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OVERVIEW

Mesons and glueballs

Scattering of two scalar glueballs

Bound state of two glueballs: glueballonium
Effect of other glueballs on the scattering
Conclusions




CLASSIFICATION OF MESONS

8
Hadrons< Baryons  [qqq]
- Mesons [qq]
gq nonets Je Flavor states
Scalar (S) o ay% Ky % o, s fE)
Pseudoscalar(P) o * K Py, s )
Vector (V ) 1 OOK 00y, Ts (T ).

Axial-vector (A ) 1" @, %, K. fia, foa (s ).
Pseudovector (B') 1 b, K,;° fi's, fig (hy; hY).

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

m QCD predicts also exotic mesons as tetraquarks (qgqq) and glueballs




GLUEBALLS

m Gluons carry color charge and interact strongly with each other

m Several lattice QCD simulations of glueballs amivnuct-th/ozos0s8, Morningstar,peardon].

m Possible state that is predominantly a glueball state is the resonance
fo(171 O) [arXiv:1408.4921v1 [hep-ph], Janowski et al.]

oy (uu+ddy/P3
os (ss)

fo(1370): 83% oy, 6%cs, 1L1%G,
fo(1500) : 9%on, 88%as, 3%G,
fo(1710) : 8% on, 6%os, 86%G .




We worked with a single scalar glueball with ms = 1:7 GeV.
Below: plot from Lattice QCD: a glueball spectrum is found.
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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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Taylor expansion around min V(G =
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[-th scattering length
P L
k= 4mg: 3-momentum of any particle in the center of mass. sy,
Z
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phase shift
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SCHEMATIC REPRESENTATION OF THE UNITARIZATION THROUGH LOOPS
TREE LEVEL
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UNITARIZATION (S,D,G WAVE)

Loop function (s) in such a way to:

-preserve the pole corresponding to s = m;

-Ai"(s = 3m%) = 1: the branch point s = 3m% is generated by the single
particle pole for mZ along the t and u channels.

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

A=A G
Now:
-
0 s mz #
("(s) = %arg 1 +2i—|%12 = A(s)™™
and ]
U _ 1 u _ 1 1 :
do(Stn) = 5 -Ao(5) S:Sth— = mﬁ% S——
With our value of mg:
A(Sth) =L B 6= geir 0:504 GeV




REMARKS ON THE UNITARIZATION SCHEME

m Twice-subtracted loop (s = m%; 3m%): single-particle pole and branch
point fixed to the ones of TL amplitude.
Once-subtracted loop (s = m2): ghost with negative norm

m Results depend not only on the chosen subtraction, but also on the
applied unitarization scheme (overall phenomenology expected similar)

m 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.




THE GLUEBALLONIUM
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