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The KLOE experiment at DADNE
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Drift chamber
< Gas mixture: 90% He +10% C,H,,
“ Op,/ p, <0.4% (6>45°)

% O,, =150 ym ; 6,~2 mm

Electromagnetic calorimeter
¢ lead/scintillating fibers
“* 98% solid angle coverage
» og / E=5.7% /V(E(GeV))
o, =57 ps / V(E(GeV)) @ 100 ps
* PID capabilities
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Data taking ended on March 2006

> 2.5 fb~! on tape @ Vs = M, (8x10° ¢)

» ~10 pb-! @ 1010, 1018, 1023 and 1030 MeV
>
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Light scalars in ¢ radiative decays @! ﬁ

The structure of scalars below 1 GeV is still an open question:
(99, qqqq (Jaffe ’77...), KKbar molecule (Weinstein-Isgur ‘90)...]

BR and mass spectra of the radiative decays ¢ — PP’y sensitive to the structure of
the intermediate scalar mesons

AtKLOE: PP'=a%’ = £(980)/0(600)  [EPJC49(2007)473,PLB537(2002)21]
nte- = £,(980)/0(600) [PLB634(2006)148]
nn’ = 2a,(980) [New paper in preparation, PLB536(2002)209]
KK = 1,(980)/a,(980)  [New paper in preparation]

Phenomenological models used to describe ¢ —Sy— PP'y:

Kaon Loop No Structure
y Fit params: P
K* S P | Mg, goppis Bskk :
b S Fit params:
_—— _—— / P’ M g ’
K- P’ X P tga fSg? gSPP19 8SKK ,1
continuum nomi

[N.N.Achasov, V.N.Ivanchenko, NPB315 (1989) 465] l’l (polynomial)
[N.N.Achasov, V.V.Gubin, PRD 56 (1997) 4084] Y

[N.N.Achasov, A.V Kiselev, PRD 68 (2003) 014006] [G.Isidori, L.Maiani, M.Nicolaci, S.Pacetti, JHEP 05 (2006) 049]
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ete-—nnYy: search for a (980)

» ~450 pb~lof ee collisions @ \/SZMq) f%';: N—YyY Wﬁ*
> Dominated by ¢—a,(980)y | M:# ++
» Decay channels: (1) n—yy, (2) n—ntnn’ 2 4

» From event counting: oo

0650 700 750 800 850 900 950 1000 10

BR(¢p = nm'y)=(7.01x0.10,, +0.20,,,)x10° (1) 1 e

BR(p > nm'y) = (1.12£0.13,, 2022, )x10° (2) = n—w ; | %‘;}{H
ghis 8
Combined fit to M,  spectra: - I ?;_{ﬁ}h 1
Parameter Kaon Loop No Structure o0 @ #gﬂi ff
M,, (MeV) 982.5+ 1.6 + 1.1 982.5 (fixed) N ‘fa%jﬁw £
2 ok (GeV) 215+ 0.06+0.06  2.01=0.07 = 0.28 T b tn :
Zome (GEV) 2.82+0.03£0.04 246+ 0.08 % 0.11 M, (MeV)

Epa0y (GEVT
BR(¢—pr—mnmy)*x10-°
BR(n—vy)/BR(n—mnm)
P(x?)

1.58 £ 0.10 £ 0.16

0.92 £ 0.40 = 0.15

1.70 = 0.04 + 0.03
10.4%

1.83 = 0.03 + 0.08
0.05 =4 +0.07
1.70 = 0.03 = 0.01
30.9%

» R= (Zucic! Eane)? ~ 0.6-0.7
> R, [PDGO08] =1.73:0.04
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ete-—nn’y: unfolded M, distribution @! %

¢ To allow better comparison with other experimental results
and theoretical models = unfolding procedure to correct data
for detector and resolution effects

o/ dM) [MeV-1/6.35 MeV]

x10 (1/F¢) (dr’

¢ Bayesian unfolding os
(avoids smearing matrix inversion) : ILJ||1:I
05 )
[G.D’ Agostini, NIM A362 (1995), 487] : A
04 | 3! 1
: lJ"JIh
[ g
“* Average of the two M__ 03 | i ]
" ! lgﬁ !
distributions 02 f Lt 1
: J [‘T"Tl 1
[ 44 |
01 47
E :\ﬁk'JI 'E?'J'“'T%ﬂ | |
o bttt

K PR TR N TN SN T TR NN SN ST TN SN (NN SN TN SN SN (NN SO TN SN TR SN TR S ST S MY
700 750 800 850 900 950 1000

M, (MeV)
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S—nw update PRELIMINARY @! @
~450 pb~! of e*e~ collisions @ v s=M, kbo

v’ Different parametrization used in the published nt’n’y/m*nt~y analyses

v’ Marginal agreement between two channels

v New (not-combined) fit performed on both spectra with the same scalar
description: latest Kaon Loop model with £,(980) + 0(600) + interference

v . : [PRD73(2006)054029+erratum]
Preliminary results are encouraging:

Channel M;, (MeV) Zokk (GeV) o (GEV) g rokk ! & fonn
OOy 984.7£1.9 4 397043 ., -1.82+0.19 4 ~4.8
o A A 983.7 4.74 -2.22 ~4.6

> Better agreement between the two channels
» Reduced model uncertainties
» Combined fit in progress
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Couplings: f,(980) vs a,(980)

New theory for scalar mesons: S(4q)—PP decays
[t Hooft,Isidor1,Maiani,Polosa,Riquer, PLB662 (2008) 424]

dec(S) ¢;0;(S) +¢,0,(S)

4

/ quark exchange

A

o
s

1. Inputs from KLOE measurements
(gﬂ)KK > S0 + masses + @p )
2. Extraction of ¢, ¢

3. Evaluation of g, and g,

A A

1nstant0n

/;\\ contribution

4. Comparison with measured g, » .0,

LU (L) laq] [gbargbar]
ZrHKK (GeV) 3.97 - 4.74 ¢, = ( 28--34 ) GeV-1
Zromn (GEV) -1.82 - -2.23 } =(20.5 - 24.5) GeV-!

