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“* /M’ mixing with wra-3y’s final state
“* /M’ mixing with srra~7y’s final state

¢ Next plans with already collected KLOE data
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Nn/m’ mixing @L

% The mass eigenstates n , " are related to the SU(3) octet-singlet ng , 1, through

the mixing angle U

¢ Studies based on ¥PT and phenomenological analyses suggested a two mixing
angle scenario

¢ In the quark flavour basis the two mixing angles are almost equal
= mixing 1s described by only one parameter (¢ p)

N = CcosQ, %‘uﬁ + da> - sincpP]s§>

n' =sing, %‘uﬁ + da> +COSQ,|$5)

> @ p can be extracted from the ratio ( Bramon et al., Eur. Phys. J. C7 (1999) ) :

I~ 2 ’ m
R=BR(¢_>nfl)=COtg2(PP I_Iis Fg(pv p_n : S _145
BR(¢ — na) m sin2ge, P, m

» @ p can probe the gluonium content of )’
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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

1400

Integrated luminosity:
2005: 1256 pb!
Y0901 2004: 734 pb!
800 |- 2002: 320 pb-!
6oo } 2001: 172 pb-!
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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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KLOE analyses on 1/1’ mixing @AK

n/m’ produced through ¢—Py Identified by the
monochromatic recoil photon

» Erecoil(n) =363 MeV
very clean mn sample

N, (2.5 fb~1) ~ 10.7 x 107
> Ereoil(’) = 60 MeV N,,(2.5 fb~1) ~ 514,000

Yrecoi MisSid. for some channels...

Two analyses published:
o= my— TRy = wyyy

_ -1
¢ — My — Ny > YRy Linc= 10D

int

PLB541(2002)45 <

¢ — 'y, "o ', N3

PLB648(2007)267 < n'— 7’2 , n—rrrr° L. =427 pb!

L o—my, n— 3
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n/m’'—rta-3y’s analysis

Used decay chains: AU
RR Fe— ) g — 10000 vy from 7°
* 0= Ny —> TRy —> TWYYY
20— ny = iy > yywty o0 |
2500 ;
» Same topology: 0w e 00 w0 300 &0
two tracks + three photons AL (1) - 1 ,Y

1500 |-

» Recoil photon well separated in

vy from n
. 4
energy from other y’s in the event

1000 [

500 F

1 L

100 200 300 400 500 600

Preselection cuts: Ey (MeV)

1) A two tracks vertex close to IP

2) Three neutral clusters on time ( |T-R/c| <5 o,)

3) Kinematic fit imposing global 4-momentum at IP = P(%?)>1%

4) Topological cuts on the energy of the particles to remove
background from ¢— -’ and ¢— KK,
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n/m’'—wtr3y’s : sample selection @i

After pre-selection, N(n'y)/N(ny)~5x10-3

Events separated using energies of the two most energetic photons

E Z MC: ¢—ny E _ MC: ¢—n'y
S o0 | = a0
e |
300-— 300:—
200:— 200:—
0062030 o300 Tm0 0 @0 S0
E,(MeV) E,(MeV)
Eoe(NY) =36.5% €ol(N'Y) = 22.8%
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n/m'— swttn-3y’s : event counting

— -1
Lint =16 pb
1500 | 3 0
- Recoil y from | g |
¢—my events O

E,(MeV)

I

a0 500 B 9:1%_'—';)_25' 930 940 950 960 970 980 990 1000
E,(MeV) Mpryy (MeVic?)
N(@ —=ny) =50210 = 220
N@—=nYy) = 12012, +5,,, from a fit to the mass spectra

with MC signal + ellipse
sidebands for background
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Results on n/n’'— w*n=3y’s @AK

BR '
R, =2RO=NY) _ (4705047, £0.31,,)x10"
BR(¢ —ny) ’
Using BR (¢—mny ) from PDG:

BR(¢p —=n'y)=(6.10+0.61__ +0.43_)x10

stat syst

Pseudoscalar mixing angle in the quark flavor basis:

Qp = (41'8322 )o

Pseudoscalar mixing angle in the octet-singlet basis:

01) = (—12.9322 )o
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n/M'— w*n-3y’s : gluonium content in M

Combined analysis to evaluate the
possible gluon content of n’

n' =X, [uutdd)V2 + Y, |ss) + Z,. |G)
Assuming Z,,= 0 :

1. Constraints on X, ,, Y, from
other channels

2. Y, =cosg, from KLOE

3. Check consistency in the X, - Y,
plane with X, 2+Y 2= 1

Minimizing the related y? function:

Z, 2=0.06 +3 32 Gluonium content in 1’ lower than 15%
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n/m’' —rta~7y’s analysis @@i

BR(¢p—m"y)/BR(¢—1y) measured using the following decay chains:

