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Infroduction
The quark model (QM) reproduces a great quantity of observables:

magnetic moments, hadron spectra (especially lower part), strong
couplings ...

QM neglects pair-creation effects, 1.e. coupling to meson-meson
channels — effect of sea pairs 1s neglected

Pair-creation effects introduced into the QM through the unquenched
quark model (UQM) formalism

Calculation of bottomonium spectrum with self-energy corrections in
the UQM

Calculation of open-flavor and electromagnetic decays

Quark nature of the ) (3P) system



Quark Models (QMs)

Effective degree of freedom of constituent quark 1s introduced

Dynamics described through non-relativistic Schrodinger equation

Several versions: [Phys. Rev. D 32, 189 (1985)] (mesons); [Phys. Rev.
D 34, 2809 (1986)] (baryons). Isgur and Karl's [Phys. Rev. D 18, 4187 (1978)] (baryons).

Hypercentral [Eur. Phys. J. A 12, 447 (2001)] (baryons). U(7) [Ann. Phys. 236, 69 (1994)]
(baryons)

Each version has its own characteristics. All models have in common:

1) Effective degrees of freedom of three constituent (valence) quarks (baryons) or a quark and
an anti-quark (mesons) 2) Confining potential



Relativized QM (Mesons)

Godfrey and Isgur, Phys. Rev. D 32, 189 (1985)

Describes q anti-q mesons

Light unflavored, strange, charmed, bottomed, ¢ bar-c and b bar-b
mesons treated in unified way

“Semi-relativistic” model: relativistic kinetic energy + introduction of
relativistic effects treated in effective way

One-gluon exchange potential




Relativized QM — Bottomonium
Godfrey and Isgur, Phys. Rev. D 32, 189 (1985)

Good reproduction of general
trend

Threshold effects neglected
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Relativized QM — Charmonium
Godfrey and Isgur, Phys. Rev. D 32, 189 (1985)

X(3872) as 2°P, q bar-q meson?
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Nature of the X(3872)

Ferretti, Galata' and Santopinto, Phys. Rev. C 88, 015207 (2013); D 90, 054010 (2014)

Results used to study the problem of the X(3872) mass, meson with
J*=17,2°P quantum numbers

Experimental mass: 3871.68 £ 0.17 MeV [PDG]
Larger QM predictions for X(3872)'s mass (relativized QM — 3.95 GeV)
X(3872) close to D bar-D* decay threshold. Continuum effects?

Several interpretations:

Necessary to study the decays (strong, e.m.,
D bar-D* molecule hadronic, ...) of the meson to confirm one of the
tetraquark possible interpretations

¢ bar-c + continuum effects



UQM: why?

QM reproduces quite well many hadronic observables:

baryon and meson spectra (lower part)

strong couplings

Some observables require corrections due to the coupling to the
continuum

electromagnetic couplings

Some observables only give rise when the coupling to the continuum
(loop effects) is taken into account

strangeness content of the nucleon



UQM: Formalism

Hadron wave function:

valence component |[A>

— N[+ Y / di | BCGLJ)

BCiJ " +

B, B E, ] icdiate states | BC>

Pair-creation operator (coupling to |[BC> intermediate states):

. . — P model
o | dpydps 6(py + ps) Cys Fise™ 544P:
: (reproduces well strong decays)
a5 X V1(Ps — prh hﬂpﬂrﬂry )
. byker and Santopinto, Phys. 07(2009); 82, 062202 (2010); Bijker,
Ferretti and Santopinto, Phys. Rev. C 85, 035204 (2012); Ferretti et al., Phys. Rev. C 86,
015204 (2012); Ferretti, Galata and Santopinto, Phys. Rev. C 88, 015207 (2013); D 90,
054010 (2014); Ferretti and Santopinto, arXiv: 1306.2874



3P0 Model

Micu, Nucl. Phys. B 10, 521 (1969); Le Yaouanc et al., Phys. Rev. D 8, 2223 (1973)

Hadron decays proceed through q bar-q pair-
creation

The created q bar-q pair has 3P0 quantum numbers
Transition operator:

TT = -3 / dpy dps 0(py + ps) Cas Fus

s — 11(0) ey gty
s X Vi(Pa—5)y E’.J; \P4) “FT \Ps)

Quark & anti-quark creation operators:

Color-singlet wave function: Cy-

Flavor-singlet wave function:

Spin-triplet wave function:

Solid spherical harmonic:




UQM: Meson Self Energies

Hamiltonian:

H_ acts only in the bare meson space

V couples |A> to the continuum [BC>

Couplings between [A> and [BC> calculated in the *P, model

Self-energy:

Bare energy E (H_ eigenvalue) satisties:
M = physical mass of meson A. Fitted to experimental data

2(E ) = self energy of meson A

Intrinsic error of QM/UQM calculations: 30-50 MeV



UQM: bottomonium spectrum with self-energy

corrections
Ferretti et al., Phys. Rev. C 86, 015204 (2012); Ferretti and Santopinto, arXiv: 1306.2874

Parameters of the UQM (°P_ vertices)

Parameter  Value Palr—creatlon Strength yO ﬁtted to:
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UQM: bottomonium spectrum with self-energy

corrections
Ferretti et al., Phys. Rev. C 86, 015204 (2012); Ferretti and Santopinto, arXiv: 1306.2874

Spectrum
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UQM: bottomonium spectrum with self-energy

corrections
Ferretti et al., Phys. Rev. C 86, 015204 (2012); Ferretti and Santopinto, arXiv: 1306.2874

UQM results compared with exp. data:
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Open-bottom decays

Ferretti et al., Phys. Rev. C 86, 015204 (2012); Ferretti and Santopinto, arXiv: 1306.2874

Two-body strong decays. Results:

State ~ Mass [MeV] J"“ BB BB* B*B* B.B, B.
BB*
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X,(3P) system. Barycenter

Ferretti, Galata and Santopinto, Phys. Rev. D 90, 054010 (2014); Ferretti and
Santopinto, arXiv: 1306.2874

Results used to study some properties of the X (3P) system

X,(3P)'s close to first open bottom decay thresholds — possible importance of continuum effects?

“Further analysis 1s underway to determine whether this structure is due to the xb(3P) system or some
exotic bottom-quark state.” [ Abazov et al. [DO Coll.], Phys. Rev. D 86, 031103 (2012)]

Mass barycenter (exp. data): Mass barycenter (UQM):
M =10.530 £ 0.005 (stat.) £ 0.009 (syst.) GeV

Aad et al. [ATLAS Coll.], Phys. Rev. Lett. 108, 152001 (2012)

M =10.551 £0.014 (stat.) £ 0.017 (syst.) GeV

Abazov et al. [DO Coll.], Phys. Rev. D 86, 031103 (2012)

Mass barycenter (relativized QM re-fit):
M =10.51 GeV




X,(3P) system. Radiative transitions

Ferretti, Galata and Santopinto, Phys. Rev. D 90, 054010 (2014)

QM formalism
E:M’: Transition E,(QM) (MeV) [,;(QM) (KeV)
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Thank you for your attention!



Open-flavor decays. °P, pair-creation Model

Micu, Nucl. Phys. B 10, 521 (1969); Le Yaouanc et al., Phys. Rev. D 8, 2223 (1973)

Hadron decays proceed through q bar-q pair-creation

The created q bar-q pair has 3P0 quantum numbers

q bar-q pair produced by spatially constant pair-production strength y

Quarks 1-2-3 are spectators
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