KLOE (KL+NS) !
g.okk (GeV) 2.01 - 2.15 2.1- 25
€ a0m (GeV) 2.46 - 2.82 33- 39

qqbar

¢,=(-3.9--4.8) GeV-!

= (16.5-19.7) GeV-1

!
24- 29

6.6- 7.9
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Search for ¢— K'K' @ @
p|KLo
» Expected to proceed mainly through ¢—[f,(980)+a,(980)]y—K'K%

¢ Never been observed
% Selected channel: K Ky—m*nntn™y Clean topology, 24% BR reduction
¢ Signal MC according to phase-space and radiative decay dynamics

% Selection cuts optimized on MC ( bekg: KK, (y) , efe—minnta(y) )

o -1 .
¢ 2.18 fb™ data @ M,

» 5 EVENTS IN DATA
> 2.5+ 0.7 BCKG EVENTS (MC)

12}

10

BR(¢p — K°Ky)<1.9x10° @ 90% C.L. °|

Consistency check using KLOE couplings from 2 * (a9
¢—nmy, p—mamy in the Kaon Loop model N
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0.0
Search for yy — o(600)— n’n PREL @

» Long debate about the experimental evidence of the o(600) meson M[/\f 4
» Evidence for a w*m~ bound state from E791, CLEO, BES RJ’

» Values of mass and width with large uncertainties
> Indirect evidence in the e*e-—nn% Dalitz plot analysis @ KLOE

KLOE preliminary: 11 pb™! @ Vs = 1 GeV (1/20 of the off-peak data sample)

, B _
ete—— et e_TISOJISO Fit with bckg IIcomponents only: %*/N,,~441/94
35 | fl L Total background
o =
5 E i nRline
ol ’HI 4“!| ," mih “ﬁh e*e—on’—n’nly
o T h“ FUEULH
s | H’ M1y NI K TN I
g { il \lH STt T
- E il | J. T L iy
S 3 ]‘ | g ey PR _ILJJ L'Uli' + \
TR AN o s P TS 0V oo RO o i WL
0r R S o Slorrr, o D L
200 300 400 500 600 700 800 900 1000 1100 1200
4y (MeV)

Excess of events w.r.t. the known background in the yy—c(600)—w region
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The n—r*ne*e decay »L@

v" Poorly measured (4 events CMD-2, 16 events CELSIUS-WASA)
v" BR predicted by ChPT and VMD models (2.6+3.6 x 10-4)

v’ 1 structure, using virtual photon

v' Angular asymmetry between e*e~ and -

test of non-CKM CP violation
[D.Gao, Mod.Phys.Lett.A17 (2002) 1583]

Within SM constrained by BR(m—mt*nt-):

using experimental upper bound: A <10~

using theoretical predictions: A, ~ 10-15

The unconventional CPV term increases A, up to 10-2
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N—n*n-ete : event counting arXiv:0812.4830

Data sample: 1.73 fb! - O Data
250 - O Cont. bekg
| B Signal MC

. 200
PID con ToF EMC info :
Fit on M___, side bands for background 150 ¢
Photon conversion on Beam Pipe rejected 100 |
Counting on M___, in the signal region: ol
Nﬂ;ﬂ;ee - 1555 e 52 (368 bCkg thS) % il 1""-"7."|:§i'i':‘!
3 1 . QO 00 30 540 550 560 570 580 590 600
Analysis efficiency: 8% M__ [MeV]
200 _ O Data | 3_ O Data
175 [ ? L1 Cont. bckg 107F O Cont. bekg
¥ M ¢ bckg - Il ¢ bckg
150 - M Signal MC [ M Signal MC
125 | 102}
100 |
< . | B e
C 10
50
25 |
1t L 21t , ' ‘o R “.
Y 0 60 80 100 120 Ja0 6o 1.1 08060402 0 02 04 06 08 1
M, cosO,,
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N—ntnete : results

arXiv:0812.4830 @ %
Klo

BR(—m*mw-ete(y))=(26.8 = 0.9, £ 0.7,,,, ) x 10-5

=60
] , O Data
[ 250 O Cont. bckg
50 | M ¢ bekg
M Signal MC
40 T 7 2L
| o o
ws bt 150
® <]
20 100
10 : — 50
> o % = 5 @ ¢ 2 =
2 =2 T T Lo/ E E e
R = 4 = N -
T DO = 8 =2 & YK g 0
E =+ o - = -05-04 -03-02-01 0 01 02 03 04 05
= ¥ ¢ ©C .
Sk sinpcosd
- ISt
__ " Vsingcosg — 4 Vsingcosg —(_ -2 ent'
sing cos¢ + sing cos¢
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N/m’ mixing: gluonium content in n’ @A %

_BR@=ny) _ (4.77+0.09_ . +0.19__)x10~°
* BR(¢—>ny) e e
PLB 648 (2007) 267

Gluonium content in 1)’ evaluated using Rosner model: [Rosner PRD27(1983) 1101]
[Kou PRD63(2001)54027]

n)=X, %‘uﬁ+ d¢7>+ Y, |ss)+ Z,|glue) X, =cos@;sing,
1, ) Y, =cosg; cosp,
|n>=c0scppﬁ‘uu +dd>—sm¢pP|ss> an - sing,

