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« DA®NE upgrade: 410 .
New interaction scheme implemented, N ol
large beam crossing angle + g 310” A
crab waist 2 5
.g 2 10%2 J_‘.ﬁ
E .
= Luminosity increase: factor ~ 3 ~ / S —
[ Ldt = 1 pb/hour * March 15" 2009
« KLOEZ data-taking starting in 2010 0
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Drift chamber:

f% l’\\i\ 4
+ gas: 90% He-10% iC,H,, @q X7 SEUE;}L\\\T? @
* 3p/p+=0.4% =

* 6,,~150 pm ; 6,22 mm \ E ———
: \ 2

Cryostat

* Oyertex 1 MM

E.m. calorimeter (Pb-Sci.Fl.): = g
» 65/E = 5.7% / V(E(GeV)) j

+ 5, = 55 psi(E(GeV))®100 ps
» 98% of 4~ \
Magnetic field: 0.52 T
| | | §
« KLOEZ2: two step upgrade //4 \u//// .:£ |y

1) taggers for yy physics 6 m
2) Inner tracker +
new small angle calorimeters
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Physics at a ¢-factory

« Kaon physics: |V, | and CKM unitarity, CP and CPT violation, rare decays,
yPT tests, quantum mechanics tests

 Light meson spectroscopy: scalar, pseudoscalar and vector mesons

- Hadronic cross-section via ISR [e*e™ — y (z"n™)]: hadronic corrections to (g-2),

* vy physics

Decay channel Events (2.5 fb?) 0 1- o+
K*K~ 3.7 x 10°
9 BR=83%
KLKS 25x10 i a0(980)
+ tr 0 . 109
SRR s BR=6.2x10°5 f3(980)
ny 9.7 x 107 :
= A T n'(958) & BR~O(104)
A X
R'Y - BR=1.3% p(770)
ny DXL BR=15.3%
6
iy L2z KL BR=1.3x10-3
nrly 5.2x10° y
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Light Scalar Mesons

« Motivation: the structure of the scalars below 1 GeV is still an open question
[ag , qoqq, KK molecule , ...]

 Radiative decays ¢—>PP’y dominated by scalar mesons (¢—Sy, S—>PP’)

« KLOE: PP' = nx° = f,(980)/c(600)
T = f,(980)/c(600)
nm° = a,(980)
KsKs = (fo/ap) -KK"

— measurement of Br’s and the resonance parameters (masses and
couplings)
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ete > nmy: f,(980)

-f (980) —70x0 : Dalitz plot study; two contributions, p—Sy [S= ,(980), 5(600)]

c —— and ete'— on® (0—>nl)
2 ~400k events § .
S | 0_0
Brip >Sy >nwy) =
| LB B +001  +004  +0.05 4
AN f,(980) | — (l 07 —0.03(fit)—0.02(syst) -0 OG(mod)) x10
oz § [EPJC49(2007)473]

A T PUOTE TIPS FOTT FPYOY P s e s e o B
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P.Gauzzi PHIPSI09 — 13/10/2009 - Beijing 6



eTeT—MIY:

f-(980)

-f0(980) —non? : Dalitz plot study; two contributions, ¢—Sy [S= f,(980), c(600)]

N Om0y and e*e— on’ (0—>ndy)
£ osl ~400k events § .
[y { |
P>
Br(¢ > Sy »>n'n'y) =
| | ® _ +001  +0.04 +0.05 4
AN f,(980) | (l 07 —0.03(fit)—0.02(syst) -0 OG(mod)) x10
[EPJC49(2007)473]
01 02 03 04 05 06 047\4::2 (()(‘;cvlz)
- £,(980) > nn: [PLB634(2006)148] ' ' y
S50 900 920 %0 %0 980 1000
W\ Y it D
- + " P Y ¢ n
( s( . \ 8" TR, 1;‘\\ + £, T
ISR __ S £, x

Br(¢ > f,y >n'ny)=(2.1-2.4)x10™"

S50 900 920 940 90 980 1000
1009 - Beijing M(zx) (MeV)




f,(980) parameters

Fit the n®x% Dalitz plot and the M(w*®") distribution with the same

scalar amplitude (with o(600) with fixed parameters)

Latest version of the Kaon Loop model [N.Achasov] | o(600) fixed parameters :

f,(980) param. f,>n0n0 | fonin
My (MeV) 984.7 | 983.7
Jiomen. (GEV -1.82 -2.22
Ok (GEV) 3.97 4.74
R=(9sok+x /Yromin ) | ~4-8 ~4.6

fo >n'n° fo>nin

Ogro, (GEVY) | 2.61£0.02:031 0 | 1.2-2.0

P.Gauzzi

M,=462 MeV; I' ;=286 MeV
Ook+k_=0.5 GeV

Opmn— 2.4 GeV
Achasov,Kiselev,PRD73(2006)054029

» Agreement between the two channels
» Next: combined fit

* Gyr0, Trom fit to No Structure model
(point-like coupling ¢f,y)
[G.Isidori, L.Maiani et al., JHEP0605(2006)049]
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d—nmly: a,(980)

