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Main Goals:
• Disconnected contributions in charmonium
• String breaking in hybrid potentials
• Glueballs in full dynamical QCD
• Multilevel algorithms for glueballs
• Novel schemes for molecular dynamics
• Connection of distillation and multi-grid
• Multilevel Monte Carlo for trace estimation

Outline:
• Lattice Quantum Chromo Dynamics (LQCD)
• Hadron spectroscopy and Distillation 
• New ensembles for glueball measurements
• Very preliminary results and outlook

https://confluence.desy.de/display/for5269
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Dimensional Hierarchy
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Strong force: responsible for interactions between quarks and gluons
• confines quarks into hadrons (pion, proton, neutron, etc)
• binds protons and neutrons to form nuclei of the atoms

Quantum Chromodynamics (QCD):
• fundamental theory that describes the strong interactions
• parameters: quark masses and coupling constant
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The Standard Model, Elementary Particles
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Lattice Field Theory – Lattice QCD
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Numerical simulations of QCD using Monte Carlo methods

• well-established framework for non-perturbative QCD

• ab-initio calculations, action only input

• discretization of space-time, 

• introduce lattice spacing 𝑎

• gluons, link variables, par. trans.

• quarks, covariant derivatives

• Dirac operator, quark propagator

• discretized forms must reduce 

to continuum forms in the limit

𝑎 → 0 (𝐿 → ∞)
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Hadron Spectroscopy and Distillation
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Monte Carlo methods: statistical treatment of the theory

• create gluon configurations using QCD action

• average over configurations, error ~ 1/√𝑁-./012
• we need 1000s of (statistically independent) configurations

• observables: correlation functions in terms of ‘quark propagators’

• building block of hadronic measurements on the lattice 

• inversion of the Dirac operator, most intensive part of calculations

• very large (~103×103), but sparse matrix (most elements zero)

• highly optimized algorithms with good scaling behavior

Distillation: quark field smearing with 𝑁5~𝑂 107 Laplacian eigenmodes

• we need 4 × 𝑁5 × 𝑁9 inversions to get ‘quark perambulators’ 
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Nf = 3 + 1 Lattice Ensembles

3 degenerate light quarks (up, down, strange)
1 physical charm quark =>  𝜂- ~ 3 GeV

light : m 𝜋 ~ 420 MeV, heavy: m 𝜋 ~ 1 GeV,  glueball ~ 2 GeV!

Coarse lattices: a = 0.054 fm @ 𝛽 = 3.24
• A0 - light : 163 x 72
• A1 - light : 323 x 96 light quark mass at physical average
• A2 - light : 483 x 128 => many decay channels for glueballs!

• A0 - heavy : 243 x 72 - 2000 configurations each (8000 MDUs)
• A1 - heavy : 323 x 96 - eigenmodes on every 4th configuration
• A2 - heavy : 483 x 128 => 500 charm and light perambulators

=> glueball can only decay into two pions! 

Fine lattice: a = 0.043 fm @ 𝛽 = 3.43
• B - light : 483 x 144
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New glueball ensembles, preliminary results

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269

preliminary, only gluonic
observables, no decays!!!
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New glueball ensembles, measurements, costs…
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Light/Charm Correlators without disconnected contributions
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Solve generalized eigenvalue problem (GEVP) to access excited states
on A1 - heavy (323 x 96) for, e.g., the pion (=𝑞𝑞, left) and 𝜂- ( ̅𝑐𝑐, right)

Hosaka et.al., 2016
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P R E L I M
 I N A R Y

Status of isoscalar 0++ with disconnected contributions
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Glueballs from Laplacian eigenvalue correlators, work in progress… 
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Development and tests of multi-grid and GPU codes

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269

Test runs on SuperMUC and Jureca (GPU) using (light) ensemble B (483 x 144)

E X P E R I M
 E N T A L
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Conclusions

New 𝑵𝒇 = 𝟑 + 𝟏 lattice ensembles

• a=0.054fm, 243 x 72, 323 x 96 and 483 x 128

• m 𝜋 ~ 1 GeV, physical charm m𝜂𝑐 ~ 3 GeV

• 2000 configurations each (8000 MDUs)

• eigenmodes on every 4th configuration

• 500 charm and light perambulators

• glueball can only decay into two pions

Outlook

• mixing of charmonium with light hadrons and glueballs

• study glueballs via Lüscher analysis

• working on multilevel glueball operators in full QCD

• working on multi-grid and GPU codes
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Many Thanks from Wuppertal 
to NHR@FAU Erlangen!!!

Thank you for your attention!