Gluonium content extracted using Z,,

SU(3) relations between decay modes:
Z\s evaluated assuming 77, =0 :

M=CWZNS(sin((pc)cos(cpP))2
INw-my) [Bramon et al., EPJC 7 (1999) ; PLB 503 (2001)]
2 \3
Z, 1 P,
R¢=cot2((p,,)cos2(cpc) 1-C, - -1
Z,sin(2e,)| | p i — o
\ e r Yade z ml) ( 3907 i 007 )

Z2,.=0.14  0.04
P(?®) = 49%

5cos(<pc)s'm{tpp)+ va;f-?-cos((PG)COS((Pp)

Bgioy vl
M1 fs

I(nm->yy)

r ' { 4 . . 2
-l —Cm (}ZNSsm((pG)cos((pP)+2CVZssm(<PG)Sln((P,,))

I"(w—»noy)

13
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4

nj

n/m’ mixing: gluonium content in n’ P, I
1

Global fit with more free parameters (also Zy, Zys, ¢y, m/m) n a I‘y
Other SU(3) relations need to be included :
Dw—=ny) T(p—=ay) T(—=ny) T@—ay) TEK ' —=KY)
I(w—7a")" T(w-—=>ry) T(w-—=>7ay) T(o—=>xay) TE*—=KY%)
Parameter KLOE published New fit New fit (no Pyy)
Zzn, 0.14 £ 0.04 0.105 = 0.037 0.03 £ 0.06
Op (39.7+0.7)° (40.7£0.7)° (41.6+0.8)°
Zns 0.91 % 0.05 0.866 + 0.025 0.85 = 0.03
Zg 0.89 = 0.07 0.79 £ 0.05 0.78 £ 0.05
Oy 3.2° (3.15+0.10)° (3.16+0.10 )°
my/m 1.24 £ 0.07 1.24 £ 0.07 1.24 £ 0.07
P(x) 49% 17% 40.7%

» Gluonium content @ ~30 level confirmed
» Forcing Z, =0 : ¢, = (41.6+0.5)° with P(x*)=1%

» Discrepancy with Escribano-Nadal ( Z,=0.04+0.09, ¢p= (41.4£1.3)°) [JHEPO5(2007)006]
due to the insertion of Pyy transitions

S. Giovannella — La Thuile 2009 — 1-7 March 2009 14



o(ete—nn)

PLB 669 (2008) 223 @ %
KLo

Interference pattern between non-resonant e'e—mn and ¢ decays:

: . o) 9.
Yoo M | Mol mdep. o) %
D¢ ‘ 00(\/;)=00 +G’(\/7_M¢) béf 7— r
62—._...--". ..1"
From I'(w—nt%)/T(w—mtr~n®) + unitarity (rare BRs (~2%)): 33
P00 o 10 1030
BR(w—m*nn) = (90.24 = 0.19 )% n s (MeV)
0 — 0 2 08p
BR((D—N'[: Y) ( 8.09 =+ 0.14 ) /0 EE 07;_ e+e__>ﬂ:Oﬂ:OY L
~ b o.si— ey 1
< ‘W
B I 04f
+t;' [ 1 I S B S SR
T 9o 03000 1010 1020 1030
5‘02 : Vs (MeV)
m I
»r From fit parameters + BR(w—m*mn):
_ 2
8- 0 O'((;m ‘Z4n ‘ -5
* PDGO7 BR(¢p > wr”) = = (5.63+0.70)x10
«s| WKLOE % o
: OZI1 + G-parity violating
‘ IS - I8)25l - I8{5I - I8"|75‘ — 9I — I9)25

BR(®0—TY) (%)

SND(2000) : BR(¢ — wr’) = (5.2%12)x 105
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o(e*e-—n*ny(y)) measurement @i

The comparison between experiment and theory for the muon anomaly a,, is a precise test of SM

Theoretically, the error on @, is dominated by the hadronic contribution, that have to be evaluated from data

e*e-— q*m in the range <1 GeV contributes 70% to a !

KLOE has shown, for the first time, that it is possible to measure
o(ete-— mny) at fixed Vs with high accuracy using ISR to

extract o(e*e- — m*w) for Vs’ from 2M_to Vs [PLB606(2005)12]
Neglecting FSR effects: <N\ V
do ee’
s dM’”Z’W =0_(s5)%H(s) g oK hadr,
74 - [\ ’\ A E S /

Requires precise calculations of the radiator function H(s)
PHOKHARA MC NLO generator
[H. Czyz, A. Grzelinska, J.H. Kiihn, G. Rodrigo, EPJC27(2003) ]
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o(e*e-—n*ny(y)) measurement @i

obs
dam(y) _ A]\']Obs _ANBkg . 1 . 1
dM? AM? & [ Ldt

JUT JUT

» Background rejection with PID using EMC info (eey/uwy) and kin. cuts (¢—msmo)
» Efficiencies mostly evaluated on data with two independent methods

» Luminosity from Bhabha scattering events with 55°<0<125° [EPJC47(2006)589]
[Generator used for 0 BABYAGA (NPB758(2006)22)]

Two samples used: e do
1) Small angle: 6__ < 15° or 6__> 165° " dM2 . SA
» Higher cross section (21 nb vs 3 nb) 0E o

» Less background LA
» Kinematically limited TE
2) Large angle: 50° <6, < 130° _

> ngher background (FSR + (l) — J'[',"'JT,_J'EO/ fOY ) L | | | Laaaal !

