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Photon as final state

- External photon can be replaced with vector meson

Example:p —» Y Tt Tt

Effective Lagrangian in VMD hypothesis explains well in low energy regime

« Exceptional phenomenon

Example: b1 - mY m T

b1 . s # b1 s

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

For b1 decay, VMD hypothesis does not work well



Current-field identity

Preliminary: charged vector meson (p) Lagrangian
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F., = 8,A, — 8,4, p can be coupled with U(1) gauge

Equations of motion
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p can be regarded as external source of E.M. field
— Photon can receive effective mass from intermediate p states
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Axial anomaly

Nonzero axial divergence (Wess-Zumino)

1
-G; = meuvm 5 KV

This nontrivial divergence satisfies QCD symmetry and allows anomalous interaction

L vvs=—8rvg€umap THO*V3VEE) (epppz=+1)

Example:p = 1Y Tt Tt

All the external legs are vector, axial-vector, and pesudo scalar
Parity-even spin-1 mesonic state can not described in chiral representation
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b1 In ¢Ye () representation

Interpolating current in local tensor representation
bl[1+{1+_)] — %Eijk<D|QTEUE'J‘Q|bl (p.. )\‘,I} = 'ifgéEijk(—EgcAJp(]).
The other vector mesons in tensor bilinear
P (177)] = (0]gT%00kglp(p. A)) = ifa (—€) " pa).
w[07(177)] — (0|1gT oorglw(p, A)) = -iﬁf(—e}f“;'p[;.},
B0~ (15)] = Sese (01T syl (5, V) = i £, (~M ),
If U(1)a and SU(2)L x SU(2)rR symmetries exist, all the vector mesons are in U(2)L x U(2)r
by [1F(177)] w0~ (177)]

il k.
-5 >

SU(2)L @ SU(2)r

YooQe b)) = —is®t I (x), [QF,TE (2)] = iyt (2),
E"rA(l) @TAU pr U-ﬁl(l)

Y Y
SU(2), © SU(2)r

il -
- >

pl1H(17)] ha[07(177)
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Soft pion breaking

Example: field transformation and leaking charge

a(Z 1) = Ya(Z 1) — i [Q7(t), Va(Z, )]
= Ya(T,t) — iA; M gop(z, 1), L— L—(0%N)JL(F. 1) — A (9% TL(F, 1))
If the symmetry is broken

9~ JH (T, 1) = i[QU(t), u(Z, 1)) = —i[Q(t), H(F,1)]
Leaking charge flow
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Pion corresponds to leaking chiral charge flow

(x*(q)BIC(0)|4) = i [ d2cia7(92 +m2) (B|T[n® (x)C(0)]|A) ro(2) = —(1/m2 £.)8°J2. (z)
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i q'“’j"flu, — L
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— b1 decay process can be understood in aspects of chiral symmetry breaking

- g — m;z— 4, i - R
=i lim ‘ d*xe'?* <B|T[d“‘j§p{$}c (0)]]4)

lim (x*(q) BIC(0)|4) = - (B|Q5, C(0)]|4) — (B|Qs, C(0)]|14)

Q2. TP ()] = —id®JE (2), [Q2, J¢ (x)] = iJ(z), (in tensor representation)



b1 decay process

Correlation function from b: to w via pion breaking

(m*(q)w(k)
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Double line denotes vector meson in tensor representation



Interpolating current

« To obtain physical information

AN —q2—>oo

s a. Quasi-particle state will be extracted from the overlap
p Physical info. _ _ _
from overlap D. We need to construct proper interpolating current which

can be strongly overlapped with object hadron state

AN

Hadron state

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

* Projection operator

Covariant interpolation
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1 . . .
b1 (147)] = —euvas (0]70° | b1 (p. V) = iffy (ep0 — €My

Projection of parity eigenmodes
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Four-quark condensates

Four-quark pieces determine spectral structure of invariant

kg 9 16?& ! a a f a a \
Wi [T, (K2)] = e S (M?)?E (s0) — = < G‘> ¥ ﬁ ((gT*r%qqaT*7%q) + (qT 75977 7% v5q))
Ry, . .
— a2 (LT mad Ty "g)

Usual vacuum saturation hypothesis gives same factorization
= = ({?TA' | q]"d. EQ'}—}*——(Q_'TDQ}

(qTA1%y5qqT 47 “uq>—>——(q‘T“q>

In Bank-Casher formula, only Dirac zero-mode contributes

- () Py (x) 1 / 1Y
\qq) = /d4 < . } o m—-z')\> = (0,00
= = .

