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* o(ete— ¢) ~ 3 ub @ V(s) = M(¢) = 1019.4 MeV

« Separate e*erings to reduce beam-beam
iInteractions

* crossing angle: 25 mrad, P,(¢) ~ 12,6 MeV/c

« Bunch crossing every 2.7 ns

* injection during acquisition

1400

IL dt
pb™ 2005: 1256 pb

2004: 734 b Data taking ended on March 2006
ot 2002: 320 pb! 2004 ) _
N > 2.5 fb1on tape @ \s = M,
(8x10° ¢) =~ 1081 =~ 5 x10°n’
» ~10 pb1 @ 1010, 1018, 1023, 1030 MeV
» 250 pb-1 @ 1000 MeV
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Beryllium beam pipe (spherical, 10 cm &,
0.5 mm thick) + tile calorimeter
surrounding magnet quadrupoles

Drift chamber (4 m & X 3.75 m)
- Gas mixture: 90% He + 10% iso-C,H,,
- 12582 stereo sense wires

- almost squared cells
op,/ p, <0.4% (6 > 45°)

C,, #1530 um ; G, =2 mm

Calorimeter

- lead/scintillating fibers (1 mm &), 15 X,
- readout by 4880 PMT'’s
- 98% solid angle coverage

G. / E=5.7%/(E(GeV))
O, = 57 ps / V(E(GeV)) ® 100 ps

Superconducting coil (B =0.52 T)
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n/m° mixing

n/n’ mixing and gluonium R LR
_BR(¢—n'y)

) x 1073

= (4.77 £0.09__, +0.19

syst.

* " BR(¢—mny)

n and n' decomposed in the quark mixing base
J.L.Rosner, PRD 27 (1983)1101

= Nn—-n' mixi | .
0, = M—1 mixing angle an = sin ¢, cos 0,

M%) =X |q@+Y |s$)+Z|G) Y =cos o, cos 0,
M) = cos 0,|qd) - sin ¢,|sS) @ = sin @gluonium content

0= (39.7 £ 0.7, Imposing Zg =0 — P(x?) = 0.01
P = YT ot

Z2=(0.14 £ 0.04) Parameters from
p(xz )= 49 %, Bramon et al. PLB 503 (2001) 271
where Z; = 0 is assumed

Gluonium at 3 o
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n/m’ mixing

n/n’ mixing and gluonium JHEP 108P 0609

NEW FIT USING: PDG 2008 + KLOE results on o + 5 constraints more

WITHOUT GLUE WITH GLUE

(Zg)?| fixedO | y2/dof | 14.7/4 | | (Z5)? | 0.115£0.036 | y2 /dof | 4.6/8
Op |(41.420.5)°| p(y2) | 0.005 Op | (40.4£0.6)° | p(y2) | 0.20
Pulls = (Meas-Fit)/c

Measurement
0 M=y @ =)
(' =y —yy) M=M=y
' 0
| RO R (00 S— L —py(@—m'y) I
FO=N"T0=MY) m— F(n ! —)YY) L=/ (o—=ny) -
I o l“(n'—:tw}'_lfl“(m—m"y) —
TN = O/ T (O e (1
T —> . e 0
l"(jw—n]"f)!l"(u)—mov) I ( YY) [w—npT (o= I
. . ) 0,
T(p—nT(0—1" - D(p -y (1"
. R 0
LT/ (@'Y L(@—n/ (@—n"y) -
* AT (- PT(@—7"y)
(- M (O—TY)
* # LEs + # L}
MK =KWK "=K") MK " —=K'WH(K =K'