IlllIIIIIIIIIIIIIIlIlIlIIllIIIIII
0 61 02 03 04 05 06 07 0, 0.9 1

> All M__ spectrum M?2__(GeV?)
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o(e'e —n*ny(y)) measurement

SMALL ANGLE ANALYSIS

o, vs M’__, undressed from vacuum
polarization and inclusive for FSR

1400F
1200F ’
1000 ! :
800
600F & .

woof .

200

! u_: ((,o\/ ) "'-~....
(] P TP TP SN TP TP T
03 04 05 06 07 08 0910

Results are also expected in near future from:
> my/uuy ratio

» photon detected at large angle

» off-resonance data (1GeV)

PLB 670 (2009) 285

0.95GeVv?
f dso(ee — a'w ) K(s)

0.35GeVv?

Experimental fractional error = 0.6 %

a,7%(0.35-0.95 GeV?) =
(387.2+ 0.5, +2.4

Systematic errors on a

JCIC=

syst

Reconstruction Filter negligible
Background 0.3%
Trackmass/Miss. Mass 0.2%
n/e-ID and TCA negligible
Tracking 0.3%
Trigger 0.1%
Acceptance (0, 0.1%
Acceptance (0,) negligible
Unfolding negligible
Software Trigger 0.1%
\'s dep. OfH 0.2%
Luminosity (0.14,® 0.3.,,)% 0.3%
FSR resummation 0.3%
Radiator H 0.5%
Vacuum polarization 0.1%

+2.3,, ) x10-10

Theoretical fractional error = 0.6 %
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Comparison with CMD2/SND on |F, |

50 |
45 |
a0 |
35 |
30 |
25 |
20 |
15 [
10 |

51

N[104

/5” Ol

v KLOE 2008
=~ SND 2006
v a CMD2 2007

v
".lvv‘

| P | " " " L " L " s | -

0.3

04 05 06 07 08 _ 0.9
M2 (GeV?)

Statistical errors only

B

0.1 (IF, % g - IFI%) /IF, % |
- | |
0.05 L Al # i + |
0 -
L |
0051 | s CMD-2 ,
01F | * SND M7, (GeV?)
1 1 L 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Grey band: KLOE total error
Data points: CMD2/SND experiments

CMD2 and SND data have been averaged
over width of KLOE bin (0.01 GeV?)
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Comparison with CMD2/SND on a,™

0.1
- ~ had_ _ ~ had -9 *
0.08 - a,"cs-a, *I}O ] SND
0-04 E o * ﬁ% A CMD
0.02 ¢ o SN
-0.02 = . '
004 - 4
-0.06 &
-0.08 =
_0.1'1111111111111111111111111111111.11
0.3 04 0.5 0.6 0.7 0.8 ) 0.9 ) 1
M® (GeV")
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CMD2 2007:
s S
361.5+1.7c70722.9¢ st
SND 2006:
361.0:2.0.,5724.7cysr “
KLOE 2008:
A
356.7+0.4¢;o1+3.0cysr
| | | | | | |

330 335 340 345 350 355 360 365 370
a ~(0.630-0.958 GeV) (1079

Average value: 359.2 £+ 2.1 with x%/ndf = 1.24/2
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Conclusions

¢ Important results have been obtained by KLLOE in hadronic physics:

Measurement of BR(¢—1,(980)y) and BR(¢p—a,(980)y)
Large couplings of £,(980)/a,(980) to ¢ and to KK

0(600) needed in the description of the nn’ Dalitz plot
Upper limit set for ¢ - KKy

Excess of events in the o(600) mass region for ete-— ete-n0n?

BR + first measurement of the CPV plane asymmetry for n—n*n-ete-

Gluonium content @ 30 level in 1) using the Rosner model

Accurate measurement of Dalitz plot parameters for n— s [JHEP05(2008)006] Not
Precise measurement of 1) mass [JHEP12(2007)073] shown
Forbidden m decays: n—m*m-, —yyy [PLB 606 (2005) 276] today

Precise measurement of the main w BR’s and of BR(¢p—wnt?)

niie contribution to the muon anomaly with (0.6%,., @ 0.6%,,, ) uncertainty

* DA®NE upgrade + KLOE2: new and more precise measurements will follow
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Future prospects: KLOE?2

New scheme to increase DA®NE luminosity by a factor O(5) is being implemented
(large crossing angle + “crabbed waist™)

Program:

1. New KLOE data-taking will start at the end of 2009, with the present
detector + tagger for yy physics = ~ 5 fb!

2. Detector upgrade: inner tracker, new small angle calorimeters...

3. KLOE-2 data taking = 50 fb-!in 3 — 4 years

KLOE-2 physics program:
¢ Kaon physics: CKM unitarity, Quantum Mechanics tests,
lepton universality (K*—e*v / K*—=u*v), K rare decays

“* Light hadrons: search for (600) in yy — o — n’n’, ¢ — (f/a,)y — KKy
rare m decays, 1’ physics
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0(e+e‘—>n+n‘y(y)) measurement  rLs 670 (2009) 285 @ @
o/}

JII\IIIIIIJIIIIIIIIIIIIIIIIIIIJIIIIIIII T

KLOE 2005 published result:
388.7+0.8575724.95ys; } R :

