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hybrid mesons 2

one hypothesis to go beyond the qq picture of mesons — add an excitation of the gluonic field
_

— can give rise to JPC not allowed for qq
_

e.g.

qqG
_

long history of study within QCD-motivated models — constituent gluon 
— bag model 
— flux-tube model 

more recently studied in (incomplete) lattice QCD calculations …

all have exotic JPC mesons,  
              but spectra differ
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(incomplete) lattice QCD spectrum of mesons 3
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(0, 1, 2)�+, 1��lightest  
hybrid meson 
supermultiplet ?
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(incomplete) lattice QCD spectrum of mesons 4
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clear signal for a lightest exotic hybrid meson
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experimental situation 5

a recent JPAC analysis of COMPASS data on πp→πη p , πp→πη′ p

2++

1−+

a2

a2

a2′

pole singularity of a π1 resonance

mR=1564(89) MeV, ΓR=492(115) MeV

ΓR

mR

a rather broad resonance
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a resonance in QCD ? 6

how would an unstable resonance appear in lattice QCD ?

the lattice has a finite-volume ⇒ spectrum is discrete 

but the mapping discrete-spectrum ⟷ scattering matrix is known
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coupled-channel resonances 7
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resonances decaying to hadrons with spin — b1→ωπ 8
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but a π1 resonance potentially  
has a very large set of decay modes …

several successful calculations 
with mπ~391 MeV

ω is stable at mπ~391 MeV
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mu=md=ms SU(3)F point 9
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mu=md=ms SU(3)F point 10
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several stable mesons:

η8 ⤳ π,K,η

η1 ⤳ η′

ω8,ω1 ⤳ ρ,K*,(ω,φ)

h18,h11 ⤳ b1,K1,(h1,h1)′
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resonance  
expected 
near 0.46
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lattice QCD spectrum computed in 6 volumes (rest frame) 11
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53 energy levels to constrain 
‘eight’ channel scattering
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LQCD spectrum computed in 6 volumes 12
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an ‘eight’ channel scattering amplitude 13
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describe scattering by a unitarity-preserving K-matrix featuring a pole 
(11 free parameters)

a good description of the spectrum …
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an ‘eight’ channel scattering amplitude 14
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‘eight’ channel scattering amplitudes - varying parameterization 15
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octet 1−+ resonance pole & couplings 16
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at the SU(3)F point:  
mR=2144(12) MeV, ΓR=21(21) MeV

resonance below h18η8 threshold, but with a large coupling

(a narrow resonance)

[ f18η8 fixed to zero ]

[ f18η8 floating ]
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crude extrapolation to physical point 17

core assumption: couplings scale only with the relevant barrier factor kℓ

use PDG masses & COMPASS/JPAC π1 mass

generates for a π1 at 1564 MeV:

ΓTOT ~ 140-600 MeV 

Γ(πη) ≲ 1 MeV 

Γ(πη′) ≲ 20 MeV 

Γ(πρ) ≲ 12 MeV 

Γ(πb1) ~ 140-530 MeV

JPAC/COMPASS candidate:

ΓTOT ~ 492(115) MeV

Kopf et al analysis:

ΓTOT ~ 388(10) MeV

Γ(πη′) / Γ(πη) ~ 6.5(1)

if correct, suggests prior observations in πη, πη′, πρ  
are in heavily suppressed decay channels  

πb1 →ππω→πππππ

?
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summary 18

first ever calculation of an exotic hybrid meson as a resonance in QCD

simplified scattering system using exact SU(3)F and mπ~700 MeV

flavor octet 1−+ state appears as a narrow resonance

crude extrapolation to physical kinematics  
suggests a potentially broad resonance

what about other exotic JPC ?

can we build a phenomenology of hybrid decays starting from QCD ?

challenge of reducing quark mass really the challenge of including three-meson decays

much progress in this direction 
as you saw in Max Hansen’s talk