3 -2 -1 0 1 2 3

3 -2 -1 1 2 3
Agreement with old results: Gluonium at 3 ©
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n/m’ mixing

n/n’ mixing and gluonium JHEP 108P 0609

NEW FIT USING: PDG 2008 + KLOE results on ® + 5 constraints more

N r Tip—n"p/o—m [(o—mp/(w—sa )
045 F
(Z5)? | 0.115 £ 0.036 0.4 .o
O p (40.4 £ 0.6)° 0.35 '
Z, 0.94 + 0.03 03 |
Z 0.83 £ 0.05 s |
by | (3.32£0.09)°
m/ m| 1.24 £0.07 M5 ¥ y
01 [ T —ppM(m—n'y
y?/dof = 4.6/3 BiAS: |

30 32 34 36 38 40 42 44 46 48 .S[l

P(XZ) =0.20 P, degree

Agreement with old results: Gluonium at 3 ©
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n-onnete”

N — T eTe decay
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' n structure, using virtual photon

v Angular asymmetry between e*e- and n*n~ planes:

A = Naiﬂﬂpms(p::-ﬂ - Nainﬂ}mstpﬂ{}
“ li_ —

N

sinpeos( =0 + Nsinﬂ;:ms(p-::{}
test of non-CKM CP violation [p.cao, Mod.Phys.Let

Within SM constrained by BR(h— n*r):

* using experimental upper bound: A, < 104

» using theoretical predictions: A,~ 105

The unconventional CPV term increases A
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n-o>ntnete

t—ata—. -
N — T € € :event counting T TOrE

| O Data

Data sample: 1.73 b 25“;:ggg;gbckg
. M Signal MC

v PID con ToF EMC info 20

v Fiton M__.. side bands for background 150 |

v Photon conversion on Beam Pipe rejected
Counting on M___ in the signal region:

nnee i
Nmee = 1 555 * 52 (368 bCkg thS) " ' 1..'
. . . 0 %00 510 520 530 540 550 560 570 580590 600
Analysis efficiency: 8% M, [MeV]
2aL,L 7 O Data 3__ O Data
o . o O

Il Signal MC | Hl Signal MC

150 |

125 |

100 |
75 |
50 [

25 |

100 120 140 160 -1 -08 06 -04 02 0 02 04 06 08 1
M, cosO_,
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A,

1

n-o>ntnete

—> T ete : results KLOE PLB 675(2009)283_

BR(n — n'nete (y) = (26.8 + 0.9,,,, + 0.7 _ ) 105

40

30

20

10 &

O Data
250 [ Cont. bckg
M ¢ bekg
M Signal MC
® @ 200
Py [ ]
[ ] E ] 1 150
® 2
100
2 © & £ & 9 £ 2 = S0
2 H 2 3 T /5 E E €
0 F &4z 32
S = > B R Q0.5 -04 -03 0201 0 01 02 03 04 05
i E U u -
= & cos(
Nsinipmsip':-hﬂ - Ns.inu;:mstpc:{]' A O 6 2 5 1 8
= (— + +
Nsinﬂ;:mstp':--ﬂ + Nsinupms(p =0 (I) ( stat SySt
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n—eteete-

n— eteete- decay KLOE preliminary
. Data sample: 1.7 fb~

. Photon conversion on Beam Pipe

and Drift Chamber wall rejected 350 [

. Remaining background from ¢ 300 |
decay is subtracted 250 In progress

Preliminary fit to M____ distribution 00

with MC signal + continuum 150 |

background shapes yields: 100

50

450 500 550 600 650
M__ [MeV]

eeee

Negoe = 413 + 31
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The Box Anomaly
In the n—>n™ny decay a significant contribution
from the chiral anomaly responsible for n—yy
decay is expected
Studies of the two pion system allow for tests of
ChPT and its unitarized extensions, e.g. VMD or
the chiral unitary approach.