KLOE 2005 updated: -
384.4:0.8_, +48_, F——A—— ~1.3%gysr

KLOE 2008:
387.2+0.5.5:3.30,5r ——a&—— ~0.9%sysr

1 llllll‘lllllllllllllllllll‘lllllllll 1

355 360 365 370 375 380 385 390 305 400
a ,~(0.35-0.95 GeV*) (107'°)
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Comparison with to 2005 ‘ N :

error table on exp. systematics

PLB606(2005)12 This work {2008):
e 03% Trigger S
Reconstruction filter 0.6% R B -
Eo— e Backpround 03%
S 02% M, cuts LB
Patticle ID 0.1% Particle ID -
Tracking 03% Tracking 0%
Vertex 03% Vertex N
e 03% Acceptance 0.1%
Unfolding 02% Unfolding -
Luminosity (0.5 @ 0.3,,)% 0.6% Software Trigger 0.1%
v's dep. of H 02%
Zexp 2005 = 0-9%(©0.9%Th) L.n::my 01,0603 0% | 03%

<Many sistematic effects improved ! Zexp,2008 = 0-6% (©0.6%Th)
=Almost everywhere efficiencies evaluated on data by two mdependent methods

» 30% CV inefficiency recovered in 2002 by additional software trigger level
» Improved offline-event filter -> syst.error <0.1%

» new generator BABAYAGA@NLO theory error from 0.5% to 0.1%

» Trigger efficiency updated due to a doublecounting
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Comparisons on a ™

1 LI 1 l 1 ll I 1

CMD2 2007:
361.551.7grar 2. 9gysT

SND 2006:

361 '0:2'051.":4 '7SYST

KLOE 2008:

356.7:0.857,y+3. 1gysr

BABAR 2008 prelim.:
369.340.85751"2.20ysT F—a—

330 335 340 345 350 355 360 365 370 375
a (0.630-0.958 GeV) (107"°)
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vy physics @ KLOE/KLOE2

-~

e'e —e’ead —see’ X

17 (%) = 0 2+

« X=rn,n = IP->yy)
¢ X=n1"= y*y*— o(600) — n'x"
with L=5 tb'! = err. = 2%

0_0
YYy—=nmn
— 20 - — —_ 3
=] r — Bellucci, Gasser and Sainio (1994) 5 E
~~ r 24oop ChPT predicted range = — Vs =24 GeV

.ﬂ 18 L Gasser, lvanov and Sainio (2005) ;

: - @ J 7 (oV
- - m D.R.- s, = 0.5 mrz :g Vs = 1.02 GeV
—_ 18 = Pennington (1993) ;_ 102 !
xR C D.R.=-s =2m2 =) F dN L dL , 55 — X
(] 14 Pennington (1992) = ~ Hint O(aa )
3 : dw,, dw,,

L _F
12

8 10 F
CA): 4

b —o— i n’, £,(980), a (980)

8 .
1 -

6

4

5 e Crystal Ball (1990) -1
2 - 7 4 JADE (1990) - arbitrary normalization 10 E
0 P IR TN T TN TN Y TN TN Y TN NN TN WY TN T Y TN TN S SN AN T SO S P L " "
300 400 500 600 700 800 500 1000 1500 2000

W,H( MeV )

W,, (MeV)
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KLOE: yy—0o production efe s ete o etenome,

event yield with 250 pb-L:

T 102 _ ~
< :\\ solid: E,,,, = 510 MeV S
- [\ dashed: E,,, =500 MeV — 107 — m =541 MeV, T, =252 MeV
= 1o \\ :: ‘ N eenono[300,800]=2.5x104 events
T N\ 2
= ™ =10t
= -
L5 \ M =
M | z
Q‘: -1 = 10 " . \
10 — m, =478 MeV, ' =324 MeV Y
N eexorol300,800]=3.3x10* events
10 o 1 ; — mg= 600 MeV, ;=350 MeV
i\ . N eenono[300,800]=1.6x10" events \
- it L I e PP [ EPEPEPEPE BT . AP IR BRI I M EIPIPIP IPIPEEPE I IPEPIPIPS B
100 200 300 400 500 600 700 8300 900 1000 100 200 300 400 500 600 700 800 900
W (MeV) “.TV (MeV)

nmtn~: too much background from ISR/FSR

No loss in statistics from
1020 MeV to 1000 MeV

nOn0: expected (not interfering) background:
ete- — wn’— minly
+o— 0
e e — WYgr— TYYsR
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Tagger for yy physics

« ¢* tagger needed to reject background

from ¢—=KK; (K, lost, K¢—=mnn
S/B ~ 10-3-10-4) and to improve
resolution on W,

« 2 detectors:
— LET (Low Energy Tagger)
Crystals + SiPM
op/E=5-10%,0,~2ns

@ E =200 MeV

— HET (High Energy Tagger)
uses dipoles as e* spectrometer
position detector needed (o < 1mm)
@ 11 m from IP

E.' (MeV) E, (MeV)
LET (165 - 235) (275 - 345)
HET (330 - 390) (120, 180)

* Coincidence will cover the interesting W, range
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BR of scalar mesons

6 -
s —4—| F -
| (KK molec.) (KK molec.-2)
4 :— —_—
i g
3 b—
[ (99)
s | 4 KLOE
1f
i CMD-2 (“99)
0 T I T B ...
0 005 01 015 02 025 03 035 04 045 05 R
x10
Br(¢—n'ny+xty)
10 =
o .+ Escribano (‘06)
- n—-—-—- Palomar et al. (‘03)

s

ol

‘f

7 'R mblec.) | KR molec.—2)
SF | @D

3 W L

a | ¥ kLoE (N—>rn'n’)
3| » KLOE (—1Y)