1) n—>yy (Br=38.31%) = 5 photon final state

Total background = 55% 92: . data
D e*e > on’—>nnly
BI’(¢ —> 1]7TO'Y) = (701 + O.lOstat + O.ZOsyst) X 10_5 > ;.o ¢—>F,(980)y > n°ndy Qﬂ .
— - I | pony (onnn?) | K .
2) non'nn’ (Br=22.73%)= 5y + 2 tracks £ wf_ /0 ob-!
Total background = 15% Q .*"'/
Ll ge9 ¢
Br(¢ — nnoy) =(7.12£0.13,, + O.ZZSyst) x107 100 |

'csommuommm__mg“

B Mye (MeV)

5 wo || -data }
140 #
120 I
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d—nmly: a,(980)

1) n—>yy (Br=38.31%) = 5 photon final state

Total background = 55%

w450 ¢
= E
¥ 400 F
& F

Br(¢ — nrn’y) =(7.01+0.10

stat

+0.20,,)x10°

as0 b
300 |

2) n—>rntnnl (Br=22.73%)= 5y + 2 tracks
Total background = 15%

250 F
200 |
150 f
100 |
50 F

Br(¢ —» nrn’y)=(7.12+0.13

stat

_ k5o 750 800 850 900 950 'iulu 1050
+ O 22 t) X 10 > M?[cp]! (MeV)
T U. sy

0

200

« Combined fit of the two M(n=°) distributions
= Free parameter: R =Br(n—-yy)/Br(n—>n*nn°)

180 F
160 £
10 |
120 |
100 |
go b
60 F
a b
w0k

Events

[PLB681(2009),5] Muz (MeV)

KL NS
M., (MeV) 9825+ 1.6+ 1.1 [982.5 (fixed)
Jarske (GeV)  [2.15+0.06 + 0.06 [2.01 + 0.07+ 0.28
Janx (GeV) 2.82 +0.03+ 0.04 [2.46+0.08 +0.11
Opay (GEV')  [1.58 % 0.10+ 0.16 {1.83% 0.03 + 0.08
Br(VDM) x10° |0.92 + 0.40 + 0.15 ~0

Ry 1.70+0.04+ 0.03 [1.70 £0.03 + 0.01
R=(Gax+k_/Jan ) |0.58 + 0.03+ 0.03 |0.67 + 0.06 + 0.13
P(x?) 10.4% 30.9%

M_, PDG: 985.1 MeV- Belle:982.3*32 , ; MeV
I',,i(a;)=80 — 105 MeV

(PDG: 50-100 MeV, Belle: 76.5%17> ,,, MeV
* VDM very small

* PDG = R, =1.73 £0.04




a, and f, couplings

SU(3)

4q qabar

(Jaok+k—! Yaonn )2 0.6—0.7 12—17 0.4

Crystal Barrel: 0.525 + 0.043

SND (2000) : 1.8+25

e oy 46— 4.8 >>1 [>> 1 (fo=ssbar) | 1/4 (f;=nnbar)

CMD-2 (1999) : 3.61 £0.62

SND (2000) : 4.6 +0.8

BES (2005) : 4.21 +0.33

4—5 1 2 1

(ngK+K—/ga0K+K—)2

Meson Jomy (GEVT)

0 0.13
* Large g,s, = sizeable s quark content? | 0.71
n’ 0.75

2,(980) | 1.6-1.8

f,(980) 12-2.38
P.Gauzzi PHIPSI09 — 13/10/2009 - Beijing 1




o—(f,/a,)y > K KOy

160 ¢

« KK with scalar qguantum numbers (JPC=0++) 140t Sighal MC
» Small phase space(2M <M, <M,) 100¢

= small Br expected (109 - 10- 7) S
* “Golden channel” ¢ —» KKy = nrnntny 200 Lo e

990 1000 1010 1020 1030 1040

« Analyzed sample: 2.18 fb!
« 5 events in data and 3.2 background events (MC) 4000 - .pkg MC A

(mrrwt(y) from ¢—>K K, and from continuum) zzgg ~data .
— — 1000 N "\-.
Br(¢ - K°K®y) <1.9x10° @ 90%C.L. o I "\
990 1000 1'010 1020 1030 Mggzm
[PLB679(2009),10] .

12_—

10 |-
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o—(f,/a,)y > K KOy

160 ¢

« KK with scalar qguantum numbers (JPC=0++) 140t Sighal MC
» Small phase space(2M <M, <M,) 100¢

= small Br expected (109 - 10- 7) S
* “Golden channel” ¢ —» KKy = nrnntny 200 Lo e

990 1000 1010 1020 1030 1040

« Analyzed sample: 2.18 fb!
« 5 events in data and 3.2 background events (MC) 4000 - .pkg MC A

(mrrwt(y) from ¢—>K K, and from continuum) zzgg ~data .
— ~ 1000 * "\-.
Br(¢ - K°K®y) <1.9x10° @ 90%C.L. o I "\
990 1000 1'010 1020 1030 Mggzm
[PLB679(2009),10] .