Existing data
Low in statistic and not acceptance corrected.
Not sufficient for unambiguous theoretical
interpretation [(x* 7 7) /Mt 7= 0)
VALUE EVTS

Holstein, Phys. Scripta, T99 55 (2002)
Benayoun, Eur. Phys. J., C31 525 (2003)
Borasoy, Nissler, Nucl. Phys., A740 362 (2004)

Gormley, Phys.Rev. D2 501 (1970)
Layter, Phys.Rev. D7 2565 (1973)

M10/T9
DOCUMENT ID TECN  COMMENT

0.175=0.0070.006 859
0.209=0.004 18k
0.201=0.006 1250

0.20210.007 OUR FIT  Error includes scale factor of 2.4.
0.203£0.008 OUR AVERAGE  Error includes scale factor of 2.4. See the ideogram below.

LOPEZ 07 CLEO v(25) — J/iy
THALER 73 ASPK
GORMLEY ~ 70 ASPK
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KLOE preliminary

No kinematical fit, signal selection with help of kinematical
constraints from consecutive decays i.e.

. 0Ny, NOTTTN

O, moyy

Missing mass to (¢ — t+ — 1~ — y¢) system
Opening angle (y,' v,?) in the ©t* rest frame
Eff = 40 % with BKG/SIG = 0.5 %

_|_ —
. (I)_”Wa n—o mnmny
Similar cuts ( (E—P,) instead of missing mass, angle selection)
Eff =29 %, BKG/SIG =10:1

Data sample: 1.2 fb~?

I'(n—ntn~7)

['(n — ntn—70)

=0.2014 = 0.0004

stat
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n—3n0

n — nonorn’
The decay mn - 3=n violates iso-spin invariance and it is

Induced dominantly by the strong interaction via the u-d
quark mass difference. In the chiral expansion:

2 . m2_r’ﬁ2
A(s,t,u)zéﬂ(mz—mﬁ)M(S’t’“) with Q2= —

2 T

m; 3./3F? m; —m’

The Dalitz plot density corresponding to the intrinsic n—->r’n’zY
decay amplitude is approximately described by

|Al? < 1 + 20z
with:
23, 3E, —m 2 Precise measurements of
7= §Z(m 3m77 )’ = ,012 ['((n—3n’) and o are important
i=1 no 0 max

tests of yPT calculations
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db—ny, n — n'n’x’

« Selection:
/ vy candidates
Global kinematic fit

n pairing
Kinematic fit with n° and n mass constraint (M, = M(n), o)

« MC sample generated according to o = -0.027 o _
KLOE preliminary arXiv 0707.4137

 Corrected for the Data-MC discrepancy in the photon energies resolution

in the =° rest frame. os ™ 000804 g 00100
3 different purity samples 1'.05: | * | { | * |
LOW Purity = 90.4%, € = 21% ‘+ 1 l| T| ' | + I| + T‘
MEDIUM Purity = 95.0 %, €= 14% oot | { |
HIGH Purity = 97.3%, € =7% oo
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Using 615000 evts and fitting the Z distribution in the range [0 + 0.7]:

o = -0.0301 + 0.0035,,— 0.0036  + 0.0022

- o o
0.01:—
u; ———————————————————————————— _... ________________________
- ¢ ®
-0.01:—
0.02F
11113E + 1 + + *
0. E_ + * ()
004F e * Experiment: a = —-0.031 + 0.004
% 3 g 8 = = % £ % 2 i ¥ 5 « KLOE, CBall and WASA consistent
s 829855 & Bi + ChPTLO: 0= 0
g3 $ 4 a : « ChPT one and two loop: a >0
5§ % i g * Quark masses from n - OO
O Q
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Conclusions
Conclusions

* Gluonium content confirmed at 30 level in 0" using the Rosner
model.
 BR and the first measurement of asymmetry in n > n'nete-
decay:
BR =(26.8 £ 0.9g, £ 0.7g,) * 107
Ad = (0.6 £ 255, + 1.8g,5) * 102
 First observation of the n — ete"e*e~ decay ~400 events
 New measurement of the slope parameter o
o =—-0.0301 £ 0.0035stat - 0.0036 syst + 0.0022 syst
* New analysis has been started on n—>ntny. Preliminary

results on the ratio of BRs 102%™ _ _ 5014 + 0.0004_,
I'(n > ntnnO) sta

Other analysis in progress:
n—> 7y, NP, N nttm, N>ty
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DADNE and KLOE upgrades