2 | | . SND (“00)

1 b CMD-2 (‘99)

o E

E ||||||11||||:_‘_J||||[||||||||||||||||||||||||l||||
0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 0.225 0.25

Br(¢—na’y) w0

5t Escribano (*06)

sk Palomar et al. (*03)—

SND (‘00)

CMD-2 (99)

1 L

PRI R —
0 0.02 0.04 0.06

L

.l...:: PEETERT I BT R PR IR
008 0.1 012 014 0.16 018 0.2 ,

x10
Br(¢—>n'ny)

qq: Achasov-Ivanchenko NPB315(1989)

Close et al., NPB389(1993)
4q: Achasov-Ivanchenko NPB315(1989)
KK molec.: Close et al., NPB389(1993)

Achasov et al., PRD56(1997)

KK molec.-2: Kalashnikova et al., EPJA24(2005)
Palomar et al., NPA729(2003): UxPT
Escribano, PRD74(2006): Linear o model
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Couplings of scalar mesons

SUQ)
4q qqbar
(8uk+K-/ Eamn )2 0.6 _ 0.7 1.2 _ 1.7 0.4
SND (2000) : 1.8 +2.5
(8K /Btmen ) 4.6 _ 4.8 >>1 [>> 1 (fo=ssbar)|l/4 (fo=nnbar)
 [CMD-2 (1999) : 3.61 = 0.62
SND (2000) 4.6 £0.8
BES (2005) 4.21 +0.33
(gﬂ<+l<_/gal<+K_)2 4_35 1 2 1
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Light scalars in ¢ radiative decays @! @

~450 pb~! of e*e~ collisions @ v s=M,

Contributions from ¢— Sy, with S=f,(980)/ o(500)/a,(980) searched for in
ny, Nty final |, state. Large and partly unknown continuum backgrounds,
with sizable interference

Both BR(¢—Sy) and scalar mass spectra are sensitive to scalar structure

Y
Kaon Loop x
S : .
Fit params: Dipole transition (E. *) dumped
o — p by loop function, KK channel
K 7 M, 8o 8skK | opening taken into account
[N.N.Achasov, V.N.Ivanchenko, NPB315 (1989) 465]
[N.N.Achasov, V.V.Gubin, PRD 56 (1997) 4084]
[N.N.Achasov, A.V .Kiselev, PRD 68 (2003) 014006]
n
No Structure : .
S Fit params: Dipole transition (E,*) dumped
” T My, 500 S5 SSKK » by polynomial terms, KK channel
s 5 opening taken into account

continuum (polynomial)
¢
y [G.Isidori, L.Maiani, M.Nicolaci, S.Pacetti, JHEP 05 (2006) 049]
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The ™y final state KLOE, PLB 634 (2006) 148 @

K

*» efe— mrmy events with the

photon at large angle (45°<0,<135°%) = '/ :
o S ANYY
“* Main contributions: ISR+FSR - T
“ Search for the f, signal as a deviation ™ " Jy(®80) region
on M(zmttm~) spectrum from the oo zm) (Mev)
expected ISR + FSR shape
Fit result (KL)

4000

** e“e7y bckg events rejected using EMC |, ]
wru~y and Y bekg suppressed e

. . 2500
by means of kinematics 200 =

1500 =

“* 676,000 events selected (2001+2002) w0

0: s s s SN B S R SR | P MR |
500 600 700 800 900 1000

M(nn) (MeV)
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ntrey: Forward-backward asymmetry

A(ISR) is C-0dd

%* Clear £,(980) signal

“ Data-MC agreement recovered

also at low M(mt)

[Pancheri, Shekhovtsova, Venanzoni,
PLB642(2006),342]

<* Improved simulation with f, and

o parameters from n’zx’y analysis

[Pancheri, Shekhovtsova, Venanzoni,
arXiv0706.3027]

O_I>| KLOE

{/T\\ Cmt: +1

o &) (
\-\_n /

e
>

o
[V

F.B. Asymmetry

©
—

-0.1

,) A(FSR), A(Sy)
are C-even
_ N(@, >90°) - N(¥, <90°)
TN, > 90°) + N(9, < 90°)

3F o KLOE 1T*1ty data +-
- “
i + I-L,,*,#.
% f0+0' ,L*' ;
el o f,+c+VMD &
- <+

i
Uosl U.j Uast U-g U.: U.g U g f

M(mt.) (MeV)
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The J'COJ'I:OY ﬁnal state KLOE, EPJC 49 (2007) 473 @ @
0/}
Two main contributions to sty final state @ M,:
o~ 1 3 0.6 r (I)_)Sy_)JtOJtO-Y
> Vs =1019.6 MeV CO
= 04
N@/ osl ~ 400k events o ° N
Ef__;- | o 0.2 - # +
05 T T e e
Vs (MeV)
i 10 ~ 08
04 B ] @ o
d 07 | e
[ i o #
o2 06 b #
: _El 0.5 — i“‘ﬂ e+e'—>0)3t0—>3t(’31:0y
0_'6'.'"61'"6{""0{4"'b.s'"bfé"bj"b.é"6.9"'1 & O orb ors Tos 1016 Tois osb 1055 1ot 1025 1038 T30
M, (GeV?) Vs MeV)

Bi-dimensional analysis of Dalitz-plot, with interference between two channels

Improved KL parametrization [PRD73(2006)054029]:
combined fit to mm scattering data and to already published KLOE data on
¢—>Sy gives ten sets of parameters able to describe both distributions
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KLOE: efe J'EOJ'IIOY KLOE, Eur. Phys. J. C 49 (2007) 473 @ @
KLo

