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Introduction

Charmonium: Hydrogen atom of QCD Cornell potential:
Both experimentally and theoreticall
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The Charmonium Spectrum
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- Charmonia above DD are sensitive to confinement potential,
loop contributions, opening of additional thresholds, ...

Basis of our understanding of resonances in the “unbound” region
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The Charmonium Spectrum: D-wave states
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. 40 NO open charm decays = PRD 72, 054026 (2005)
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- Charmonia above DD are sensitive to confinement potential,
loop contributions, opening of additional thresholds, ...

Basis of our understanding of resonances in the “unbound” region
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Higher-spin D-wave States: P2(13D5)

W2(13D2) expected to be narrow, no allowed open-charm decays,

expected large decay to ¥¥Xc1
P J y 1o ¥X LHCb: arXiv:2005.13422

Belle: PRL 111, 032001 (2013) G 10T
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M =3823.1 +1.9 MeV, I' <24 MeV M = 3824.08 + 0.55 MeV, I <6.6 MeV

Spin-parity should be measured, note yxc2 decay 4-5x smaller
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Higher-spin D-wave States: P3(13D3)

P3(13D3) expected to be narrow, little phase space to DD
expected width ~ 1 MeV, B(Ps = yXc2) ~ 30-50%

LHCb: JHEP 07, 035 (2019) M = 3842.71 + 0.20 MeV
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Needs to be confirmed, spin-parity_measured
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The Charmonium Spectrum: Higher-Spin States
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- F- and G-wave states push our understanding of the cc potential

- Most are wide, Xc4(13F4) is predicted to be narrow, possible to see
In radiative cascade decay
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High-Spin Exotic States

Ali et al. EPJC78(2018)29
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The Charmonium Spectrum: J/y¢ Final States

- Heavier states may couple more strongly to J/Wd (DsDs state?)
LHCb amplitude analysis finds contributions from 4 (!) states

CMS: PLB, 734 261 (2014) B+ & K+ J/[Ij (I) LHCb: PLB, PRL 118 022003 (2017)
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Study expected S/B at PANDA, think about optimizing scans
over wide energy range
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Why is searching for states in pp important?
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Many charmonium-like states have been seen in decay,
with constrained kinematics
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Why is searching for states in pp important?
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- Rescattering and other kinematic effects (“triangle singularities)
have been suggested as source of Z:’s among others
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PANDA has clear advantages in searching for high mass
charmonium(-like) states

Formation in pp annihilation
Excellent PID
EM final states
Plan to perform sensitivity studies and build analysis tools
High spin states and spin-parity determinations
Large energy range scans and J/yo¢
Hybrid searches
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