« Consistency check: using the KLOE
couplings from ¢—nmy, nrly in the
Kaon Loop model 10 |

= Br(¢ - K°K%)=4x10" -6.8x10"° sk

12_—

« KLOE-2 sensitivity o
(with Inner Tracker) = 0.5x108
= First observation possible

P.Gauzzi PHIPSI09 — 13/10/2009 - PR




Pseudoscalar mesons

« ¢-factory = large samples of n andn/’
« L=25fbl= 8x10°¢ = ~10%n
= ~5x10°n"

* 1m/n” mixing and " gluonium content

Dynamics of n—>nnr decay
Rare n decays (n—>n*ne*e™, no>on*ny, no>etee*e™)

P.Gauzzi PHIPSI09 — 13/10/2009 - Beijing
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Mixing n/n’

* d—n'y; N> n w1 no>n’nln0
n'— Nr’n’; n-ontr 7
« p—ony; o'’

R Bré—m)_ (4.77+0.09+0.19)x 102
Br(s —ny)

[systematics dominated by 6Br(n'—>nnr)=3%]
= Br(d—n'y) = (6.2020.11+0.15)x10°
- Pseudoscalar mixing angle: (qg)=- (ut)+|dd)))
1 =C0S¢,|qq) —sing;|ss)
1’ =sing,|qq) +cosg;|ss)

2 3
R =cot2¢p£1— M, Cys tang, J (p"}
m C; sin2p, P,

0p=(41.4+ 0.3+ 0.9)° = 9,=(-13.3+ 0.3 £ 0.9)°

} Final state: wrm+ 7y

L= 427 pb'
N,y = 3407 + 61 + 43 ev.
N,, = 16.7 x 10° ev.

Inv.mass of n*n+ 6y out of 7

[PLB648(2007)267]



n’ gluonium content

2 3

_ _ - C tane P,

"= X, +Y. |5+ Z..|G New fit: R = cot?o. cos? .| 1— s . s VAR I
n n‘qq> n‘ > n‘ > ®p ¢b( = Cs sz¢p} ( J

X, =C0spsSing,

T =yy) T =py) T >oy) Mo—-my) 3
Y, = C0SpCO89, I’ - vy) T® - %) T — %) Te—>r%) | PDGO3+
Z, =sing, p>m I¢>m T@ory IK —>Ky [EOF

Kou PRD63(2001)54027]

Z 2 05 -
New fit PLB648 n 045 _ C(o—MT(@—n"y)

~ 0.12+ 0.04 | 0.14 + 0.04 04 |

@p (deg.) | 40.4+06 | 39.7+0.7 035 |

Cns 0.94 +0.03 | 0.91 +0.05 03 L

Cs 0.83 +0.05 | 0.89 +0.07 025 |

(pV (deg) 332 + 010 32 0.2 :_ l]"l'—)(!}';‘_lf[]f!}—»:r”‘l.q

mg/m 1.24+0.07 | 1.24 £ 0.07 015 |

x2Indf 4.6/3 1.42/2 01 LT -
P(x?) 20% 49% 005 |

"3 26 48 50
op(°)
[JHEP07(2009)105]

5 38 40 42

KLOE-2: by measuring the mainn' Br’s @ 1%
= statistical significance of Z .“will increase to4-5¢



n—>ntnnd

» n—>7nnn decay = Isospin violation L, = —%(mu —m, )(Tu—dd)
é—ny; T]_—)TC+7I_71:0 ST+ 3y (B = 363 MeV) ¥=3 E.-E_ v_3 E,—m,
450 pbt = 1.34 x 108 events in the Dalitz plot —Q 1= —Q

Q=m -2m_ -m )
|JACX,Y)|? = 1+aY+bY2+cX+dX?+e XY +fY?3

| 10000

a -1.090 + 0.005 " %98 o
b 0.124 + 0.006 + 0.010 5000
c 0.002 + 0.003 + 0.001
d 0.057 + 0.006 **%_ ¢ 016 0
e -0.006 + 0.007 * %% 10s
f 0.14 + 0.01 + 0.02 * ¢, e compatible with zero (C violation)
P(x?) 73% o fit without cubic term (fY3) = P(xz) ~ 106

[JHEP0805(2008)006] PHIPSI09 — 13/10/2009 - Beijing .



n—>n’rn’n’

« Symmetric Dalitz plot: |AfP«<c1l+2aZ = onlyone parameter

2
_ Z{ SE, 3|\|<I/I ) - g (p = distance from the Dalitz plot center)
o n P max

 Binned likelihood fit, normalizing the data to MC density
(pure phase-space in MC = |A]? =constant)

« 450 pb! = 6.5 x10° events 5 ot
a =—-0.027+0.004+0.006 001 © e
[KLOE’07, arXiv:0707.4137v1] T T s .
* New analysis: 001
-0.02
0.=-0.0301£0.0035 )= o0f T s .
-0.045— I
Alternative parametrization of the R EEEEEBERER
non'nr® Dalitz plot with final 8933 &7 FEC
state mm rescattering H g : 88 g
= Oﬂ:—0-038i0-003+0'012_o_008 09—13/10/20((-))9—Beijing :E;' § 18



NoOT neTe”

- Rare decay: xPT and 250%3233,“1@
VDM predictions = Br ~ 3 x 10 B Sizan MC

200 |

2 measurements: CMD-2 4 events
WASA@CELSIUS 16 events

Data sample: 1.73 fb!

