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Outline

+ ¢ decays to scalars, the a, parameters, the scalar structure and
the instanton model;

+Searchforo — (f,+a)y - EOKOV-» KK,y

+ Measurement of the e*e - WT® cross section and determination of
the Br(o —n%)

+ The determination of the ' gluonium content;

+ Measurement of the Br(n - ® *® - e* e (y)) and looking for
unconventional CP violation in the decay.
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Scalar physics

Still open questions on the nature of the light scalars:
a, f, o «x

The natural answer (2 quarks states in P configuration) cannot explain the

_ inverted hierarchy.
/ Increasing mass arrow

103 S *oP
qq_ J*0 k¥ —pp O k0 xt 42
k=T V r'd
/ / \ | 4 / \ a  a \
nonets g T p——— p \ 0 f /""o
T'l -
\k‘ j_(o/ \k"‘“k*‘/ K_ K

Why scalars show an inverted mass spectrum respect to the pseudoscalar and vector
partners?

Natural explanation in the 4q hypothesys ~ f, &, ssdd ssuu 6 uudd
Jaffe
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@ . Scalar study in ¢ decays

—

Scalars nature can be studied with the ¢ decays

e'e - ¢ - (f+o)y»n'nly, "y
Eur. Phys. J. C49 (2007) 473 Sensitive

Phys. Lett. B 634 (2006) 148 to the scalar structure
- 0
e'e=>0->ay—->nny

e'e > (ao + fo) Y - KK%- KSKS'Y Sensitive to the a -f, interference.

The couplings to the pseudoscalar mesons (nn, K'K'nmw)
are sensitive to the quark structure.

80,0,20 K+ K- 80,6 K0 Ko
ng,G T+ Tt ng,c 70 70 gaO n ®0

f ot 3 g b e L, x
0] ¢+ O - Ko
T T’ T’ a, K a, K

Isospin symmetry: D e 2 SHu—
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. 0- Submitted to PLB
M. fit to nu®y events at KLOE arXiv:0904.2539

Fitted spectrum
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| q Y KLOE (=TT T°) 6q: Achasov-Ivanchenko NPB315(1989) \
: Close et al., NPB389(1993)

3E # KLOEM-TY) 4q: Achasov-Ivanchenko NPB315(1989)
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1k CMD-2 (‘99) Achasov et al., PRD56(1997)

Y ST T I T T PO KK molec.-2: Kalashnikova et al., EPJA24(2005)
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‘g/ Scalar couplings to pseudoscalars 2q versus 4q

Couplings compatible with a 2 e e
quarks hypothesys withf=s s 4q qq
2 — 1.2 -1.7 0.4 d
4q cannot fit the (Guscr/uyn)” 0.6 = 0.7 - ALL) -
small value of g_,,. (Yoo /Do) |26 - 48| >>1 >>1 (f,=ss) | 1/4(f,=qq)
2 -
(9D Y| 4-5 1 2 (f,=sS) 1 (f;=qa)
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Scalar couplings to pseudoscalars 2q versus 4q

Couplings compatible with a 2 KLOE SU@)
quarks hypothesys withf=s s 4q qq
- / 2 6-0711.2-1.7 0.4 u,d
4q cannot fit the (9urcr/unr)” 0.6 - 0.7 -~ a (u.d) —
small value of g_,,. (Yo' |36 -48 | >>1 >>1 (f,=ss) | 14 (f,=qq)
2 -
(9kx/Daxex 2| 4-5 2 (f,=ss 1 (f,=qq)
New model from T'Hooft, Isidori, fOrCTicT akeK 1 ( 0 ) °
Maiani, Polosa and Riquer (Phys. ) )
Lett. B662 (2008) 424 Instanton interaction
o . P i Interference allows
(o) i .
Standard interaction ¢! e small a0KK coupling - [oa] b P [Ga] allows f s
(quark exchange) e —a— <‘:> g < 0
" [ag] < P [qq] -
" [aq] P [q]
INPULS: G0 Gromm s Mygr Mg Yo
outputs: g,o«ks Gaonn KLOE (KL) I Tqqllaq] _1 aq _1
|cI =-28—-3.4GeV  Jo=-39—-48GeV

grok+k— (GeV) 3.97 — 4.74 }

& omn (GeV) [-1.82—-2.23 Jo=20.5—245GeV " Jor=16.5—19.7GeV "

very good agreement L] L]
in the 4 quarks — 2.01—2.15 2.4—2.9
hypothesis 2.46 — 2.82 6.6—7.9
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e o Ko /% ogswx  ame o (0°MeV)  arxiv:0903.4115
W@— — () gS KOKO Le ‘ . ' .