New machine magnetic scheme:

crab waist

= 5x10%2cms’

W= > fL —15pb

- '/day
%J AEENT : :L"‘I}
S | TODAY
S STEP-0 [2009]: 5fb!
&y vy tagger
-g e :— .‘RA - - . -]_
R e CPMES STEP-1[2011]: >20fb
] | e Low Angle Calorimeter
a5 | A pr— Quadrupole Calorimeter
drrwr - : rﬂ i AT, Cak i
o Sy OE-05 Inner Tracker
o b & == FEERCNRIT Frrvudly bese
- = e : .-"J‘M"'J'E{Fﬁfh Ko ey

L [k O] b .2F £ 2F f.7 ) £ i | 2 F

1 20 -Amp?#Ebunch

New interaction region:
larger crossing angle
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KLOE-2 perspectives on eta - eta’ physics

Refinement of rare 1 decay measurements

Improve resultonn — n*n-e*e BR and CPV asymmetry
Form factor studies

Decaysm — eey, 1 — uuy, n — eeee

Comparison between n — nnee, n — eeee,  — uuee channels
Test of theoretical calculation

High statistics study of the process n — n’yy would allow to
strongly test ChPT O(p®) calculations

Open a window on 1’ physics
Measurement of the all main ' BR's together with ' decay
width o(ete” — ete” yxyx — e*e 1’ ) at 1% precision would be
necessary to solve the gluonium puzzle
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5 more relations added

* I'M' =T (=Y
*I'M'—=py/T(@—n")
oy . Parameters
* I'(M'=oy)/T(0—7")
* [ (0—ny)/T(0o—1") > Zs» Zqr Oy, MM
are left free

* ['(p—MYVI (w—7")
* [ (0—=NY)/1 (w—7"Y)
* [ (0—=7"V)/T (w—1"Y)
o [(K**—=K7)/T(K**—K"%)
The new result includes the recent KLOE BR measurement

BR(w — n’y) = (8.09 £ 0.14) % [PLB 669 (2008) 223]
and the lattice results for decay constants ratios assuming exact isospin symmetry.

In addition the fit has been updated with all recent measurements from PDG'08
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BR(06—n'"y)

R, = BRSmy = (477 0.09,, +0.19

it

x 107 |PLB 648 (2007) 267

syst. )

Experimental inputs: Theoretical parameters
. R¢ Z,Z,0,,m/m
Cent o taken from
M= T=7) Bramon et al. PLB 503(2001) 271
I'(M'=py/T'(0—7") where Z_=0 is assumed
s I'(M'—oy)/T(0w—>1%)

Zq = {nq|mq“—:‘f{n|mq} = {nq|p}f*~‘iir|p:>
Z, = <n,|o>/<ml|p>
0, IS ¢-w» mixing angle

0,=(39.7 £0.7)°
(Z.)?=0.14 +0.04
P(x2) = 0.49

EINN 2009 Milos 27/9 — 02/10 n/n @ KLOE



KLOE Phys. Lett. B648 (2007) 267

0,= (39.7 +0.7)°
10| = (22 £ 3)°
sin%0_= (Z_)>= 0.14 + 0.04

Only ¢, and Z are free

['s used in the fit

4 measured quantities including
n' — vy /7 —yy

Data from
PDG'06 and KLOE R, '07

Escribano-Nadal JHEP 0705:006, 2007

0.= (41.4+1.3)°
0] = (12 £ 13)°
sin%o_= (Z.)?= 0.04 + 0.09

All theoretical parameters are free
Couplings used in the fit
12 measured quantities without
n' — vy /=’ —yy
Data from
PDG'06
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Z: m? —m
(7' I 0,)=3_ZNs | 7 ,
(7' > py)/Tw— ) o [mi -