> &
Ol R
h A 0
ol sy

o
[175 2 ]
-

 M(n*m—e*e™) distribution: %00 51023540 350 560 570 580-59 600
M__ [MeV
fit with signal + background (MC) e [MeV]
= 1555 £ 52 signal events Sal
368 background "
4 { | T 1
Br(nom'me'e—(y) = (26.8+£0.9+0.7) x 105 | =4 ~H = :
2. L
[PLB675(2009)283] |,

P.Gauzzi PHIPSI09 — 13/10/2009 - Beijing
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+=——Nntn—
non'ne’e
« Non conventional CP violation mechanism (non CKM) proposed
[D.N.Gao MPLA17(2002)]

Interference between electric and magnetic decay amplitudes
= plane asymmetry

O Data
250 O Cont. bckg
M ¢ bekg
M Signal MC
200

150

100

50

90.5 -0.4-03-02-01 0 0.1 02 03 04 0.5

sinpcosd

_ N(singcosg > 0) —N(sing cosg <0)
" N(sing cos¢ > 0) + N(sing cos¢ < 0)

0(107?)

[PLB675(2009)283]

Acp = (-0.6 + 2.5 +1.8) x 1072
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NOT Ty

. Study of the box anomaly I'(n—n'ay) / T(m—a*an’)
« Existing data: low statistics value events author  year
and not acceptance corrected ~— (0:203£0.008 el L
0.175 +0.007 + 0.006 859 Lopez 2007
CLEO results = 3 ¢ from 0.209 + 0.004 18 k Thaler 1973
previous experiments 0.201 £ 0.006 7250 Gormley 1970

« KLOE data sample: 6x10° events in 1.2 tb™
Simultaneous fit

Preliminary result:
residual bckg from ¢—>ntnn° 4

A o
e \ Imo>any

v \ 0

—— =0.2014 £ 0.0004(stat)
- experinéfial data — experimental a3 I (TI —> TC+T[ T )

J— = ALL MC

ﬁ.LKﬁ 108 \ —— MC signal n—mem=
IC signal n—memn=y ; \ ~— MC all background
/2 M all background :

e e A 020 02 o4 us u.a' 1

vY)
COS(Y,,Ys) o1




n—eteee-

* Never observed before >0
Br < 6.9x105 @90%C.L. (CMD-2) an| Inprogress |
250
 Theoretical predictions: ~ 2.5 - 2.6 x10° -
« MC simulation according to 150 |
Bijnens and Persson [arXiv:0106130] ioi
« KLOE: 413 + 31 events = first evidence %}
0 o A A A L VA R L S T o, |

400 450 500 550 600 650
M__ [MeV]

cece
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Conclusions

Important results have been achieved by KLOE in light meson
spectroscopy

Scalars:
— Precision measurements of Br(¢—f,(980)y) and Br(¢—a,(980)y)
— Scalar resonance parameters extracted from fits

— Upper limit for ¢ — (f/a,)y = KK

Pseudoscalars:

— 3 o evidence of gluonium inn' (according to Rosner parametrization)
— Dalitz plot of n—>3n

— Rare decays: m—or*ne*e”, non'ny, no>eteete”

— Other analyses in progress: n—>nlyy, nop u-

DA®NE upgrade — KLOE 2: possibility of new and more precise
measurements in hadron spectroscopy

P.Gauzzi PHIPSI09 — 13/10/2009 - Beijing 23



Spare slides
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« Data sample: 450 pb! = ~ 4x10° events

« Two contributions: ¢—Sy and e*e— o’
- Dalitz plot fit: Kaon Loop with f,(980) and o(6
(o with fixed parameters),

— OmeOn g =
eteT>n ny: f,

(GeV?)

“No structure” with f,(980) only

080)

N 08+
&) |
0),,!

I Nt
04 - RV e

f,(980) param.

KL model

NS model

700y
~ 400k events

1 10

£,(980)

(e

" EEEE FETE S Fr 1aa 1 PPy
4 05 06 07 0.82 09 12
M_ % (GeV?)

M,, (MeV) 976.8+0.3+101 | 984.7 +0.4%24
Oy, (GEV) 2.78+002 132 1261400203
O;..... (GeV) -1.43+0.01%903 . | 1.3140.01709° .
One. (GEV)  [3.76£0.04 *117 o | 0.40 £ 0.04°062
(Irs/ gfm-n)z ~6.9 ~0.09

P(x°) 14.5 % 4.2 %

« KL fit without 6(600) = P(y?) — 10

c(600) fixed parameters :
[Achasov,Kiselev,PRD73(2006)054029]