Isospin symmetry relates the couplings
gfn'w =2gfnn

OO — tle- strong destructive interference
g foK K°=g foK K between a, and f; is expected

g a K°K® Q a,K*K" in the KK channel
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KLOE PLB 669 (2008) 223

Interference pattern between non-resonant e*e” — TP and ¢ decays:

2 T 9
M r E” ; L _easure CI'0SS _section
0-(\/5) = 0'0 (\/g) I:ij_ Z [; @ . 8; ll\z/lltted crgss section .
o} TE
@ :
- o,(vs)=0,+0'(\s—M e
model independent o(Vs) =0, ( o) ' e L TOTCTOT
[ (- TY)/T (W - TUTTTP) & assuming R E I R
Y. Br.= 1 Br(w— w'n") from PDG average £ o
>E 0.75— i
o 06— : 3t
BR(w— T0TTTP) = (90.24 + 0.19 )% o
BR(w- 1Y) =( 8.09£0.14 )% voee oy
g\a 1000 1010 1020 \lS (Melo\;;)
R PDGO7
T 90 )
- KLOE /—W OZI + G-parity violating
5 ! 0|2 | s
L/ BR(p - wn’) = - =(5.6310.70)%10
885 L = KI1.OE = ¢

ISA";’SI — 9I IOI I I9A|25
BR(@—mT v (%)

SND(2000) : BR(¢ —» wm’) =(5.2°7yx10™
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Nn,N': mixing and gluonium

The n,n ' mesons wave function can be decomposed in the quark mixing
base as in the folowing (J. L. Rosner, Phys. Rev. D 27 (1983) 1101. ).

luu )+|dd)

0)=X,|q@)+Y, [s3)+2,|G)  In)=cosw,|q@)—sinw,|ss) |qq)=l]

X =siny ,cosy,
Y,  =cosy,cosy
Z, =siny g

The ¢ - m,M' y transition is modelled according a spin flip transition

P Vv v \' P Y
L A AT Moo A+ AN
2 1 2
I (P-Vy)=o=|pf I(V-Py)=37=Ip,f

Only quarks participate to the electromagnetic transition, gluonium is spectator.
It appears in the ' decay amplitudes only through the normalisation to 1 (Yn, ~Ccos VY )
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@ . KLOE past fit

KLOE [Phys. Lett. B648 (2007) 267] has fitted: _p| taken from a global fit

' @ 3 without gluonium
F(n'—py) _ {2
0. +2@ -

(
I'(w—m’y) cos y,
( ]
(
Using KLOE measured branching ratio;

A. Bramon, R. Escribano,
M.D. Scadron
Phys. Lett. B503 (2001) 271

m

2
m.—m:, m,

I'ln'»swy) _1 mn—mwm
I'(w—m'y) 3

2

_Br(¢—n"y)
* Br(¢—ny)

m tany,,

=cot’yp-cos’y | 1-

3
| Pn-)
P

n" -mmn, n-3r
= (4.77 £0.09+£0.19)x10° ¢-n'y n - mnn,n - T

¢-ny, n - 31

Sin2 ¢,

2
E. Kou, Phys. Rev. D

63 (2001) 54027

and the ratio: I'(n'=yy)_
F(7T —>yy) 9

’;:X +f2fs .