Fit to the 7’z Dalitz plot VMD diagrams

T
do i do . d_O’ do \_/ 2(1) e\_/ 2(1)
dm dm VMD dm interf ¢~

A/p Ip \ q)/w/oo /oo
T1(2) e T1(2)
¢ Fit Dalitz plot with both No-Structure and Kaon Loop models for
data taken @ 1019.75 MeV

¢ Improved description for KL [N.N.Achasov, A.V Kiselev, PRD73 (2006) 054029]

dm ).

v’ Insertion of a KK scattering phase

v New parametrization of s scattering phase §,°

v" Scalar contributions: f,(980) and c(600)

v Combined fit to st scattering data and to already published
KLOE data on $—SYy gives ten sets of parameters able to describe
both distributions
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KIL.OE: e"'e‘—)g'[;Oﬂ;OY KLOE, Eur. Phys. J. C 49 (2007) 473 @ %
Ko

Improved Kaon Loop parametrization

Combined fit to KLOE 2000 + stz scattering data |
2

00¢

150¢

dBR/dM._ (KLOE 2000 data)

100¢

50¢

Ot

-50

[US I - & s N o
o o o O

(N}
(-

dBR/AM,__ x 108 (MeV-!)

-

300 400 500 600 700 800 900 1000
M. . (MeV) 0.9
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° OE, Phys. Lett. B 634 (2006) 148
S —>JLJt. ﬁt results gOE, Eui,'. Phytst. J. C 49 (2007) 473 @K
KL fit results:

&~ Parameter Y nOnly
n0n0: 6(600) [fixed values] 3 e
needed to describe data = Zok (GeV) 5.0—6.3 3.76.+0.04"%15[ 116
T not sensitive to 0(600) & g (GeV) 3042 - 1.43:£0.017300 "0
ok Lo 22238 6.9 0.172 [
both channels: f,(980) &, ‘arameter T ey
= M, (MeV) 973—981 984.7 + 0.47%4
strongly coupled to KK E Eocx (GeV) 1623 0.40 £ 0.0475
= gy (GeV) 0.9—1.1 1.31£0.01°%
NS fit results: L Bl B 26744 0.09 2 0,027
both channels: only f,(980) & &u(Gev?) 1220 2.610.02%5;

sufficient to describe data Confidence intervals given by exp. systematics,

except for KL in the ' channel (theory)
'r’ vs wrr larger g g,
but weaker KK coupling Marginal agreement between n¥w" and sttm-

BR(¢p — Sy = n'n’y) = [1.07 55 (fit) g, (5yst) g o (mod)] x 10~
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nN—ntnete : data-MC comparison

¢ bekg ¢ bekg

90 ‘ % O Data L O Data
Signal MC 102l H Signal MC

80 - %} L Cont. bekg | O Cont. bekg

-1 -08 -06 -04 -02 0 02 04 06 08 1

300 350 400 450 500 550
M cosﬁm
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1~ gluonium content

KLOE, PLB 648 (2007) 267 @ %
KLo

Formal parametrization for )" gluonium content measurement:

s§>+Zn,

n'>=XW,%‘uE+d¢7>+Yn, glue)

n> = coscpP%‘uﬁ+dJ>—sin¢P‘s§>

N
Using SU(3) relations between

decay modes and the corresponding

measured BRs:
XN, ~1.42/2

cos’p; = 0.86 + 0.04
cos’p = 0.592 + 0.012

o

Pp=(39.720.7)° |bo|=(22£3)°
72,.= 0.14 = 0.04

X, =cosg¢;sing,

Y, =cosg; cosp,

Z, =sing,
1 r 03
0.9 — ------ T(n'—>yy)/T(n’—yy) °
0.8 | - I‘(n'—>pv)/r(m—>n°yi:
0.7 -~ R(KLOE) o1
0.6 —— I'(n"—oy)/T ((D_’“OY)v ‘—‘l“““‘ !

05 |
04 f %
03 |
02 |
0.1 f

0 B

P
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(y4xvis (nb)

vis (nb)

Ty

6]

PLB 669 (2008) 223 @ %
KLo

+,— 0

o(e*e—wn’)

Interference pattern between non-resonant e'e—mn and ¢ decays:
M,T, ‘ Model indep. o,(Vs) :
o(/g)= o, (/;) 1-7 ;
D, ‘ 00(\/§) =0,+0 (I—M¢)

Fit results:

Parameter AL ) ol 00y

g, (nb) 7.89 £ 0.06 + 0.07 0.724 = 0.010 = 0.003

RA(Z) 0.106 = 0.007 = 0.004 0.011 = 0.015 = 0.006

S(Z) —0.103 = 0.004 £+ 0.003 —0.154 = 0.007 + 0.004

o’; (nb/MeV) 0.064 = 0.003 + 0.001 0.0053 = 0.0005 £ 0.0002

From I'(w—n%)/T'(w—*-n’) + unitarity using rare BRs (~2%):

BR(w—m*nn) = (90.24 = 0.19 )%
BR(w—n%)  =( 8.09 = 0.14)%

T

0 00
BR(¢ — wn’) =

Z.. ‘2 =(5.63+0.70)x 107

¢ OZI + G-parity violating
SND(2000) : BR(¢p — wr’) = (5.27)x 107

89

88.5

- ete— O _
000 100 1020 0%
s (MeV)

- etem—ninly .