M,=462 MeV; I';=286 MeV
Osk+k_=0.5 GeV
=2.4GeV

9 oT+7—

P.Gauzzi

+0.04

Br(¢ — Sy »>n"n"y) =(1.07 tg'.gé(fit)—o.oz(syst) “0.06(moc)) X 10

+0.05

25




Fit result - KL

501.06 . 661.+
—L.TGJMMMML 5.
0 50 100 150 200 250 SHs00 1550 1600 1650 1700 1750

519.77 4146

-6.544

1634 /A A LN A SO AP S T LY
3 1800 1850 1900 1950 2000 2050

550.12 136.25

M
2300

) il el il ot
! ‘3'211(13 2150 2200 2250

T
2350

0||||||||||I||||I||||||
2400 2450 2500 2550 2600 2650

701.89 23798
-10.5 LMML 0...|...|..|...|...|...|...|...| .
’ 16’200 1250 1300 1350 1400 1450 2700 2720 2740 2760 27R0 2800 ZRZ20 7840 2800
M__ bin M__bin
Ty 4

Best fit shown in M__slices x?/ndf =2754/2676  P(y?) =14.5%

Bad quality fit without o(600) P(yx?) — 10

=\J




Fit result - NS

700

0 50 100 150 200 250 500 1550 1600 1650 1700 1750

gOO 350 400 450 500 550 10800

140

0
600 650 700 750 800 850 2100 2150 2200 2250 2300 2350
630 170
L +
0- 0|||||||||||||||||||||||||||
900 950 1000 1050 1100 1150 2400 2450 2500 2550 2600 2650

i

0 "
1200 1250 1300 1350 1400 1450

Mm bin Mny bin

Fit result shown in M__ slices

P.Gauzzi P(XZ) =4.2%
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P.Gauzzi

o, (nb/GeV)

Fit results

Scalar + on°

o
n

I >
&
1+ 1
D 0+ J .............................
I B e et I v e ) iz T s o o 1 = e ez ] e PEReyiE el PERINEI SRR SRR
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
M,, (MeV) M, (MeV)
—~ 25
- 2
@ 2F  — KaonLoop Only scalar ;
= - ----- No Structure
e PF e KLOE 2000 data
"’ﬁ { C [PLB537(2002)21]
o f

Coooovacloiaa b, Tior "‘I'-I vl by by g g

0 T -
200 300 400 500 600 700 800 900 1000
IVInn (BVIQ‘J) 28




eTeT TNy

Events/1.2 MeV

- - - ) _44\!\/\ -}/ 4000 ; ‘
* Main contributions | ¢ |,  nta- f
ISR —P—‘{V\& IS -
% ¥, % 15002
o ¥, ¢ 4 ¢ y 1000 g
,[\ % £, \ % 5 \ s": : T
FSR N fu ‘J[\ pﬂ: ‘JI\ 500 600 700 8
M(rr) (MgV)
- Event selection: 2 charged tracks and a0
missing momentum at large angle (8> 45°) + ot
photon matching missing energy and momentum =
- Data sample: 350 pb at ¢ peak T
= 6.7x10° events selected e e T e e o
M(ntrt) (MeV)
P.Gauzzi PHIPSIO9 — 13/10/2009 - Beijing
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F-B asymmetry
S e o f(fSR) is C-odd - \ | ’. C..=+1
; \Yf\f\()

/'\_/-\,A@:_" C..=<1
Y’ B 5%
gl &

AFSELAGH N(9, >90°)—N(&, < 90°)
are C-even AFB =
N(4, >90°)+ N(F. <90°)
‘go.* - o KLOE TU*1t"y data %
* f,(980) evidence at M(nt) ~ 980 MeV g | J( g *i#*
:go' '{, + o f+0+VMD i
- Simulation with i L -
f, and o parameters from T\'ﬁ )
070 par " ﬁé‘gi‘*ﬂ*‘*ﬁw #
n'n’y analysis Nl
[Pancheri, Shekhovtsova .
w2l "

Venanzoni, arXiv0706.3027]

....................................

 Recent analysis by P N Aana p—
A.Gallegos et al. [arXiv:0908]: & { {f } il BE x E = L
comparison of KLOE data Withgggg H SSHIIEE M — : ‘ gl iy
4 different models: KL, RyPT, §&....00* -1 1 L. i : 5:: i 4
UrPT and LoM R S 2 W
P.Gauzzi P m "”m""m..&‘l, = mw SR .;.m:.;_“:mw.,;.?,dm o



Fit of M(wt* )

3—; =(ISR)+(FSR )+ (pm)+ (scalar)+(scalar - FSR interf. )

ISR: pion FF (p + ® + p”) [Kiihn-Santamaria ZPC48 (1990) 455]

— Free parameters: M, I, a, B (sizes of @ and p' contributions)
— ® and p’ masses and widths fixed

FSR fixed [Achasov,Gubin,Solodov PRD55(1997)2672)]
pr:(¢—>p*n* ; p*—>n*y) VDM, a scale factor (a,,) free
scalar-FSR interference [Achasov-Gubin PRD57 (1998) 1987]

scalar amplitude: 1. Kaon loop
Free parameters: Ms, Ofcsk—r Gt
2. No structure
Free parameters: My, Otk Otrn—s Jory Qor 814 Dy
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Unfolded M, , distribution @