B. Di Micco KLOE results on light meson properties Krakow - 16 -22 July 2009

m

TT




(5=, - Accepted by JHEP
‘ J KLOE new fit arXiv:0906.3819

New global fit with more free parameters: Z, Z,s, ¥, m/m

Other input are needed @-n» -7y T@-nn Hg-my K" -~Ky
MNw - 1'y) Mw-ry) MNow-ny) HNow-ry)’ (K SKY)

om e
J. Nadal
Parameter KLOE published KLOE New fit | K. New fit (no Pyy) | JHEP 05 (2007) 6

0.14 + 0.04 0.105 + 0.037 0.03 + 0.06 0.04 + 0.09
L|JP (39.7 £0.7)° (40.7 £0.7)° (41.6 £ 0.8)° (41.4£1.3)°
Z s 0.91 + 0.05 0.866 + 0.025 0.85 + 0.03 0.86 + 0.03
Z, 0.89 + 0.07 0.79 + 0.05 0.78 + 0.05 0.79 + 0.05
vy 3.2° (3.15+0.10 )° (3.16 £ 0.10 )° (3.2+£0.1)°

m,/m 1.24 + 0.07 1.24 + 0.07 1.24 + 0.07 1.24 + 0.07

P(x?) 49% 17% 41% 38%

Gluonium content @ ~30 level confirmed (Z = 0: g, = (41.6+0.5)°, P(x?)=1%)
Nn'—7vy is the only measurement sensitive to the gluonium
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@ . USING PDG-08 and KLOE @—s7°y

3 2

' m_.
Llnoyy) LM f5ley oley Voo as S
F(Tr _)yy) 9 m1T fq fS 045 __ F{p—mylio—ry)
exact isospin symmetry limit 04 b
flfa=1  FJf=V2E5/fo1 035
f.lf, from lattice (UKQCD) 03
E.Follana et a l. 025 [

Phys. Rev. Lett. 100 (2008) 062002| ,, | 1«

(Z.)? 0.115 +0.036 015 ¢

T(n'—pY/T(@—n'y)

y2/ndof = 4.6/3 W, ((40.4+0.6)° 0.1
oo, 1Zy 10.94£003 M5
P(c) = 20% Z 0.83 £ 0.05 0307732 34 36 38 40 42 44 46 48 50
s Y, degrees

v, ((3.32+0.09)°
ms/ m 1.24 + 0.07

Z_ can be interpreted as a mixing with a glue ball. The mass of this glue ball

has been determined using KLOE fit [ Hai-Yang Cheng, Phys. Rev. D79 (2009)
014024]

m,=(1.41+0.1) GeV  The glue-ball is identified as 1(1405)
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'&/ n—oT*n- e e (y)

+ Poorly measured (4 events CMD-2, 16 events CELSIUS-WASA)
# Br predicted by ChPT and VMD models (26 + 36) -10°

¥ 1 structure using virtual photon

D. N. Gao, Mod. Phys. Lett. A17(2002) 1583

CP violation source not constrained by CKM
measurements and neutron elecritrc dipole moment

1 .
O = —G5ioys(p —q) syyy

m n

asymmetry in the particle
decay angle

Within the SM:

Br(n—n*n-) < 1.3x10° A, < 104 SM A, ~ 10-15
KLOE, Phys. Lett. B606

(2005) 276 The unconventional CPV term
can increase A¢ up to 107
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ﬂ! Results: BR and A ) PLB 675(2009) 283
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Stat. Syst.
|G| < 1.8
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First measurment of the CP asymmetry
%5 04-03-02-01 0 01 02 03 0.4 0.5 and attempt to constraint |G|.

singcoso
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ﬂk; Conclusion & Outlook

+ New KLOE data on a, together with the old f  results nicely agree
with the 4 quark hypothesis in the instanton model;

+ First upper limiton ¢ —» (f +a )y - KK% - K.K.y, sensitivity
near the obsevation threshold;

¥+ Refit of the 1’ gluonium content confirms the 36 KLOE claim, the
main sensitive measurement has been identified with the n'— vy;

+ Precise measurement of then — © *® - e* e (y) branching
ratio and first measurement of the CP violating asymmetry.

OUTLOOK: see next talk of P. Gauzzi
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