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Y Light Scalar mesons

ap(980) ,  fu(980), “x(900)”, “c(560)”
\ /

scalar nonet

© Properties

e quark structure
e interactions with other mesons

clue for understanding of QCD



Y Radiative decays involving light scalar mesons

scalar -y +vy
vector —» scalar + y

scalar -» vector +y

© Effective Lagrangian

«— SU(3) flavor symmetry
+ vector meson dominance
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- Masses of scalar mesons
and their couplings to pseudoscalar mesons -



2.1. Scalar meson nonet field

D.Black, A.H.Fariborz, F.Sannino and J.Schechter, PRD 59, 074026 (1999)
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2.2. Relation to quark structure
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2.3. Mass terms for scalar nonet
D.Black, A.H.Fariborz, F.Sannino and J.Schechter, PRD 59, 074026 (1999)

atr [NN|+btr [ MNN|+ctr[N| tr[N]|+ dtr [ M N] tr [N]

m
eDetermination of 6, from scalar masses a [ o ]
M

M, ~980MeV M ~980MeV quark mass

ag —

My ~ 560MeV (T-T scattering)
M.~ 900MeV (m-K scattering)
4
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2.4. Pseudoscalar meson nonet field

/(ﬂﬁ-ﬂ'«g)/\ﬁ T, K+\

P = T (r-mg)/V2 K
S

N cost, —sinb, Nr

n’ sin, cos6, Ns

0, >~ 37 --- “n-n’ mixing angle”



2.5. Interactions among one scalar and two pseudoscalars

© light pseudoscalar mesons (x, K, n)

== approximate Nambu-Goldstone bosons
associated with SU(3); x SU(3)z — SU(3),

v Pseudoscalar mesons couple to other mesons
with derivative interaction

— Lypp = A€’/ N29, PP/ + BTr[N] Tr [0,P"P]
+CTr[N9,P)Tr[0"P] + DTr[N] Tr[9,P] Tr[0"P]

v All of NPP couplings are expressed by
4 parameters, A, B, C, D (and 6,)



s Determination of A, B, C, D and 6,

D.Black, A.H.Fariborz, F.Sannino and J.Schechter, PRD 59, 074026 (1999)
A.H.Fariborz and J.Schechter, PRD 60, 034002 (1999)

© Fit
n-K scattering  m-m scattering
n' — nnr decay

A~25GeV~! B~ -20GeV™"!

C~—-23GeV' D~-23GeV"!

—20" --- (close to ggqq picture)







3.1. Features of our model

© SU(3) flavor symmetry
«— Effective Lagrangian

© Vector meson dominance (VMD)

 Photon couples to mesons
dominantly through vector mesons.

VMD works very well for EM form factor of .



3.2. Vector Meson Dominance (VMD)
In (N-yy), (V->Ny) and (N->Vy )

N = yy V - Ny N - Vy

VMD = NVV vertex determines
(N-yy), (V->Nvy) and (N-Vy)



3.3. Effective Lagrangian for NVV vertices
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= 3 parameters [, Bz and ¢ determine
all of (N — vy), (V — Ny) and (N — V).







4.1. Analysis 1 === processes related to ac meson

e Determination of B, and B¢ +++  Independent of 6,

{ T(ag — ¥y) =< |Bal? : { Bs=0.72+0.12GeV""

(O — aoy) = |Pe — 2B Be=(7.7+£0.5, —4.8+0.5)GeV™'

° Prediciﬂns
_E”

2B o< T(ag — wy) = (641 £87,251 & 54)keV

ﬂcrﬂu—*lj"f)_.? 0+ 1.0keV

© large hierarchy
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4.2. Analysis 2 === processes related to fo meson

e Determination of Bp
2

I'(fo — vy) o< ——134 (\ﬂoae —|—4H11”19)—|— Bg(fc,me +s1r19)

Bs=0.7240.12GeV " 0, ~ —20°

Bp = (—0.62+0.10,0.61 £0.10) GeV™!

e Predicions
(BJT ’ BB* BL'* 81) = r(}‘u — [U'Y) =88+ 17keV.--.

(B4, Bz, 0,) = T(fo—py)=33+£2.0keV, -

© large hierarchy

Be [5-:

By BB




¢ Analysis for 6H ~ —9()0 (work in progress; preliminary)

Note: fyntm coupling becomes too large
( to explain i scattering amplitude. )
e Bp=(1.1£0.1,0.1240.13) GeV"'
cf: Bp=(—0.62+0.10,0.61+0.10) GeV ! for 6, ~ —20°
e Predicions
(Bas Bz, B, 6;) = T(fo — wy) =86+L16keV, ---
cf: 88t 17keV for 6, ~ —20°
(B4, PBs,6s) = I'(fo—py)=3.4+3.2keV,--.

cf: 3.3+2.0keV for 6, ~ —20°

© large hierarchy
Be Pe . |:> ['(fo — wy)

Bs Bs T'(fo— py) -

for 6, ~ —20° and 6, ~ —90°




¢ Analysis on ¢— foy
© prediction from present analysis

T(0— fo7)=0.21+0.03keV < Ty =1.51+0.41keV

- K-loop effect gives an important contribution

[N.N.Achasov and V.N.lvanchenko, NPB315, 465 (1989)

Note : non-derivative f,KK interaction

© New analysis in progress (preliminary)
e Inclusion of K-loop effect through derivative f,KK interaction

together with 34, Bp and 3¢ terms

= Interference seems to play an important role.







% Analysis on radiative decays
(N->vyvy), (V->Ny) and (N->Vy)
© Effective Lagrangian

e SU(3) flavor symmetry
e Vvector meson dominance

© Predictions -=+- large hierarchy

(a0 — pv) T(fo — pY)
for 6.~ —20° and 0. ~ —90°

checked by future experiments !
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