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

x10 (1/F¢) (dF /dm) [MeV'1/635 MeV]

nn0y

« Bayesian unfolding o6 [
(avoids smearing matrix inversion) E ﬁﬂ
05 |
[G.D’Agostini, NIM A362 (1995), 487] ; ++ '
04 | ++ 1
E *+++
* Average of the two M, 03 A !
distributions : ittt
02 ++++¢*
| v +
01 [ S
E 'y +’Q‘*‘+¢@¢; | | l l l
O =700 730 so0 850 900 950 1000
M, . (MeV)
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Check of the unfolding resu

« Fit the unfolded invariant mass distribution to the Achasov function
(without smearing matrix)

5

x10 °(1/T) (dT/dm) [MeV-1/6.35 MeV] _ _
04 ¢ This fit Kaon Loop fit
035 |+ unfolded distribution Mao (MeV) 980.7+08] 9825+£13+10
0s r e« fit function Jak+k- (GeV) 2.10+£0.0212.15+ 0.05 £ 0.06
i Ganx (GEV) 2.84+0.02(2.82 + 0.04 + 0.04
25 , Ooay (GEVY) 1501 | 1.6+01%0.1
02 f % 8 (°) 212+ 8 222+ 12+3
015 | Br(VDM) x10° 0.88 + 0.25[ 0.92 + 0.40 + 0.15
o1 ] + Ra0=(Qaok+k—/Gaons)’ | 0.55 = 0.01| 0.58 + 0.02 + 0.03
vos b x° I ndf 62.7/46 157.6 / 136
b P(x2) 5.1% 9.9%
%s0 700 7sh  =an  =a aan  asn 1000 1050

M, (MeV) (Free parameters in red)
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HS
fury
—

a,(980) shape

1
=]
1
=

x10
0~ 06 - 0.6 |
> 0 KL :
2 . — Total :
= %50 0.5 [
c — d :
o Mar 0 04 F
B [ PT i
o I . i
© 03— Interference 03 [
~~ - |-
=4 i
02 - 02 b
01 [ k 01 ]
0 I e I
-...MI....I....I....I....I.. [ reara i B B B B B
650 700 750 800 850 900 950 1000 %so 700 750 800 80 900 950 1000
M, (MeV) M, (MeV)
P.Gauzzi PHIPSI09 — 13/10/2009 - Beijing
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4(_Kl|( molec.) . (KK molec.-
B —_— - Escribano (“06)
@y i
A - Palomar et al. (' 03)
[ (49 I
- KLOE C KLOE
[ L SND (“00)
CMD-2 (“99)
005 T OIS 03 055 03 035 04 05 05 ] CMD-2 (99)
x10 r
Br(¢—n’nly+m*ny) 0O O D 08 01 0 04 046 08 02 _
Br(¢—>nnly) -
10
: ) IE,::::T(%) @: Achasov-lvanchenko NPB315(1989) -\
.| T Close et al., NPB389(1993)
6f - ' 4q: Achasov-Ivanchenko NPB315(1989)
Y KK molec.: Close et al., NPB389(1993)
af KLOE (n—>7'm ) Achasov et al., PRD56(1997)
3 KLOE (N—>Y7) KK molec.-2: Kalashnikova et al., EPJA24(2005)
2t T Palomar et al., NPA729(2003): UxPT
; - MD-299) scribano, PRD74(2006): Linear  model /

: E
0 0.025 0.05 0075 0.1 0.125 0.15 0075 02 0225 0.25 xzae
<10 21IPSI09 — 13/10/2669 - Beijing

Br(¢—nndy)
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Instanton model

* “New theory of scalar mesons” [t Hooft,Maiani et al. PLB662(2008),424]: Instantons
provide a mechanism for f, (980) »nn independent from mixing with the o
In both hypotheses 4q and qgbar

Processes Ain((gq][gd]) A:n(q9) Aexpt
w 1th inst. | no inst. best fit | w 1th inst. | no inst.

Yot I input 1.6
L. (S) =¢;0,(S) +¢,0,(S) , KO : 3.3 .

28x0.1
2.16 £0.04

1.6 input.
3.5 6.4
2.7 24

» Only KLOE data: iInput gk ; Gfony + MaSSES + @p =0ULPUL G0k @Nd Goopr
KLOE (KL) [odl[qa] qaq
Jrok+k— (GeV) | 3.97 —4.74 } c=-28—-34GeV " |c,=-39—-48GeV™

Jromn (GEV) [-1.82—-2.23 ct=20.6—245GeV "' |ct=165—19.7 GeV ™

U U

Jaok+k— (GeV) | 2.01 —2.15 21—25 24—29
Jaon= (GeV) 2.46 — 2.82 3.0 =13.9 6.6—7.9
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1. Kaon loop
[Achasov - lvanchenko Nucl.Phys.B315(1989)465,
Achasov - Gubin Phys.Rev.D63(2001)094007,

®
Achasov - Kiselev Phys.Rev.D73(2006)054029 ] P gSKK
2@ Jspp
ar 2‘g(m2)‘2py(M2—m2) O . Ospr|  Propagator withfinite width corrections
= KK, K°’K®?, nn,n',n'y for f,(980)
dm M3 D.(m? o S °
3(4n) M, s(M°) nn’, KK, K°K®, n'=° for a,(980)
2. “No Structure” P
[G.Isidori, L.Maiani et al., JHEPO605(2006)049] - 0 f, 2 © Jpsy
M o Jepp
dr _2p,(M, —m")| 90, 3, mzméT Y
- s
dm ~ 3(4aCM: | Dy(m?) M2 M

