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A-1. Other: Scalar Meson Puzzle

2011/08/17
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Mass(MeV)
7o(1710)
fo(1370)
a,(980)  ,(980)
K(800)
O(600)

The light scalar mesons
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A-2. Other: Scalar Meson Puzzle

— Mass(MeV
If Scalar Meson is gq, then ass(MeV)

from number of strange quark fo(1710)

fol1300)

m(ao) < m(fo) dg(1450) K, (1430)
\‘\ fol1370)

K(800)

O(600)

a8 fo

@ 2-quark states:  (y7 — da)/\/i SS

The light scalar mesons
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A-3. Other: Scalar Meson Puzzle

Mass(MeV)

If Scalar Meson is qq, then

from number of strange quark fo(1710)

75(1500)

m(ao) < m(fo) dg(1450) K, (1430)
\‘\ fol1370)

If Meson is qqqg, then

m(ao) = m(fo)

(800)
This picture seems to be good.
O(600)
08 Jfo
@ 2-quark states:  (y7 — da)/\/i SS

@ 4-cuark states: (dsds — wsus)/V2  (dsds + wsus) /2 The light scalar mesons
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B-1. 2quark and 4quark States

3x3 Flavor Matrix Fields M and M/’ in Linear Sigma Model:

@Two quark fields ~ 0.0r @Four quark fields ~ drUrALAL
M=S+ig M =5+ i

Scalar Pseudo scalar Scalar Pseudo scalar

They have the same transformation propaties under SU(3).xSU(3)R:
M — U, MUR! M = UMUg

But defferent transformation propaties under U(1)A:

M%MG@ M’ﬁM’e
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B-2. Physical States

If there is U(1)A Symmetry, Two and Four quark state are not
mixed, but U(1)A Symmetry is

{ Explicitly Broken by Anomaly.

Spontaneously Broken by chiral sym. breaking.
Then they are mixed: Physical States

_______________

_______________

_______________

________________
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B-2. Physical States

If there is U(1)A Symmetry, Two and Four quark state are not
mixed, but U(1)A Symmetry is

{ Explicitly Broken by Anomaly.

Spontaneously Broken by chiral sym. breaking.

Then they are mixed: Physical States
br cos@, —sinf,
(gb’n) - (sin 6, cosf, ) ( )
uil + dd U o Lightest
S§ Lo _ (fo)2 | 2n
usus + dsds | ( P A X dmatrix ) (fo)s | 8rd
udw (f 0)4 Heaviest
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B-3 Effective Lagrangian

Effective Lagrangian for Light Mesons part by
using Linear Sigma Model:

I I
-7 Tr(a, Mo, M") — > Tr(o,M'0, M'T)
_%(Ma M,) — Vanom(Ma M,) o VSB

Vo : SU(B)LxSU(3)R invariant, U(1)A invariant.

Vianom : SU(B)LXSU(3)R invariant, U(1)A breaking (anomaly).
—) This part is matched by QCD.

Vg Explicit SU(3)LxSU(3)rxU(1)A breaking terms.

(Effect of Current quark masses)
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B-4. Relations between Couplings

There are relations between couplings as follows:

i 1 P*V\? 1 9V
— m; \or°0r00f; [ 3\ 9r09n09m09r

o /;7( 7(\\ ,¢7(
< X
~ ” ~

\n_ 7(/ \7(

s L PVN\T_ 2
=lmi \orartaf; ) k2

T T Scattering amplitude can be written as a function of O T 1T
coupling and 0 mass:

s 7 - RN fj -
- A(S7t7u) — /x\ +Z />__<\
2 2
. O 7 9 2 9001
2 - ()
2 S
(9001 _<0/(f3)“‘ o7 ) expansion m( 2) (j =2,v/s<560MeV)

J
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TT T Scattering Amp.
2

Nﬁs

I is the pion decay constant.
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B-5 m m Scattering

T 17 Scattering data can be reproduced by m(o ) = 580MeV,
T 1T O coupling = 1.9 up to 560MeV :
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