Dirac zero-mode correlation is on the gauge orbit
— colored pieces can make non-zero contribution

In vacuum, all the topological configuration is possible

— parity-odd pieces (b4 type) can contribute as alternating s
eries of winding number

[@20=0.8, bo=0.4] has been used for the isoscalar mode



Borel sum rules for [0~ (177)] state

Four-quark pieces determine spectral behavior of invariant

E0

T'E

‘M,-,ubt [qurﬂgq(k'-z}'] — E / c'ESE’._S“IM‘-IITL [_S_.m:%: +i£] — f=F _—m_ M-
Xs 2 167?&'5 _ a & . .
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1.4} @ - =08, k=08  (3)] mz = (M7 dU‘M’ Mgraog (K] ) fWir™ [Hgoq (K°)]
1_g§ — @=08 k=04 Mass number ranges from 900 MeV ~ 1000 MeV
B — higher than mass of w(782)
B sl inist ittty — there is no W resonance in mass number 1 GeV
0.8} . .
: - ay=0.8, by=—0.4 consider anomalous coupling
0.6f - a,=0.8, hy=—0.8 Gers
: 1::}’ L Pe,u,:r,c:cc ;L;nda?" ﬂfﬁ
0.4} s=1.44 GeV? 2
02 T-p hybrid state can be suggested
oot . Corresponding phenomenological current
1.0 1.2 1.4 1.6 1.8 n
2 2 ,mlr.n{f} = E.UFW!QTI [d ?T(.'l‘-}l,[? {I)]
M=(GeV?)
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Borel sum rules for [0~ (177)] state

Spectral sum rules for hybrid state

. . ;
Imaginary part is changed as AT TN
w s / N w
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Weighted invariant for parity-odd mode
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Coupling between tensor current and hybrid state
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Borel sum rules for [0~ (177)] state

Spectral sum rules for size of coupling

. 1
leampl = [P IFT 72 (R2)) /Wit (0 (%))
20 . 20 20
\ (a) - s=1.21 GeV? (b) - s=1.21 GeV? (c)
18 ay=0.8, by=—0.8 18; --- sp=1.44 GeV* 18} Tl = sp=1.44 GeV?
*, ay=0.8, By=—0.4 + sp=1.60 GeV* ; e
16 A — ay=08, B=0.4 16} —  sp=1.96 GeV* 16} ! e
=08, =08 | [ s P s0=1.69 GeV*
14 T e 14} 14}
,"I —— _":.: — / ay=0.8, hy=0.4
12 ] _"""-=:-':1.'1'_";:-_-‘_-__::_ 12} *_:' 12}
10 :r .................................. 1ol ;F:‘"'._." ------------------------ 10L
8t | si=1.44 GeV? 8 V 8 =08, bym0.4
6 : 6 6
0.2 0.4 0.6 0.8 1.0 1.2 04 0.6 0.8 1.0 1.2 02 04 0.6 0.8 1.0
M*(GeV?) M?(GeV?) M?(GeV?)

In proper parameter set [ao=0.8 bo=0.4], Borel curve for coupling is stable
w[07(177)] like state after pion breaking from b1 is m-p hybrid state
This intermediate hybrid state has loop structure — off-shell contribution can be important
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[(b1— T1t-[hybrid] — TT-Y)

Two possible final Y state

Final photon state via w(782) (VMD channel)

T el Gump ppoe | f a _a
\;: PR C‘_m‘_p_—‘} € Wy Oam" pa
: / m N - = oG
A o Y T = (s S s @
, W { g \@ - ) ’ = —Gum € W OO pg
//’4: o wrp
: ) If the whole legs are on mass-shell, the vertex would
1 &

become similar with €1 (VMD)

Final photon state from the hybrid direct after pion breaking (direct channel)

o €00vmp piad g €00~ i
T ﬁi%rp — 9—?’) Ly EHHQQF’HQJQ?TG,O% ~ -g'}TP F_uﬂw““
¥ —_———— 2mg, M,
\: - d " N Fa_a
. W ¢ cog N M If the whole legs are on mass-shell, the vertex would
: = »}-., . . .
27 " become similar with €1 (VMD)

However in the goldstone pion limit, the phase
space in loop is off mass-shell
— direct channel would be important
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Controversial points

Is it accidental coincidence?
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