E,* behaviour damped by a polynomial term (a, and a, complex)
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Dalitz plot fit

« Kaon Loop with o(600): My cg(m?)e® > gox Gis Ysm

S,S,: fO ,O

— Free parameters for f,(980): Msy, Orckes Gtmen (5V2 Grr0m0)
— 85=8;™ + 85K and o(600) parameters fixed [Achasov-
Kiselev,PRD73(2006)054029]

— on’ + ¢>pn VDM parametrization + interference terms (7 free
parameters)

“No structure” without o(600)
— Free parameters: My, Oscik— Ofrens Yoty Qo A1, Dy

2 m ; n
oC € SM¢ gfo””g¢f07+a0e ' . m, m _mfo
NS 2 2
4F, D,(s)| D (m?) m; m,

— Vector amplitude : same parametrization as for KL (7 parameters)
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Scalar propagator (KL)

. [Achasov-Kiselev PRD70(2004)]
Dr(m)=mz—m*+ 2 [Rel1%°(m%) —T1%% (m?)]
ab

49N = My, M = F BT

e T o 2 2
T148 (m2 _ &kab mam— . My .+1 ]r\/m mZ —4fmS —my
T oT™m Mg T 2 — mZ + Jm? — il
_ = wmraimy o
2 2 m%_ — mz
122 (2) = SRab | 47— o b o T 7 J
& ) 167 | 7w m, P s ()] o Pab(m) e
o M
ORI = v
Hab( 2 _3}2%5 m+m_] mb_l ]r\/;u m \/?_?1_ m
x\n") = 1697 5 T Pab ), Ite——— —|.
T a mgl- = m2 +—\/;?22_ = m2

« Scalar propagator with finite width corrections:
[a,b=nr, K'K-, K'KS MM, mn’,m'n" for £,(980) ;
“ =m0, K'K-, K°K?n'n® for a,(980)]
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¢—>Sy models

2. “No Structure” [G.Isidori, L.Maiani et al., JHEP0605(2006)049]

P
et L ° gtbSv
p e
.

Y

2 2 2
€ SM |:gSPPg¢Sy+a m _ms:|

M +a
Ns > 4F, D,(s)| Ds(m?) m?

» The scalar is a BW with energy-dependent width, taking into account for
K*K-, K’°K’ threshold opening (Flatte’ formula)
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ete~— 7’

2
- = £ ® Measured cross section
* 600 pb- with 1000 < Vs < 1030 MeV ,
- . . b-:r 7! -
- Interference with ¢—>on® (OZI and G-parity viol.) ~ /
M,T, '
GVIS (\/7) Gnr (\/7) 1-Z——— 400 o0 T e 10w
¢(I s) _ Vs (MeV)
< o038
S Oy
6, (VS)=6,+0"-(VS—M,) o
(o) 0.6{— . i ¢
Parameter ete- > ntn—nn0 ete~ - nox% 05t B
oo [nb) 7.89 + 0.06 + 0.07 0.724 + 0.010 + 0.003 o
Re(Z) 0.106+0.007 £0.004 0.011 £ 0.015 £ 0.006 93 1000 1010 T 1030
am(z) —0.103+0.004+0.003 —0.154 + 0.007 & 0.004 Vs (MeV)
o' [nb/MeV) 0.064+0.003 +0.001 0.005340.0005+0.0002 [PLB669(2008)223]

« From o,(n%)/o,(n*nn’) (with rare Br’s from PDG)
Br(o—>n*m ") = (90.24 + 0.19)%

Br(o—n%) = (8.09+ 0.14)% (~3 o from PDG)
(8.92 +0.24) %

= Br(¢—>(mt0) - (4-4 ax 0-6) x107 )9 — 13/10/2009 - Beijing

%

N

i
T

Br(o—ntn ) (%)

89 -

88.5 -

« PDG 07
» KLOE

| LA L . =l
8 8.25 85 8.75 9 9 25

Br(w—nly) (%)



+ 0
NN T T
« Asymmetries < C violation

'L Left-right asymmetry(c, e parameters) A . =(9+107)x10™

Quadrant asymmetry: £in Al =2 A, =(-5+10%)x10™

18‘ Sextant asymmetry: /Z( in Al =1 A, =(8+£10")x10™"
A =(9£17)x10™"
PDG’06 = Ay =(-17£17)x10™
A, =(18+16)x10*
 All asymmetries compatible with zero at 10-° level

P.Gauzzi PHIPSI0S - 13/10/2009 - Beijing L3 =P 0805(2008)006] "



n—>n7n=O :fit procedure

The fit is done using a binned likelihood approach

We obtain an estimate of o by minimizing

Where: _Z ni log (Vi (OC ))

n, = recostructed events

v; = for each MC event (according pure phase space):
v’ Evaluate its z,,,, and its z,. (if any!)

v' Enter an histogram with the value of z,

v' Weight the entry with 1 + 2 o 7z,

v Weight the event with the fraction of combinatorial

background, for the signal (bkg) if it has correct (wrong)
pairing



a.u.

