Coherent study of QCD exotics
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Hadron spectroscopy
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Bohr model > QED Quark model = strong QCD 2




Non-Perturbative QCD

--how did the complex building blocks of our world come into being

1980s now

Quark model seems to work really well. But, how does QCD give

rise to hadrons?

* What is the origin of confinement?

* How is the mass generated in QCD? How are confinement and chiral symmetry
breaking connected?

 What role do gluonic excitations play in the spectroscopy of light mesons, and can
they help explain quark confinement?
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QCD permits additional color-singlet
configurations

Two general approaches:
* Manifested exotics (ta§>), e.g.
* quantum numbers incompatible
with QM states
* flavor: Charged-charmonium
* With internal exotic structure, no
model free signature
 Outnumbering of conventional QM
states
 Abnormal masses & decay
properties...

“Discovery experiment” with high
precision

-- Need a well understood conventional
hadron picture 4



Coherent study

Multi probes:
* Production mechanism
* Decay modes

Observables:
* Mass/width/partial width
* Partners
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Charmonium decays provide an ideal [ab
for light QCD exotics
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* “Gluon-rich” process

F(J/y = 4G) ~ O(aal), M (J/tp = vH) ~ O(aay), Gluonic Excitations are expected

F(J/ — M) ~ O(aa®). T(J/0 — ~F) ~ O(aa®) to be largely produced, which
provide a measurement of the
excited QCD potential
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From PANDA’s phase one paper

PANDA will study antiproton-proton interactions in the centre of mass energy range between 2.0 and 5.5 GeV and
will be unique in the world in terms of beam momentum resolution and luminosity(103*cm™?s~1! in phasel,
[L=05fb1)

Fundamental Question PANDA Physics Pillars

Nucleon Structure
Qcbin / FSI
Confinement Domain \

o e Strangeness Physics Hyperon production and hyperon spectroscopy

interactions

Lineshape of X(3872), Ds,(2370)
Light glueballs, ¢(2170), m4

Charm and Exotics

Fundamental symmetries Hadrons in Nuclei
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all guantum numbers possible e ETEEgETE
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e P, (~X.D* 3:D)> P, (i.e. N* ~ ZK* T*K)

* Hyperon excitations
 Near threshold structures
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In addition, rare processes & new physics
e Searching for NP in hyperon decays
* Weak radiative hyperon decays
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e Hybrid multiplets of Y(4xxx)
Exotic mesons or baryons Tetraquark states Pentaquark states
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* Hybrid multiplets
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Tensor glueball candidate

L(J/¢¥ = vGa+) = 1.01(22)keV

r(J/df —p ‘76‘2. )/F,,,, = 1.1 X 10_2
CLQCD, Phys. Rev. Lett. 111, 091601 (2013)

Experimental results

Br(J/ v — ¥,(2340) > ynn) = (3870577 )x10°*
Phys.Rev. D87, 092009 (2013)

Br(J/y — 1,(2340) — ypd) = (1.91£0.14773)x 10"
Phys.Rev. D93, 112011 (2016)

382

Br(J/y — ¥f,(2340) » yKKg ) = (5.54" 05

040149
Phys.Rev. D98, 072003 (2018)
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f,(2010), f,(2300) and f,(2340)
stated in 7t p reactions are observed
with a strong production of f,(2340)
Consist with central exclusion
production in WA102

It is desirable to search for more decay modes
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