B meson potentials in
‘quenched lattice QCD
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® Hadron potentials: NN,YN and BB

® [attice QCD

® BB potentials from Iattice QCD
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Hadron potentials

® Not uniquely defined: r?, unitary equivalence

® Encode of information about scattering amplitude

® Successful phenomenology
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12C 11.2 result is preliminary.

[Carlson, Pieper, Wiringa,...]



YN scattering

® A(Z)N interactions important in EOS in NS

® Poorly known experimentally
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Static heavy quarks

® Static limit for heavy quark: mp — oo

® B meson (bd) mass is infinite
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Static BB potentials!?

® Static hadrons: defined, observable potential

e | DOF quantum numbers O NN

® EFT: potential has same form for |r] > A 1
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Static BB potentials!?

® Static hadrons: defined, observable potential

e | DOF quantum numbers O NN
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Lattice QCD

® Numerical solution of QCD field equations

® QCD partition function




Lattice QCD

® Numerical method to solve QCD non-
perturbatively [kwilson 1974

® Computers are finite but space-time is

infinite




Space-time




Lattice QCD

® Quarks live on lattice sites, gluons on the links
between them

® Functional integral is finite dimensional but still too

many integrals (>107 !) to do exactly
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Huge computers

® (Calculations use worlds largest computers

® Measured in millions of CPU hours

® Specifically designed processors for LQCD




EX: energy spectrum

® Measure correlator (x = source with g# of hadron)




Extrapolations

® To get real world physics from the lattice
calculations we need to take:

® [attice spacing to zero







Lattice parameters

e (O(300) quenched DBW?2 lattices: 163x32,a=0.1 fm

® Wilson light quark propagators at a single mass

® |ight hadron spectrum [MeV]:
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L attice correlators

® Single particle correlation functions: C(t)
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® Energy: plateau in effective mass ratio
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Single particle energies




Exotic hadrons

® Byproduct of r=(0,0,0) potential

® Binding energy of exotic hadron states:




Exotic particle energies




LDOF energies: A

® |attice energies are unphysical ~ a/

Ejatt = 0m+ A

® om:interaction of static quark with gluons

® A:energy of light degrees of freedom



Lattice PI:improved glue
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LDOF energies: A

® |attice energies are unphysical ~ a/

® om:interaction of static quark with gluons




Scale setting

® Scale of one loop contribution not well-
defined




Binding energies

® Extracted physical binding energies [MeV]
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BB potentials

® |attice energies for BB(/,s)):

® Perturbative QCD contribution




Central & tensor potentials

® Separate central and tensor S=| potentials




BB correlators

® Fach spin-isospin channel
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® (Calculate for separations
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BB correlators

® Fach spin-isospin channel

*

® (Calculate for separations
Rl Ul s (U e U]
e el bl i i U )

512 propagators/lattice!



Effective mass plots




Effective mass plots




mass plots
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Coulomb potential
® OGE Coulomb potential: modified by a
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® Subtract lattice, add continuum

/ 6iq-lc'

/ "qu(f)(qm,qy,qz,O)dSq
BZ a

® BLM improve, FV effects
e Shift by 150 MeV at |r|=1 (o0 at r=0)




Coulomb potential
® OGE Coulomb potential: modified by a

® Subtract lattice, add continuum




“Continuum’ potentials

NB: residual O(a, a*(a)/a) effects



Michael & Pennanen ‘99

0.18 fm
| 63x24
20 cfgs

a:

A9H AJasuy Suipulg

A9D AJuasuy Furpulg

A9D AFasuy Juipulg

[Richards..."90, Mihaly... ‘97, Stewart... ‘98, Fiebig... ‘02, Takahashi/Doi... ‘06]



Michael & Pennanen ‘99

BB potential

DF: B=5.2, K=0.1395 Q: B=5.7, K=0.14077

O——© dynamical, 54 confs.
[+ quenched, 20 confs.

Unquenched

a=0.14 fm
| 63x24
54 cfgs



t-channel potentials

® Potentials with t-channel quantum numbers




t-channel potentials

® Potentials with t-channel quantum numbers




t-channel potentials
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t-channel potentials
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t-channel potentials

Coulomb corrected



Periodic lattice




Periodic lattice




Periodic lattice




Periodic lattice




Finite volume effects

® Periodicity of lattice modifies potentials:




Periodic potential




Periodic potential




Periodic potential




Periodic potential




Infinite volume: V4,
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Infinite volume: V-,
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Infinite volume

® BBr/BBp couplings extracted

® gpp+n consistent with direct calculations
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Summary

® BB potentials from lattice QCD
® t-channel potentials measured cleanly

® | eading lattice spacing artefacts removed

o Inf nite volume extraction attempted . A
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