up to
1! Cutoff function (form not known) interpretable as G wf overlap: this
would introduce a model dependence on the result.
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The Glueballonium
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For mG = 1:5 and 1:7 GeV:
�G;crit � 0:445 and 0:504 GeV.

For �G > �G;crit; @ bound state.
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