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Quark Models Comparison

(roughly)
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QCD in the Coulomb gauge

(Christ&Lee, Zwanziger, Swanson, Szczepaniak, Cotanch, ...)

e Separation of dynamics (massive gluons) and confining forces
(“scalar” potential)

e Massive quarks through chiral symmetry breaking a |la Bogoliubov-
Valatin (minimizing the one-body energy).

e Perturbative expansion in massive quarks and gluons.



Thepotential (Swanson and Szczepaniak)
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The result: — ¢?V(q) [GeV].
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The result in configuration space: — V(R).



Why non-relativistic approach fails
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where p is the wave function scale, e.g., exp{—r2/(2u)}.

Bounded by either ;. or mg or o/, /.



Quark lines Vacuum Energy:
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The results: — ¢2V (q) [GeV] and — m(q) [MeV].
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BEYOND (what else, what next)

More complicated vacuum content: ggg, ¢°, qq, etc.

Higher order vacuum diagrams. The transverse gluon?

Short range interactions, spin-spin and renormalization (1S states)
Coupling to decay channels: widths and shifts (data comparison?)

Flavor mixing



WIDTHS and SHIFTS

(Comparing to data is not that straightforward)

width ~ W(m)

shift ~ [ W(E)JE
W = <decay state|H|hadron> E-m
shift stat shift
-
/ \ tail
/ ¥ —_—
threshold

coupling between the continuum and the hadron determines the width

*width is proportional to the coupling to the decay state
*shift depends on width, tail, threshold, and mass.



* How do they stay degenerate?
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z—axis+
Helicity basis: spin

Internal rotation
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2 ® 2 spin states, 4 cases (J(F)):

JEULID - (sSinglet) L+ 17
JEUL=UD - (Triplet) = 11 Yim
J([J],[J]) : (TripletQ) ™ le’(m—l)_I_ 1 le(m—l—l)

The last set corresponds the “S-D” mixing through
tensor interaction.



PURE STATES
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MIXED STATES
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Resolving the implicit spin structure:
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LIGHT MESON SPECTRUM
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LIGHT MESON SPECTRUM (isovector)
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LIGHT MESON SPECTRUM (isovector)
(+Anisovich et al (2002) Crystal Barrel data)
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The radii /(r?) of the light mesons.
(Through Gaussian Fit Fourier Transform.)




CC Spectrum
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CONCLUSIONS

e Coulomb gauge: when a potential makes sense

e [ he chiral pion

e Full spectrum, singular approach, minimal parametric fitting

e Meson properties available

e Meson interaction and decay under investigation



