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Motivation:
o excellent laboratory for investigating the light
scalar meson resonances
e complements other analyses based on
central production, D and J/v decays. ..

Experimental data
Theory review: scalar models market

Golden processes:
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¢ — 7y +— ap(980)

o Other proc.: ¢ -+ KK
e Conclusions
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— Experimental data
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significant enhancement at large %7 invariant mass
—
manifestation of a sizable contribution of the
ao(980) intermediate state
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A

— Theory Review

VMD
A. Bramon, A. Grau & G. Pancheri, PL B283 (92) 416
G pra
ﬁVVP = EE“ ﬁ<8MVV8aV5P>
Ly, = —4f%egA,(QV")
ByN D0, =1.2x107°
MD _ —6
B SOy = 5.4 x 10
BN, =1.3x107°
~ 3
gy

ChPT +p w7t~ 4+ ¢ > KTK~
A. Bramon, A. Grau & G. Pancheri, PL B289 (92) 97
f2
4

BX=50x10"°
BX =3.0x 107°
BX =1.0x10"°

Ly (D, UTD*U + M(U +U"))

BYMD+X — 6.1 x 1079
BYMPHX =36 x 107°
BVMD+X — 929 x 107°

p

=

\BUT both approaches do not contain the effect of scalar resonances

P
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A

Scalar models market

(i

No structure

excluded by experimental data on ¢ — w070 )

Kaon loop

0

N. N. Achasov & V. V. Gubin, PR D63 (01) 094007

used in the experimental analyses of ¢ — 71%7%y and
¢ — 7'y decays

¢

scalar resonances ad hoc

UxyPT
E. Oset et al., PL B470 (99) 20, NP A707 (02) 161

scalar resonances are generated dynamically by uni-
tarizing the one-loop amplitudes

\_

| the following models contain the scalar resonances explicitly

UxPT -5
2o om0, = 8% 1077 v
PT _5
B o, =8.7x107°
UxPT _5
X pe, = 1.5 %1077
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Linear Sigma Model

The LoM is a well defined U(3) x U(3) chiral model
which incorporates ab initio both the pseudoscalar nonet
together with its chiral partner the scalar nonet

\_

¢ — 1970%  PE=K* S=gf, o < fo

¢ — mOny Pt =K* §S=q

p =170y  PE=g* S=g¢ f o> fo

¢ = KK’ P*E=K* S=o0,fo,a0 fo~ay>o0

For the rest of the processes, the scalar contribution is not
relevant

The complementarity between ChPT and the LaM will
be used for including the scalar meson poles while keep-
ing the correct behaviour at low dimeson invariant mass
expected from ChPT

J
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;‘_ Golden Processes {

O — 7TO7TO’}/

A. Bramon, R. E., J. L. Lucio M., M. Napsuciale & G. Pancheri,
EPJ C26 (02) 253

A(p—m07%) sy kaon loop x A(KT K~ —7x%7%)
with
AKTK™ — 7T07T0)L(IM = JK+K-70x0

2 2
_gO'K+K_go7r07'r0 _ ngK+K_g-f07TO7"O _ gn:FK:tﬂ'O _ gn:FK:tﬂ'O
s—m? s§—m? t—m? u—m?
o fO K K
and
2 2
_ mK m _ my—m,
9oKK = 2fK (CQbS - fs¢5) Jorn — [ CQbS'

2 2

m ~—m
9foKK = %(&bs + \/§C¢S) gform = f—fOSQbS

™

Using the soft-pion limit:
2

A(KV—FK_ — 7T07T0)|_0|\/| = —;;:;ZI:

2
2 _ 2 m
M —m K

X T()C¢S(C¢S \/_S(ﬁs) + %S(ﬁs(»‘i(f)sﬁ-ﬁc(ps)

2 2 2 2 2
t—mK m —m U—My T —M

+ 4f. fK Dﬂ-m(f)’C + 4f.fk Dy.(u)
where
o D,(s)=s—m2+im,[,
o Dy, (s) = s —mj, — Rell(m7 )+ TI(s)
the complete one-loop propagator to take into account
finite width corrections

\ ® (g Is the scalar mixing angle in the quark-flavour basis j
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;‘_ Golden Processes

O — 7T07T0”‘)/

Remarks:
1.

