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Model and Strategy

D

é

p2

4π2D
é6 p2e−s/é

2

+
4π2ÕmF (p2)

1/2ln
[
τ+(1+p2/Ë2

QCD)2
]

application to systems where
corrections to RL are least
important→ bottomonium

leave functional and UV form
unchanged

allow for more freedom in the
effective interaction→ quark
mass dependence, vary é and
D independently

include lowest radial
excitations

J = 0,1,2, . . .

→ 1st comprehensive RL meson phenomenology
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Bottomonium [T. Hilger, C. Popovici, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 034013, 2015.]
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of states

well reproduced
splittings
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mb = 3.635 GeV at Þ= 19 GeV, é= 0.7 GeV, D = 1.3 GeV2
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Charmonium [T. Hilger, C. Popovici, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 034013, 2015.]
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Light Isovector Quarkonium [T. Hilger, M. Gómez-Rocha, A. Krassnigg, arXiv:1508.07183]
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Orbital-Angular Momentum Decomposition:
[T. Hilger, M. Gómez-Rocha, A. Krassnigg, arXiv:1508.07183.] J = 0,1-Groundstates
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Orbital-Angular Momentum Decomposition:
[T. Hilger, M. Gómez-Rocha, A. Krassnigg, arXiv:1508.07183.] Vector Mesons
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Quark Model and Exotic Mesons

Quark Model state with total spin J

s
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parity P = (−1)l+1

charge-conjugation parity C = (−1)l+s

JPC ∈ {0−+,0++,1−−,1++,1+−,2++,2−+,2−−, . . .}

deter-mines

JPC ∈ {0−−,0+−,1−+,2+−, . . .}
are eXotic mesons
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Exotic Mesons and Covariant Boundstate Amplitudes
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Exotics: Light Isovector Quarkonium

[T. Hilger, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 114004, 2015.]
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Exotics: Bottomonium

[T. Hilger, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 114004, 2015.]
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Exotics: Charmonium

[T. Hilger, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 114004, 2015.]
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Exotics: Strangeonium

[T. Hilger, M. Gómez-Rocha, A. Krassnigg, arXiv:1508.07183]
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Open-Flavor Mesons in a Covariant Boundstate Approach

[T. Hilger, A. Krassnigg, arXiv:1605.03464]

quarkonia (q̄q , . . . ,Q̄Q ) and open-flavor mesons have the
same covariant decomposition

no distinction of open-flavor mesons and quarkonia via
orbital-angular momentum decomposition

if the meson spectrum is regular under variation of the
constituents quark mass, all open-flavor mesons should
have equal-flavor correspondences by continuity of the
spectrum
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[T. Hilger, A. Krassnigg, arXiv:1605.03464]
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Open-Flavor Perspective on Exotic Mesons

no well-defined C for
open-flavor mesons

→ no JP (C) restrictions

open-flavor mesons of a
covariant boundstate
approach which “end up”
on an exotic state by
varying a quark mass
should not exist in the
quark model

m̄

m

quasi-eXotic

eXotic
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Quasi-Exotic Open-Flavor Mesons

[T. Hilger, A. Krassnigg, arXiv:1605.03464]
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mq̄ : (ū→ s̄)s [GeV]

0+

0. 7

0. 8

0. 9

1. 0

1. 1

1. 2

1. 3

1. 4

1. 5

M
1
−

[G
eV

]

1−(− )

1−(− )

1−( + )

0. 02 0. 05 0. 08
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quasi-exotic mesons are the open-flavor analogon of
exotic quark-bilinear mesons and do not exist in the quark
model

existence of one quasi-exotic state signals the existence
of two related exotic quark-bilinear meson states
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Orbital-Angular Momentum Decomposition:
Quasi-Exotic Open-Flavor Mesons
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Orbital-Angular Momentum Decomposition:
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Leptonic Decays of Quasi-Exotic Open-Flavor Mesons

[T. Hilger, A. Krassnigg, arXiv:1605.03464]

f for pseudoscalar groundstate is sizable due to DCSB

first conventional radial excitation has f ≈ 1 MeV (two
orders of magnitude smaller than groundstate) due to
explicit chiral symmetry breaking, while first n̄n exotic
pseudscalar has f = 0

quasi-exotic and conventional pseudoscalar (kaon)
excitation indistinguishable w. r. t.: f ≈ 20 MeV

leptonic decay constant of pseudoscalar quasi-exotic and
conventional ūd excitation differ by one order of
magnitude

quasi-exotic and conventional charged-pion excitations
distinguishable by leptonic decay constant
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Orbital-Angular Momentum Decomposition
and Leptonic Decays

[T. Hilger, A. Krassnigg, arXiv:1605.03464]
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Outlook: Heavy Quarkonia Leptonic Decay Constants

[A. Krassnigg, M. Gómez-Rocha, T. Hilger, arXiv:1603.07232, to be published in Few Body Syst.]

State JPC Calc. Exp.
Ùc 0−+ 401 339(14)
Ùc(2S) 0−+ 244(12) 189(50)
Ùc(3S) 0−+ 145(145) −
J /Ñ 1−− 450 416(5)
Ñ (2S) 1−− 30(3) 294(4)
Ñ (3770) 1−− 118(91) 99(3)
Ùb 0−+ 773 −
Ùb (2S) 0−+ 419(8) −
Ùb (3S) 0−+ 534(57) −
Ï 1−− 707 715(5)
Ï (2S) 1−− 393 497(4)
Ï (13D1) 1−− 371(2) −
Ï (3S) 1−− 9(5) 430(4)
Ï (23D1) 1−− 165(50) −
Ï (4S) 1−− 20(15) 341(18)

È (Ï (13D1)→ e+e−) ≈ 15eV, È (Ï (23D1)→ e+e−) ≈ 75eV
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Summary

quark mass dependence of effective interaction

optimized rainbow-ladder DS-BS study describes ground
states and lowest radial excitations

extra states in vector- and axial-vector channel for
bottomonium

orbital-angular momentum decomposition

eXotic charmonium, bottomonium (and light isovector)
spectrum

quasi-eXotic open-flavor mesons: leptonic decays,
orbital-angular momentum decomposition

stay tuned: . . . decays constants . . . open-flavor mesons . . .

[T. Hilger, A. Krassnigg, arXiv:1605.03464]
[A. Krassnigg, M. Gómez-Rocha, T. Hilger, arXiv:1603.07232, to be published in Few Body Syst.]

[T. Hilger, M. Gómez-Rocha, A. Krassnigg, arXiv:1508.07183.]
[T. Hilger, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 114004, 2015.]

[T. Hilger, C. Popovici, M. Gómez-Rocha, A. Krassnigg, Phys. Rev. D 91: 034013, 2015.]
[C. Popovici, T. Hilger, M. Gómez-Rocha, A. Krassnigg, Few Body Syst.56: 481, 2015.]
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Thank You!


