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Introduction:

Scalar mesons play important roles in low -energy QCD :
- Induce spontaneous chiral symmetry breaking
- Are probes of QCD vacuum

- Are important intermediate states in low energy processes (such as 7z, 7K, zn scatterings,
and decayssuch as ' — nzz, semileptonic decaysof D.,...)

Understanding the properties of scalar mesons is known to be nontrivial
- Some of these states are broad and therefore interfere with nearby states

- Their mass spectrum doesn't follow the conventional SU(3) multiplets
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f,(1500) & f,(1710): could contain high glue comp.
PDG: likely candidates for a qg nonet

m[a, (1450)] =1474+19 MeV > m[K (1430)] =1425+50 MeV
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Ideally mixed gg nonet  Vector meson nonet

1=0 < ss $(1020)
1=1/2 < ns K" (892)
1=0&1 <> nn o(776) & p(783)

Ideally mixed qggq nonet
(MIT bag model, Jaffe,1977)

=081 < nsnsS
[=1/2 < nnns
=0 < nnnn



Mass

A

M 'S

Mixing mechanism for scalar mesons below and above 1 GeV
D. Black, A.F., J. Schechter, PRD 61, 074001 (2000).
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Generalized Linear Sigma Model Framework:

The two chiral nonets are defined in terms of scalar and pseudoscalar nonets:

M=S+i¢
M'=S +ig’
Under SU (3), xSU(3), xU (@), :
M — ¥ UL MU} M' — e U M'UL

At the quark level:
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Lagrangian:

1 1
L=—5Tr (0,MO, MT) — 5 Tr (8, M'9, M'T) — Vo (M, M') — Vsp

V, isinvariant under SU (3), x SU (3),, but notU (1) ,
Vg IS the symmetry breaking term

Approachl:

Without making a specific choice for chiral invariant part of V, and with modeling:

1) axialanomaly 1) 7, K, contain small four - quak components
i) Vg = 1) & contains large four - quark component
ili)  condensates iii) no predictions for: a, and f,

[A.F.,R.Jora, J. Schechter, PRD 72,034001(2005)]
Approach 2:

Making a specific choice for chiral invariant part of V, and modeling:

1) axialanomaly 1)  Pseudoscalars contain small four - quak components
i) Ve = < 11) Scalars contain large four - guark components
ii) condensates i) Predictions for low - energy processes such as
] ze7e, 7K scatterings

[A.F.,R.Jora, J.Schechter, PRD 76, 014011 (2007); PRD 76,114001 (2007);
PRD 77, 034006 (2008); PRD 77, 094004 (2008): PRD 79, 074014 (2009):...]



In principle, V, contains infinite terms. Terms with dimension< 4 are: _
Vo= — oo Tx( Z\!!H‘)—!—@, detM + h.c.
NS o eV M +d3 detM’ + hoc.) + d°
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Asour first step, we consider terms up to N =8 with single Tr :

Vo= — CQTr(A!MH+63 (detM +h.c.) + 2 Te(MMIMM?Y) + ¢} (T][-(MJ\JT))2
\ea (Tr(MM') + hee)  + efeance™ MIMIMF +h.c.)

B+ o, ()

Toexactly mock upU (1) , :
det M Te(MMH 1’
R v O Ny VO Vi

C. Rosenzweig, J. Schechter and G. Trahern, Phys. Rev. D21, 3388 (1980)

J. Schechter, Phys. Rev. D21, 3393 (1980)



Termsin Vg that are linear in flvor symmetry breaking matrix A =diag.(A, A,, A;) and dim.< 4 are:

1[Tr(AM) + h.c.] + ko [Tr(AM') + h.c.]
ks [Tr(AMM M) 4 h.c.] 4 kg[Te(AMM'TM') + h.c.]
fs [Tr(AMM M) + h.c.] + kg[Tr(AMM'TM) + h.c.]
(
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ker [Tr(AM'M'TM') + h.c.] + kg[Tr(AM'MTM) + h.c.]
ko [Tr(AM'M'TM) + h.c.] + kyo[Tr(AM'MTM') + h.c.]
k11 Tl(Am +hoe]Tr(MMT)

Tr(AM) + h.c.]Te(M'M'T)

Tl (AM)Tr(MM') + hec.] + kg [Te(AM)Tr(M'MT) + h.c.]

fers [Tr(AM') + hoc.]Te(MMT)
k16[Tr(AM') + h.c.Tr(M'M'T)
k7 [Te(AM ) Tr(MM'™) 4 h.c.] + kg [Tr(AM')Tr(M'MT) + h.c.]
k19 AL €peae®® MEME + h.c.

ka0 AL epeqe® MIEM'S + hc.
o1 AL epeae ™ MEM'S + h.c.
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V = — exTe(MMY) + 4 Te(MMIMM?YY + do Te(M'M'T)
+ % (eqpec® MAMP M + h.c.)

det M Te(MM'T) ]

qetart) T (L) Tr(M’MT)] —2Tr(AS)

(A=diag.(A, A, A) with: A=A, A,
Assuming isospin symmetry: < (S} =a, with: o, = a, # a,
| SO =4 with: g, = B, # B;

All together there are 12 unknown parameters: c,,c,,d,,e;,C;, 71,0, 03, B, Ban AL A

+ ¢z |71ln(

mlag(980)] = 984.7+1.2MeV Ve
mlag(1450)] = 1474 + 19 MeV oS,
m[r(1300)] = 1300 = 100 MeV <ﬂ>_o
_ 3/
Exp. ma = 137MeV ® Miminum conds.{ 'O
Inputs F 131 MeV oV 0
A3/Al 20 — 30 X
2
detMé7 = (det MZU)EXP v
TrM;=(TrM)ee s~
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Results:

Pole|[Mass (MeV)|Width (MeV)
1 483 455

Receive corrections

due to the unitarization of 2 1012 154
O 0O scattering amplitude 3 1082 35
4 1663 2.1




K-matrix unitarization of prediction for real partof I=J=0 O [0 scattering amplitue
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Summary:

The generalized linear sigma model seems to provide a consistent
picture for the mixing of scalar and pseudoscalar mesons below 2 GeV

Scalar meson content is predicted to be reverse of the pseudoscalar meson
Contant

Future works:
Pi K and pi eta scatterings
Eta prime decays

Inclusion of glueballs



