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Preliminary: field-current identity

Charged vector meson (o) Lagrangian
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o field itself is conserved current
— can be regarded as external source of E.M. field — photon leg can be replaced by p state




Vector meson dominance

- External photon can be replaced by vector meson

Example: p—=my ™ Tt

p . = P .

Effective Lagrangian in VMD hypothesis explains well

- Exceptional phenomenon

Example: b1 — my m T

b1 . s # b1 s

[(b1 — mY) = 230 KeV (experiment) (b1 — 1Y) = 30~160 KeV (VMD scenario)

For b1 decay, VMD hypothesis does not work well



b1 In ¢Ye () representation

 Interpolating current in local tensor representation
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The other vector mesons in tensor bilinear
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If UA(1) and SU(2)L x SU(2)R symmetries exist, all the vector mesons are in U(2)L x U(2)r
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Soft pion breaking

Field transformation and leaking charge

RGR: bal(Z, 1) — iN;[QN(t). alF, t y .  7i
Va(Z:1) = Ya(Z,1) —ihilQ(E), Pa(Z, 1) L= L—(0°0;)J5(F,1) — A (07 TL(F.1))
= (%, t) — i M gtp(2,t),

If the symmetry is broken, the divergence corresponds to leaking charge flow

d@ (fJ

0% JE (7,1) = (@ (1), u(F, 1)] = —i[Qi (), H(,1) = [ a0 ai@n = ~i@'), [ dan@.o)

Pion corresponds to leaking chiral charge flow
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— in soft limit, b1 decay into w corresponds to chiral symmetry breaking
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Interpolating current

« To obtain physical information
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s a. Quasi-particle state will be extracted from the overlap
b Physical info. _ _ _
from overlap D. We need to construct proper interpolating current which

can be strongly overlapped with object hadron state
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Hadron state

(physical) Interpolating currentn ¢ Qur object: w and b1 meson in tensor representation

* Projection operator

Covariant interpolation
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Projection of parity eigenmodes
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QCD SR - operator product expansion

Operator product expansion (Example: 2-quark condensate diagram)
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Long distance g<u

Separation scale is mesonic scale (£ 0.5 GeV)
=  Wilson coefficient contains perturbative contribution above separation scale -
short-ranged partonic propagation in hadron

=  Condensate contains non-perturbative contribution below separation scale —
long ranged correlation in low energy part of hadron

»  Quark confinement inside hadron is low energy QCD phenomenon
=  Genuine properties of hadron are reflected in the condensates



Four-quark condensates

« Four-quark pieces determine spectral structure of invariant
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As gauge correction, colored pieces can make non-zero
contribution

In vacuum, all the topological configuration can contribute

[@20=0.8, bo=0.4] has been used for the isoscalar mode
[@a=1.0, ba=0.5] has been used for the isovector mode




Borel sum rules for [1*(117)] state

One-particle pole ansatz for the ground state
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Borel sum rules for [1*(117)] state

One-particle pole ansatz for the ground state
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Mass number converges near ~1.2 GeV
— provides stable plateau in Borel window

Pole residue sum rules
— provides stable plateau in Borel window

For this moment, one can regard b, as physical
b,(1235) state
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Borel sum rules for [0~ (177)] state

One-particle pole ansatz for the ground state
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Mass number ranges from 900 MeV ~ 1000 MeV
— higher scale than mass of w(782)

— unstable Borel behavior

— there is no w resonance in mass number 1 GeV

T-p hybrid state can be suggested via anomalous
interaction vertex
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Borel sum rules for [0~ (177)] state

Spectral sum rules for hybrid state
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Phenomenological correlator

Ly

Weighted invariant for parity-odd mode
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Borel sum rules for [1*(117)] state

« Spectral sum rules considering the hybrid coupling
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Both of the pole residue and the hybrid coupling becomes stable after the hybrid/pole correction
After pion breaking from b;(1235), w[0~(177)] state can couple 1t-p hybrid state
This intermediate hybrid state has loop structure — off-shell contribution can be important
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[(b1— W[0™(177)] — TT-V)

Two pOSSIb|e final y state Final photon state via w(782) (VMD channel)
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If [0~ (177)] state goes through w(782) state,

b, (1235) ®[0~-(177)] the radiative decay will follow VMD scenario

Final photon state from the 1t-p hybrid state
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In the goldstone limit for pion, the most of loop
phase space in is off-shell

— direct channel would be important
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Summary

b, can mixes with @ in local tensor representation

In chiral symmetry broken phase, W[0~(177)] state can be
obtained from b, after pion breaking

The W[0~(177)] can couple with the intermediate hybrid state of
T-p Mesons

Loop structure of the intermediate state allows direct photon
coupling channel, which would be the additional source for
radiative decay width
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