*¢—n"Y n>ann,n-3n

n'— 100, Nt } 2 tracks + 7 photons

“*o—my, n— 3 . 3 ysoo | ¢—m’y MC events
&y _

Signal selection for ¢—n'y: ) §22.—7‘0/ H000 T

1. Two tracks vertex near L.P. o 0

2. Seven neutral clusters on time 3000 1 o

3. Eventnot tagged as KK >0

4. Kinematic fit imposing global 2000 1 < yfroman ..
4-momentum conservation @ I.P. 1500

Si i 8(77}/) o yfrome

gnal selection for ¢p—my: =~ 500 < rom
1. Seven neutral clusters on time 32'90/0 0 0 < 1:”0«0 L 'tg?-%d D
2. 320 <E, 00y <400 MeV | Ey (MeV)

Radiative y and y’s from &’ overlapped
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n/m'—xrr-7y’s : event counting

o
s
NRRARAS

427 pb~' @ Vs = M, from 2001/2002 data o T Pa——
N(ny) =1665000 = 1300 (Background free) _ f/[aéa

N(t7y’s) = 3750560 (N, = 345) 800 T

N(m'y) =3405+ 61 +28 o |

3500 N , o i

.| * Data oy i

E%“ - Signa 200 -
2500 -  right combination %% | L

N,

AR |
SRR
ke

NN
AN

%232535\.,, 000 _..'.;1....1. AT Aoy o . S [
2000 £ K—n'n' 0350 400 450 500 S50 600 650 700 750
% M 67 (MeV)
B K— nfnf
1500 + - 0
K —nnn
1000
> Kg— n*ay
K, = n®n® n?
500

Wrong combination:

\> radiative y used to construct

0 e Z
650 700 750 800 850 900 950 1000 1050

M_.c, (MeV) the " invariant mass
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n/m’ —rta~7y’s : results

4

' Interf.
BR(@—=>n'y) N"' &"™-BR(n—3x’
R, =2R@=ny) N o ) (K)) A=),
BR(¢—=ny) NV |BR, ¢, +BR, ¢,.] A(p—n/Mxy)
BR,, = BRlg' =7 ) BRg —x'z'z")] All BRs taken
BR,,,,, _ BR@I — JTOJTOT])BRQ’I s .7'5+.717_.7'l70) from PDG Source Syst Err.
Filfo-Evcl 1%
3 TRK 1%
R¢ = (4.74 =+ 0'09stat =+ O.ZOSW)X 10 VTX 1%
Bckg.sub. 0.1%
BR(¢ —n'y)=(6.17+0.12,, £0.28  )x10™ |& e ?:ﬁ
X 5%
Systematics dominated by the knowledge of 1,mx BRs BR” (3%
Total 4%

In agreement with previous KLOE results:
Phys. Lett. B541 (2002) 45-51
Py Lot BT ER A1 R (4702047, £031)-107

BR(p —n'y)=(6.10+0.61+0.43)-107°

stat
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n/m’' —n*n~7y’s : gluonium content in N’ @@A %

Formal parametrization for )" gluonium content measurement:

X, =cos¢;sing, Y. =cosd;cosp,

, | _
r]>=Xn,ﬁ‘uu+dd>+Yn,‘ss>+Zn,‘glue> Z, =sing,

L(1) T —pP/T(@—n'y)

1, - - . _ ,

n>=c0scpPT‘uu+dd>—s1nqo,,‘ss> S LK 0
2 H2) T =)/ =)

: L(3) Tt oW1

Using SU(3) relations between decay

modes and measured BRs: 08 [

&,
I'(n'>py) | 2 p.reep [
0 ,=CwZ~s(sin(,<PG)cos(<P,,)) Ll»e c?]'a 0.6 -
= | dpa hs [
Z { ; p 5 "c?,b 04 |
Ry=cot’(@,)cos’ (@, )| 1-C,,——— n 0y |
'. Z, sin(29,) Py 02,

”

<

12
X

NO GLUONIUM hypothesis:

Pp=(41.5+0.6-0.7)°

Zy, Ly evaluated assuming 72 =0 P(%2)=0.01
[Bramon et al., EPJC 7 (1999) ; PLB 503 (2&)1)]
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Scos(e,)sin(@,)+ \E—"cos(cpc)cos(cpp)

s

L(n'=yy)_c
1] M1
Ir(m-yy)

]" ’ { 3 i - .
- “*“;)’) :CM3(ZNsSm((PG)COS{(pp)+2cvzssm(<pG)Sm((pP)
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n/m’' —n*n~7y’s : gluonium content in N’ @ %

Allowing for gluonium content inm" :

Xz/Ndnf=1'42/2 (\]N 1 . 03
cos’p; = 0.86 + 0.04 0.9 F - Ty —mTw—p) 2 =T
cos2gp = 0.592 = 0.012 08 f - TOV=pO@mry) h o