NN N
3| 3
)
N
w
>
=N

m

0(7' — 77)/T(7° = 7 )= %[m—j (SX +J_ oy T

1 m 2 —m? m ’ m 2
F(ﬂ —>a)7/)/F C()—)ﬂ' ]/ — [ 620 a)J '(ZNSXU’_i_ZTSZS .tan%Yn,)
3 7Z mq’ m
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n— ninete

Event Selection

« 2 4 tracks from the Interaction Point
* 1 high energy neutral cluster (E, 2 250 MeV)
* 0 medium energy neutral cluster (50 = E_, < 250 MeV)

rack Selection

 Tracks are required to came from a cylinder around the IP:
R<4cmh/2=10cm
» Check on broken tracks is applied: APy < 4.5 MeV AP, < 3 MeV
= 2 positive and = 2 negative tracks are requested
 Tracks are ordered by momentum:
higher momentum — pions lower momentum — electrons
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No kinematical fit, signal selection with i —
. . . 2000 | _F
help of kinematical constraints from 1800/ e sianal waT
. . | MC background n decays
consecutive decays i.e. 160" MC backgreund ather
141][@_
[l] — .-r]--\.“,;l| T] —_— TE+TE— TE“, TECI_:, ﬁ‘h" 121]I:I-§
1000 |
suug
O—=mny, NNy €00 -
amn;—
200 -
g‘I.l-;ll] *El]-. : 1] = S50 1IIUJ I_'l'."ll'lll 200
For n—"m=n *nw?: Missing mass
10" —_— ALLMC

« Missingmassto (¢ —n'—m —7,) system

« Opening angle ( ’*,’n' “,f} in the 7t° rest 10
frame

Eff = 40 % with BKG/SIG=0.5% *

——— MC signal —x+x-al
= MC background othar
M bachground eta decays
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Forn —n+m-7y:
« Similar cuts ( (ET—PT) instead of missing mass, angle selection)

L5

Eff =29 % , BKG/SIG =10:1
surviving background [E’TTE_TE_TE':'
different topology in yydistributions

simultaneous fj_t 1o both spectra
\

experimelﬁal data
— ALL F.{C:
—_— Pfé signal n—m+n=-y
MC all background

10°

10*

10°

10’-;—

1[ 10
IIIIIIIIII 1__ |III ||

-— experimental data
— ALL MC
—— MC signal r—n+ms
—— MC all background

_||||I| ||I|| |I||||I 11 |
0 100 200 300 400 500 600 700 800 TR
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I'(n—mary) /I’ (q—arna’)
(based on 1.2 fb! data set)

l|f’?—?‘#}:l iy

L(p — 7t 7)

ll)

= 0.2014 £ 0.0004

stat

results from '70s.

OQUTLOOK

 Qur preliminary results agrees with PDG values, confirming old

« We are evaluating systematics, aiming at value < 1%

« Cuts on MW and CDS(“;Q“,*H) in the n° rest frame will allow for significant

background reduction

« Plan to use full KLOE data set (statistical precision ~0.15%) and
investigate in detail the n*n~ invariant mass distribution and photon

energy spectrum in order to disentangle non-resonant contributions
and settle the inconsistencies of previous measurements.
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Tagger for yy physics

e e* tagger needed to reject background
from ¢=>KgK| (K| lost, Kg—nn gy
S/B ~ 10-3-10-4) and to improve | of
resolution on W._

o 2 detectors:

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

@ E_~200 MeV

E.' (MeV) E, (MeV)
LET 65 - 235) (275 - 345)
HET (330 - 390) (120, 180)

— HET (High Energy Tagger)
uses dipoles as e* spectrometer

position detector needed (¢ < 1Tmm)
@ 11 m from IP

» Coincidence will cover the interesting W, range
EINN 2009 Milos 27/9 — 02/10 n/n @ KLOE