2

. — 0.0 _s=m t+u—2m7
hmms—)oo A(K+K — T )|_0|\/| = 37 f 4f7erK

= 72— = A(KTK™ = n%7%) cppr U

2. non-resonant contributions are integrated out:

. non-resonant __  4Xx-loops . LoM
m}:}gloo p—mOn0y  — A([)—)ﬂ'owofy o lim AQS—MTOWOfy

—

m":fO — 00

A(Qb—)WOWO’Y)LO.M:ﬁ {a} L(S) XA(K-'-K_—)?TOTFO)LO.M
K

with

2

2
A(K K- —»n'n )Lal\/l — 2f.fx + 2fr fK

D) D) m2 2
’I’I’I,K—T? K

)/U chs(chs—V2sps) + ﬁs¢s(8¢s+\/§0¢s)

% 7
D, (s

where now only the ¢ and fy poles appear
—

this amplitude should be able to reproduce the 707!
Invariant mass spectrum for all s = m?rowo ]

3. ifms, ¥myg and I'y; i1s large = 0 < fj []

LoM LoM
4. A - op0 and consequently “4</>—>7r07r07

are very dependent on ¢g and my,

\_
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A Golden Processes

a2 )

¢ — 70y
Results:
For
m, = 478 MeV \
I'y =324 MeV
E791 Coll., PRL 86 (01) 770 \ _ Bql_sll\ilr-l—;/MfyD — 116 x 104
my, = 985 MeV
QbS = —9° y

In nice agreement with experimental results
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Figure 1: dB(¢ — 797%v)/dm_o_o x 108 (in MeV~1) versus m_o_ 0o
(in MeV). The dashed, dotted and dot-dashed lines correspond to the
contributions from the LoM, VMD and their interference, respectively.
The solid line is the total result. The long-dashed line is the chiral loop
prediction. Experimental data are taken from SND (solid star) and KLOE
(open diamond).
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;‘_ Golden Processes 2

¢ — 'y

A. Bramon, R. E., J. L. Lucio M., M. Napsuciale & G. Pancheri,
PL B494 (00) 221

A(p=7"17) | oM= 5o 25— {a} L(s) X A(KT K~ —=7%n) 5

AKTK™=»7%0) oMm= ;f;?i m%a_( j C¢P+mz4;-—fK(C¢P V2sép)
where
e D, (s)=s—m, —Rell(m] )+ TI(s)
e ¢p is the pseudoscalar mixing angle in the quark basis
Results:
et a0 e st J = DA = 83 x 107
14; |
12
10;
ok
gl
6l
4!
91
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Figure 2: dB(¢ — 7T0"7’)’)/dm7r0n x 107 (in MeV~1) versus Mo, (in
MeV). Experimental data are taken from SND (solid star) and KLOE:
(open diamond) from n — v and (solid diamond) from n — 7r+7r_7r0.j
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;‘_ Other Processes - ~
O — KOKO”y

A(i(P*KOKOV)LUM:# {a} L(s)x A(KT K~ = K°K")| 5

2
T — -0 770 _ mp—s/2 s—mi,
AKTK™ — KK om = gf?{ + 4f}2<fx X

2 2 2 2
2 2 — —
m2 —m mie mi —m;g

P My _ 0
TD,(3) (P TVEds)® F oy (s6stv2eds)® = THI

Results:

my, = 985 MeV, ¢g = —9°

LoM _ -8
Ma, = 984.7 MeV PDG'02 } — B, koo, =4 x 10

no background problem for testing CP violation at Da®ne

N T
99 1000 1005 1010 1015 1020

Figure 3: dB(¢ — KOKOy)/dmgogo x 10° (in MeV™1) versus
mgogo (in MeV). Total result (solid line); the chiral loop prediction
(long-dashed line).
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A -
— Preliminary

¢ = foy/aoy

A(Qb — fO'Y)LaM = 552 egj {a} L( ) X Gf K+ K-
‘A(¢ — aO’Y)LUM — 277635 {a} L( Mg, ) X GagK+K-

where

2 2 2
m . —m m —m
K K ag

f
gf0K+K—:T’O(S¢S+\/§C¢s) oyt K- =gl

—

L(m2 )2 (1=m2 /m3)® 9% g
R — a o — . : “0
(6= Jov/amiom = Tz F (a2 )° < 7 e

ag

~ qgoki ~ (s¢ps + V2cpg)?

ga0K+K_
Results:

For
QbS = —9° — R(gb — fo’y/ao’y)LUM ~ 1.5

to be compared with the KLOE measurement
[PL B537 (02) 21, PL B536 (02) 209]

R(qb — fO’Y/aO’Y)KLOE =6.1+0.6

However, this value is obtained from a large destructive
interference between the fyv and o contributions, in
disagreement with other experiments
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— Conclusions

\_

o ¢ = 7%, ¢ = 79y and ¢ = KOKOy can be used to

extract relevant information on the properties of the
f0(980) and a((980) scalar resonances

The complementarity between ChPT and the LoM can
be used to parametrize the needed amplitudes

The LaM predictions for these processes are compatible
with experimental data

o — 7'('07'('0’)/

Dependent on my, and ¢g
Explanation for the suppression of the o contribution

¢ — m'ny

Dependent on m,, and ¢p

¢ — KOKO')/

Confirmation that is not a problem for testing CP
violation at Da®ne

¢ — foy/aoy

can be used to extract relevant information on the scalar
mixing angle and on the nature of the f,(980) and
a0(980)

Higher accuracy data and more refined theoretical
analyses would contribute decisively to clarify the sector
of the lowest lying scalar states

~N
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