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MOTIVATION

Almost twenty years after the discovery of y.1(3872) , a deep
dynamical understanding of this and other unconventional
mesons 1s still lacking.

CHALLENGE

Unified and consistent description of heavy-quark mesons,
conventional ( ¢¢ ) and unconventional, from QCD.
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1) Heavy-quark meson description.

11) String breaking potential.
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HEAVY-QUARK MESON DESCRIPTION
General Requirement

An accurate description of heavy-quark mesons requires a suitable choice
of the degrees of freedom and the implementation of the QCD dynamics.

Born-Oppenheimer type assumptions

On the basis of the QCD energy scale Aqcp we can classify distinctively
the heavy and light degrees of freedom.

Static approximation: the dynamics of the light fields can be solved by
neglecting the motion of the heavy degrees of freedom.



Heavy degrees of freedom

There is nowadays compelling evidence of heavy quark- heavy antiquark, QQ
and open flavor meson-meson, M M , degrees of freedom.

Light field degrees of freedom : Gluons and sea quarks

Static Approximation

H W)> = F W)> H = Khea/vy =+ Hlight
For any fixed relative position of QQ : (le’ght ('r') —V; ('r')) |(:Z (r)) =

{Gi(7))} <§j(f)‘§s(f')> = 0jj
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The radial dependence of the eigenvalues and eigenvectors of the light fields have been calculated
in Lattice QCD : G. S.Balietal.,, PRD 71, 11453 (2005)  G. Bulava et al., PLB 793, 493 (2019)
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STRING BREAKING POTENTIAL

From the eigenvalues and the diagonal matrix elements the radial dependence of the string
breaking potential can be parametrized.

A _(VC(T)—TMM)Q
<CQ§‘ Hlight ’CMM> — Viiz (7“) = —56 272 i

/\ is taken as an effective parameter (the same for all thresholds).
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The value of p = = gives the size of the

mixing region (the same for all thresholds).

G (7)) = 080 (1) |G ) + 5B (1) |Carr)

G () = = sinf (r) |Gz ) + 080 (1) [Cya)

The mixing 1s only significant around the crossing radius

For 7 far from the crossing radius :

(o)) = [Com)
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THE DIABATIC APPROACH IN QCD

Diabatic Expansion

From the physical point of view it is convenient to expand the heavy-quark meson
state in terms of Q@ and M M states (simplified notation)
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Schrodinger Equation
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Integrating out
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JPC MESON

For the case of only one partial wave contributing for QQ and M M
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Solutions: Bound states and Scattering states



CHARMONIUMLIKE MESONS
(Spectral region: no threshold widths, no hybrid candidates)

Ve(r) = or — ;L +2mop — f o = 925.6 MeV /fm,
Y = 102.6 MeV fm.,

3 = 855 MeV.
E. Eichten and F. Feinberg, PRD 23, 2724 (1981)) me = 1840 MeV

E. Eichten and C. Quigg, PRD 49, 5845 (1994)
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Channel Threshold (MeV)

D°p’ 3729.6
IT'ym7 : Experimental values D+_D*; 3739.4
DD 3871.7
D*D*~ 3880.0
D,D, 3936.6
D* D™ 4013.8
D**D*~ 4020.6
A ("C""—TMA—[)Q A=op
‘/;Ili.l‘ (T) = ——e 2A%
2 p=03fm

Can Xc1(3872) be generated from string breaking ? A, ~ 102.2 MeV



Diabatic Bound States
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Diabatic Scattering States

From the asymptotic behavior of the wave functions the Af M scattering
amplitude and the corresponding cross sections can be calculated.

Completely nonperturbative scheme
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Quasiconventional states may be overshadowed by the presence of close
unconventional states.
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Heavy-quark meson spectral pattern

There are quasi-conventional resonances with masses close to those of Cornell
bound states, as well as unconventional resonances with masses close to the
energies of some meson-meson thresholds.



Decay Widths

JPC Mass I_;rr*,?gﬁé State I_ED}E
0tF 30258 2.3 yo(3915)?
17T 3052.4 80.5 77

1=/— 3766.8 21.8 (3770) 27.2+1.0

Masses and widths in MeV units



SUMMARY

The Diabatic Approach in QCD allows for a unified and consistent description of
conventional and unconventional heavy-quark mesons from Lattice QCD indications.

String breaking gives rise to a mixing of (Q() with open-flavor meson-meson
configurations. This may be expressed through a mixing potential.

The heavy-quark meson spectrum is formed by a quasiconventional one, plus an
unconventional one located close to some open-flavor meson-meson thresholds.

A detailed description of charmoniumlike mesons up to 1 GeV excitation energy is
feasible.



THE END