Search for yy » ¢(600)— 0r° KLOE preliminary

» Long debate about the experimental evidence of the o(600) meson

» Evidence for a ™~ bound state from E791, CLEO, BES

» Values of mass and width with large uncertainties

> Indirect evidence in the e*e—»nq% Dalitz plot analysis @ KLOE

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

1 1 © a2 @A
ete— ete—m0nd Fit with bckg components only: x4/N,=441/94

3 I Total background
35 F i
: . 3 L l| | L | o-ny->nonOndy
30 | 1 ‘ A _
L,
“ 1R i
- i' “ ‘| |'illl| | | | ! —>
A ULGHTRRC U
15 ' i } Jr'i* I[‘ ' T“l -
H lm { il = b=bo¥
0 I N
5F }[ TR qo j;JJ Ltﬂ-il}J J,Jf
F ok “f.-tq—rﬁﬂ‘:‘f':"“"":‘r*':-“‘“\‘rw*l-:";-‘::— ¥ P IR _LII"-"‘I‘r*';ﬁ_ o
“;mnH 300 400 500 600 700 $00 900 1000 1100 1200
4 (MeV)

Excess of events w.r.t. the known background in the yy—-o(600)-n7w region
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Dalitz plot analysis

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

2| 2 2 3
‘M \ =1+aY + bY +cX +dX* +eXY + fY a =—1.090+ 0.005 (stat) 2% (syst)

b= 0.124+0.006 (stat) % 0.010 (syst)
d = 0.057+0.006 (stat) *3 0. (Syst)

f = 0.14+0.01(stat) £ 0.02 (syst)
c= 0.002£0.003 (stat) %+ 0.001 (syst)

e = —0.006+0.007 (stat) *2o0 (syst)

Entries 1425131

a b d f
Bckg. contamination ~ 0.3% Tree -1.039 0.270 0.00 0.000
One-loop -1.371 0.452 0.053 0.027
NNLO -1.271 0.394 0.055 0.025
Dispersive -1.33 0.26 0.10 ---
Tree -1.10 0.33 0.001 ---
dispersive -1.21 0.33 0.04

Abs dispersive
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Asymmetries

C-parity conservation tested also with the charge asymmetries:

Left-Right C-invariance

L/R Q S
Quadrant C-invariance in Al=2 amplit.
' ’ Sextant  C-invariance in Al=1 amplit.
(see J.G.Layter et al.,Phys.Rev.Lett.29 (1972) 316)

A= Nt Ns-NyNg o, N+ N3 + Ns - Np+IN

i ke T N Ny + NN, T N N+ N+ | o+,
A, =( 0.0940.10 (stat) % (syst))x 107
A, =(-0.05+0.10(stat) *;o: (Syst) )x10~
A, =( 0.08+0.10 (stat) % (syst) )x 1072

All asymmetries consistent with zero at 103 level
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n—>nyy

ChPT “golden mode”: p2 null, p* suppressed, p® dominates

KLOE has presented a 3o signal (only 1/5 of full statistics)
BR(m—n’yp=(84+27 +14 ) x 10

mé " Data J[ CB@MAMI-B:BR=(225+4.6 +1.7) x 10
0 | Background : - . : :
ol ﬁ CB@AGS: BR=(221+24+38)x10°
20 J( + + er J[ Analysis repeated with 1.5 fb-!
100 1 i 1 1 } (2005 data):
o o
0 Jr ft + ” the signal is confirmed
40 JFJrJr
20 Jr+ H .
o bttt ~ BR updated result with the full
440 460 480 200 510 540 560 SE) 600 - o
M, (MeV] sample will have ~15% error
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, zz. (mZ-m’ m )
I(n —>p7/)/1“(a)—>7z07/)=3c08’2\'9;0v.[ E 7/2:. Q’J X °

2
F(ry —)7/}/)/F7z —)}/7/ %(m—j (5X +«/§ q j
1 (m? 2 3 2
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