0.15 [pEiTT

IR ‘00 'j‘.. .
07 | -~ Ry(KLOE) 01 [ e S
' 06 b — TOr—onT@oat) s £ o™

@p =(39.7+0.7)°
Z2,.= 0.14  0.04 : e
P(x2) = 49% NP s

" e R
W et | i P | L | L |

30 32 34 36 38 40 42 44 46 48 50

P

Gluonium content @ ~30 level
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4

nj

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

Global fit with more free parameters (also Zy, Zys, ¢y, m/m) n a I‘y
Other SU(3) relations included :
Lw—=>ny) T(-—-a’y) T@—n) T—a"y) TIK" —=K'y)
INw—=>nr"y) T(w-=x'y) T(w-—=>a'y) Tw->a"y) TEK"’—=K’b)
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
PP 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
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n'—nnn: Dalitz plot analysis @J %
» Test of ChPT predictions

» 1" nature: possible gluonium content can influence dynamics

» Sensitive to parameters of the intermediate scalar mesons
. . Faribotz-Schechter, PRD60(1999)034002
(no tree contributions from VMD) [ ‘ (1999) ]

: i
' 1M
T KL A
’ 'I& I
T
/ ] TC —_—— ——.
S - E
T]. ’ a0
Bt el ot : 5, f0 L
N T]_ \
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\ \
\ \TI '
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2.0 v . . 0.5 .
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' oy
n —>TU T 'Y] @ VES VES, PLB 651 (2007) 22 K

Reactions:

(1) mp—n'n (charge exchange) Nev ~14.6 x 10° 5% bckg
(2) mmN—n'n~N (diffractive-like prod.) Nev~ 7 x 10° 15% bckg

Kinematic fit to n—yy events

. 3 3 250 £
Fit results: | §i% | #,%# w0 |- ey 200 B9%4eat
° ° L %: ! H 150 g“ . E;_ I":
sliced Dalitz plot 1§ = Dl B ol T
= . 3 i 3
g,;g_._j.lml:; 5253:,1... 0 52%..1...1.
e Data ~1 008 18 "1 008 {16 i 00 )6 -1 008 118
—_— MC Weighted With X=SLICE 1 X-=SLICE 2 X=SLICE 3 X-=SLICE 4
180 £
fit results 140 E q.’H’:
120 & ' |
0
o E*
0 i
' 20 0E
O 008 118 -1 008 116 C°—1 008 118 C—1 008 1.6
Y Y Y

Y
X=SUCE S X-SLICE 6 X~SLICE 7 X-SLICE 8
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n'—ntnn @ VES : fit results VES, PLB 651 (2007) 22 @K

Fit parameters extracted separately for the two channels and then combined

Dalitz plot parametrization:

X = \—EI Tt — Tp-) Y =
Q
Coeff. Combined fit
a -0.127 £ 0.016 = 0.008
b -0.106 = 0.028 = 0.014
C +0.015 = 0.011 = 0.014
d -0.082 = 0.017 = 0.008
x2/Ndf 129.3/114
> b<0 @ 3.4 ¢

A”Q =1+aY +bY? + X + dX*?

My, + 2m, 5 1 T: kinetic energy in the 1" rest frame
My Q Q= Tn T Tn+ + Tn—

Borasoy-Nissler, CLEO:

Eur-Phys.JA262005) R o(or)= —0.21 + 0.025
-0.116 £ 0.011

with Dalitz plot parametrization:
—-0.042 = 0.034

IMP? = |1+ aY]? + cX +dX?

+0.010 = 0.022 o complex, a b ¢ d real :

equivalent parametrizations
if b>a*/4

linear parametrization not correct

» c consistent with C-parity conservation
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n'—ntnn @ KLOE @A

Already studied (@ KLOE with n—vyy decay channel for first n/n/’
mixing measurement

v' We know how to select it with small residual background

v’ Analysis efficiency 23%, expected flat in the Dalitz plot

40

Counts

With 2.5 fb-1, after analysis cuts: |
N(2.5 fb-1) ~ 21,000 _

- 20

Comparable with VES statistics

10 .

910 920 930 940 950 960 970 980 990 1000
My (MeV/c?)
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n'—rtnn @ KLOE

Expected M__ shape using Faribotz-Schechter model with
2.5 fb~! @ KLOE, including analysis efficiency (flat in M__)

Reconstruction effects not included

Blue: without o(600) E 350 } _
" =
Red: 0(600) included *f o | M WHW L H %Hw HM
s E‘fﬁ o ﬁ Hﬁﬂ“ﬂ ﬂﬂ
100 I Hw i
iﬁ ﬂ{

028 0.3 032 034 0.36 0.38 0.4
m(n T ) (GeV)
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Conclusions @AK

“* 1’ analyses focused on /)" mixing and gluonium content in n':

» Gluonium content in M’ @ ~30 level

» Systematics dominated by intermediate BRs
» Good data quality, small background contribution for

several ' decay channels

“* Next in line: measurement of )’ —>m 1 Dalitz plot
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