I

n—>n’n’xnd

» o, dependence on n mass

&

ARcl+20Z

Y Y |

- M,, = 547.87 MeV
— ' M, = 547.30 MeV

data’ MC

0.195

0.19

G.135

0.18

NN FEEEE FEEE RS N RN RN FE e NN RS NN
01761 02 63 04 05 0& 07 03 09 1

dat@a’/MC
o
A

¢ 0.2 0.4 0.6 0.8 1.0 12
Pure phase space
P.Gauzzi

4.195

I AT AN NS NN EEEEE N TS PN SR R
017361 62 03 04 05 06 07 08 08 1

PHIPSI09 — 13/10/2009 - Beijing

0.2051

0.185}

0.18F

i

b

a.19F

ra
¥ 1 naf 304/ A
po 0.1962+ 0.0004
1 -0.05607 + 0.00410

M, = 547.87 MeV -

TT"1""{"}"‘“{“}" 1]
i

|

rd
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n—->nyy

yPT: O(p?) <« Q=0;
O(p*) @ tree level = 0; O(p*) @ 1 loop suppressed by G-parity
= O(p®) test
Recent measurements = Br(n—nlyy): (7.2£1.4)x104  GAMS (1984)
< 8.4 x104@90% C.L. SND (2001)

(22.4+ 4.6 +1.7)x105 Crystal Ball@ MAMI(2007)
(22.1+2.4 +3.8)x10° Crystal BaII@AGS(reanaIyS|S)

* KLOE = ¢—ny; no>nlyy g O pEEEE R e
- Backg.: (1) 5y processes: ¢—agy, foy; E ol m oty _:
eteoon (oond) £ | J{

(2) ¢—>ny; N> i el H J[ ]

e L ~450 pb'1 % “ .1 :
= Br(n—>nl%y) =(84+£27+1.4) %107 g ﬁ#ﬁ +H |
20 % *

10 - +__ 1

o Bttt Kot ¥ T
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n—->nyy

yPT: O(p?) <« Q=0;
O(p*) @ tree level = 0; O(p*) @ 1 loop suppressed by G-parity
= O(p®) test
Recent measurements = Br(n—nlyy): (7.2£1.4)x104  GAMS (1984)
< 8.4 x104@90% C.L. SND (2001)

(22.4+ 4.6 +1.7)x105 Crystal Ball@ MAMI(2007)
(22.1+2.4+3.8)x10™ Crystal Ball@AGS(reanalysis)

« KLOE = ¢—>ny; nonlyy S w0 |
« Backg.: (1) 5y processes: ¢—a,y, fqy; > ol J(
ete—on’ (o—ndy) < ol J(
(2) g—>my; nonnnd - TS
° L ~ 450 pbl % 100 7 +++ + «\» +
— Br(n—nlyy) = (8.4+2.7+1.4) x 105 ol ﬂ% |
o0 [FHHH
° -1 I +
20 |- ++ 4
P.Gauzzi PHIPSI09 — 13/10/2009 - Beijin 0 bt L
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N Mass measurement

8o discrepancy: GEM (COSY) = M, =547.311 +£0.028 £ 0.032 MeV
(p+d—°He+n)
NA48 = M, =547.843 + 0.030 £ 0.041 MeV
(m-+p—>n+nwithn—3n°)
« Recent CLEO-c measurement: M, =547.785+0.017 £0.057 MeV (y'—>J/y n)
« KLOE: ¢—ny; n—>yy check with ¢—only; nl—oyy

10 %k

0 LM} 200 300 400 500 il 1]

M, 1,2 (MeV)

g M, =547.874+0.007 £ 0.029 MeV

] M_, = 134.906 £ 0.012 + 0.049 MeV
3 : Ly PDG = 134.9766 + 0.0006 MeV (1.4 o)
0 005 01 015 02 02 03 035

m?(y,5)  (GeV?) PHIPSI [JHEP12(2007)073] 47




N Mass measurement

8o discrepancy: GEM (COSY) = M, =547.311 +£0.028 £ 0.032 MeV
(p+d—°He+n)
NA48 = M, =547.843 + 0.030 £ 0.041 MeV
(m-+p—>n+nwithn—3n°)
« Recent CLEO-c measurement: M, =547.785+0.017 £0.057 MeV (y'—>J/y n)
« KLOE: ¢—ny; n—>yy check with ¢—only; nl—oyy

102

103 10 | 7
<_, KLOE o)

1 F 1
102 0 100200 300 400 | CLEO | 1:7
MylyZ (M R 1 A GEM 05 87
] L NA48 02 7.0
Hw |\/|Tl =547874+0.007] —H |l MM 2
- i  -————---) SATURNE 92 74
i MTEO = 134906 i 0012 i L RL 74 11

' | + AU »
307005 01 0 02 0% 03 0% PDG = 134.9766 + 0.00( >4 48 >

N mass (MeV)

m (7172) (GeV?) PHIPSI [JHEP12(2007)073] 48