2 I X

: b b "

1000 1010 1020 1030
Vs (MeV)

PP
8.75

o o5
BR(®»—7Y) (%)
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Klo

19%10° 1) from ¢—my. Tagging: recoil monochromatic photon (363 MeV)

a =-1.090 = 0.005 (stat) X (syst
M?|=1+a¥ +bY +cX +dX* +eXY + fV° (sta0) _o.0 (S¥S0)
o o b= 0.124:0.006(stat) = 0.010 (syst)

e T d = 0.057 £0.006 (stat) *2V7 (syst)
S ey f= 0.14=0.01(stat) = 0.02 (syst)
¢ ¢= 0.002 = 0.003 (stat) = 0.001 (syst)

e e = —0.006 = 0.007 (stat) "% (syst)

=gt Lowest order current algebra (b=a%/4)
' not satisfied

Békg. Contamination ~ 0.3% . .
C-parity conservation

Borasoy-Nissler, Eur. Phys. J. A 26 (2005):
=-1.20=0.07 b=0.28=0.05 c=0.05=0.02
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p|KLo

C-parity conservation tested also with the charge asymmetries:

L/R Q S
: - Left-Right C-invariance

‘ Quadrant C-invariance in AI=2 amplit.
| Sextant  C-invariance in AI=1 amplit.

(see J.G.Layter et al.,Phys.Rev.Lett.29 (1972) 31 6)

f =2 I =1
A . = [Jl—]J_ A= I\]:”'I\]'_;;—I-‘I;‘]-J._'_ A. - I\]:”'I\]:\*’ ]\]5" lJ_"J_ﬁ[.I»
LR~ . Q- 5=
Ny + N, N+ Ng + N+, N+ Ny + Ns + No+N,+N,

A, =( 0.09=0.10 (stat) 3, (syst) )x107*
A, =(-0.05=0.10(stat) *;: (syst) )x10~*

-0.05

A, =( 0.08=0.10 (stat) )73 (syst) )x10~2

-0.13

All asymmetries consistent with zero at 103 level
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KLOE, arXiv:0707.4137

N—mn' dynamics PRELIMINARY @A

Dalitz plot density described with a single parameter: [A> x 1 +2 a z

23 (3E -M ? 0 2 E;, :Energy of the i-th pion in the n rest frame
zZ=— - = p : Distance from the center of the Dalitz plot
34|\ M, -3M ; .
= 1 Jr P max Prax - Maximum value of p

17x10° n from ¢—m)y. Tagging: recoil monochromatic photon (363 MeV)

Three different purity samples of photon pairing into mt:
1. LOW Purity =75.4% , € =30.3%
2. MEDIUM Purity =92.0% , € =13.6%
3. HIGH  Purity=97.6%,¢c= 4.3%

. +0.004 Systematics related to
a = _0°027 x 0'004stat—0.006 syst different purity results

Current best measurement from Crystal Ball: o0 = —0.031 % 0°004stat+syst

Chiral unitarity approach calculation [Borasoy-Nissler,Eur.Phys.J.A26(2005)]: Ot = —0.031 = 0.003
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KLOE: n—a’% dynamics PRELIMINARY @?A

KLOE, arXiv:0707.4137

Systematics: Low Pur. Med. Pur. High Pur..
OgySt(-l()_B) Ugy”‘“t(-l()_‘g) oYt (-1073)

yenergy |RES = = 3

resolution | p ange 4 4 343
Purity —-1+43 +4 —4
BKG 0. 0. —141
M, -1 ~2 5
Total —10 + 3 —6 +4 -8 +3

Previous preliminary KLOE result: o =-0.014 £ 0.004,,,, = 0.005
New preliminary KLOE result: o =-0.027 0-004“3:3:3?,:”“

The M, value used in generation was taken from PDG, 500 keV less than new KLOE
measurement. This gave larger accessible phase space in data, and thus a higher value
of o.. Now the difference is properly taken into account
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A flash on n—nlyy @@JK

ChPT “golden mode”: p? null, p* suppressed, p® dominates
KLOE has presented a 30 signal (only 1/5 of full statistics)

BR(T'_)WOYY) = ( 8.4 £ 2°7stat + 1'4'syst) X 10_5
w0 | +data CB@MAMI-B: BR = (22.5+4.6+1.7) x 10-5
| cxpected bekg J( CB@AGS:  BR=(22.1+24+3.8)x10"
140
120 | J( J( H ﬁ Analysis repeated with 1.5 fb-1
100 | JU[ J( + (2005 data):
w| Tty
60 }Jrﬂjr I > the signal is confirmed
Hy |
20 | Tt .| | > BR updated result with the full

0 B0 460 130 500'520 540 550' 530 600" sample will have ~15% error
M. (MeV)

YYYY
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Measurement of ) mass EPJC12(2007)073

% 17x10° 1) from ¢—n)y: Kinematic fit applied on ¢ —yyy events
% 1 and nt’ selected by looking at different Dalitz plot regions

10 3 300 i ﬂMWWT 2.1 MeV
250 i wﬁ {

=
a
ey
10 2 ; 200 | {m { LW”
10 g 100~ #ﬁjf W’W
y it M»ﬁw
L N 1 T - - T ¢ s sassastssel s
mz’yl’yz GeV? s Mava MeV
Mn = (547.874 = 0.007 = 0.029 ) MeV t KLOE GO0 =
3 [ CLEO (2007) —s—
Mass scale checked with M_: 1.4 0 from PDGO06 2} ~+~GEM (2005)
. . . . E NA48 (2002) —o—
Systematics dominated by uniformity of the :
detector response Q75473 SaTA SAT6  SATE 548
M, (MeV)
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