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FOR5269: Future methods for studying confined gluons in QCD
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Main Goals:
* Disconnected contributions in charmonium \

* String breaking in hybrid potentials

* Glueballs in full dynamical QCD Funded by
* Multilevel algorithms for glueballs FG
g g : Forschungsgemeinschaft
* Novel schemes for molecular dynamics VWLV 9
* Connection of distillation and multi-grid SVERSIZ
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Dimensional Hierarchy FOR 52
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The Standard Model, Elementary Particles FOR 5269
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Lattice Field Theory — Lattice QCD

ab-initio calculations, action only input
discretization of space-time,
introduce lattice spacing a a

gluons, link variables
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Numerical simulations of QCD using Monte Carlo methods I{G(ﬁ\

well-established framework for non-perturbative QCD




Hadron Spectroscopy and Distillation FOR 5269

Monte Carlo methods: statistical treatment of the theory I[;G;fﬁ\
create gluon configurations using QCD action \

average over configurations, error

we need 1000s of (statistically independent) configurations
observables: correlation functions in terms of ‘quark propagators’
building block of hadronic measurements on the lattice

solution of the Dirac equation D-x,=v,
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N; =3 + 1 Lattice Ensembles FOR 52

IECCEN
3 degenerate light quarks (up, down, strange)

Sum of light quark masses same as in nature, pion mass m, ~ 420 MeV

1 physical charm quark, m,~ 3 GeV

Fine lattice: a=0.043fm @ B =3.43
. B - I|ht 144 x 483
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Charm Correlators (ensemble B-light)

Extract charmonium masses from plateaus of effective masses

Improved distillation yields early mass plateaus
| F. Knechtli et al., Phys. Rev. D 106 (2022), no. 3. 034501 |
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Charmonium spectrum (ensemble B-light)
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FOR 5269
Simulation of a model with two degenerate “charm quarks” at half of [[; ::
\VV

their physical mass, ensemble Nm1: a = 0.049 fm, 96 x 483 7\
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Model study of charm-quark disconnected contributions

annihilation of charm-anti-charm quarks.
Charm annihilation is so far omitted in lattice QCD calculations.

With 2 charm quarks:
ISo-vector vs. iso-scalar
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Okubo-Zweig-lizuka (OZI) rule: suppression of quark-line diagrams with IFG;
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Static quark anti-quark potential L 5269

Born-Oppenheimer approximation: charmonium levels can be computed f
from the Schrodinger equation with the static quark anti-quark potential \ \

We extract the potential from correlators of Laplacian trial states
|R. Hollwieser et al., Phys. Rev. D 107 (2023) 3, 034511 |
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81 « Inversion, BS=[4,6,6,6] e 101 7 = :
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Conclusions

Improved charmonium spectrum

Outlook

FOR 5269

a=0.043 fm, 144 x 483

F ay.
pion mass m, ~ 420 MeV, physical charm I\ 06‘67\
250 configurations

charm-quark perambulators of size 325 (eigenmode) x 85 (time) x 4 (spin) B

improved distillation

g

light-quark perambulators (inversions are more expensive)

smaller lattice a=0.054 fm, 96 x 323, larger statistics
study mixing of charmonium with light hadrons and glueballs e
D-mesons, static-light (hybrid) mesons, hybrid static potentials

working on multi-grid and GPU codes
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