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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:
• Hadron spectroscopy and Distillation 
• New ensembles for glueball measurements
• Charmonium spectrum and glueballs
• Hyperfine splitting of charmonium

https://confluence.desy.de/display/for5269
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Hadron Spectroscopy and Distillation

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

Hadron Spectroscopy on the lattice

• ensemble generation using openQCD

• average over configurations, error ~ 1/√𝑁&'()*+
• observables: correlation functions in terms of ‘quark propagators’

Distillation: quark field smearing 𝜓 → 𝑉𝑉/𝜓 using 𝑁0 eigenmodes of the 
• 3D covariant lattice Laplace operator ∇2𝑣* = 𝜆*𝑣*, 𝑖 = 1…𝑁0 = 𝑂 102

• 4 × 𝑁0 × 𝑁= inversions => ‘quark perambulators’ 𝜏*?
@A = 𝑣*/ 𝑡C 𝐷@AEF𝑣?(𝑡F)

• meson operators via ‘elementals’ Φ 𝑡 = 𝜌 𝑉 𝑡 Γ 𝑉 𝑡 , Γ = 1, 𝛾M, 𝛾*, ∇*, …

• solve generalized eigenvalue problem (GEVP) to access excited states
• optimal profiles from GEVP vectors, Gaussian profiles 𝜌N 𝜆 = 𝑒 − 𝜆2/2𝜎N

2

Glueballs: Laplacian eigenvalue correlator CTU t = ∑* 𝜌N 𝜆*(𝑡C) ∑* 𝜌X 𝜆*(𝑡C + 𝑡)

• alternatively, 35 Wilson loop shapes and APE smearing 
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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 - 4000 configurations each (16000 MDUs)
• A1 - heavy : 323 x 96 - eigenmodes on every 2nd/4th configuration
• A2 - heavy : 483 x 128 => 2000/1000 charm + light perambulators

=> glueball can only decay into two pions! 

Fine lattice: a = 0.043 fm @ 𝛽 = 3.43
• B - light : 483 x 144

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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New „heavy pion“ ensembles, preliminary (connected only) results

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Light and charm scalar mesons and glueball on A0 heavy ( 72 x 243 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Light and charm scalar mesons and glueball on A1 heavy ( 96 x 323 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Light and charm scalar mesons and glueball on A1 light ( 96 x 323 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Light and charm pseudo-scalar mesons on A1 heavy ( 96 x 323 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Light and charm pseudo-scalar mesons on A1 light ( 96 x 323 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Optimal distillation profiles for pseudo-scalar mesons on A1 heavy

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

light/charm mixing:

no mixing:
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Optimal distillation profiles for pseudo-scalar mesons on A1 light

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

light/charm mixing:

no mixing:
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Light and charm vector mesons on A0 heavy ( 72 x 243 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Light and charm vector mesons on A1 light  ( 96 x 323 )

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Optimal distillation profiles for vector mesons on A1 heavy

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

light/charm mixing:

no mixing:
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Optimal distillation profiles for vector mesons on A1 light

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

light/charm mixing:

no mixing:
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Overview of meson masses on light and heavy ensembles

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Hyperfine splitting of charmonium on light and heavy ensembles

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

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

• 4000 configurations each (16000 MDUs)

• eigenmodes on every 2nd/4th configuration

• 2000/1000 charm and light perambulators

• glueball can only decay into two pions

• mixing of charmonium with light hadrons and glueballs

Outlook

• study glueballs / scattering via Lüscher analysis

• including two pion states in the correlation matrix

• working on multilevel glueball operators in full QCD

The spectrum of charmonium and glueballs: adding the light hadrons
Roman Höllwieser, FOR5269
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Thank you for your attention!

superMUC

Questions?


