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Outline
 The KLOE experiment.
 Scalar meson study at KLOE

φ →  f
0 
(980)

 
γ, f0→π+ π−, f0→π0 π0

φ →
 
a

0
(980)

 
γ, a0→ ηπ0

 η,η' study at KLOE
  η → 3π Dalitz plot analysis
  η → π0γγ Br measurement
   Br(φ→η'γ)/Br(φ→ηγ)
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√s  =  MΦ =  1 .02 GeV  σ() ≈ 3 .3  µb

     e+e- in two separate rings with crossing angle 

∼25mrad at IP (small Φ momentum pΦ∼13MeV)

     

DEAR

The DANE apparatus
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Integrated luminosity

Int. Lum.
 

2001+2002

2004+2005

pb-1

 
450

1300

end data taking
December 2005

2500

1.26φ → η γ
15.6φ → π+π−π0

33.8φ → ΚS ΚL

49.1φ → Κ+ Κ−

BR(%)Decay

on tape
5.6×109 φ           1.9×109K

S
K

L

2.8×109 Κ±                 70×106 η
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The KLOE detector 

Electromagnetic Calorimeter (EMC)
Fine sampling Pb (0.5 mm thick) / 
Scifi (1 mm ø)
Hermetical coverage
High efficiency for low energy 
photons

σE/E = 5.7%/√E(GeV) 

        σt = 54ps/√E(GeV)

 Central drift chamber (DCH)
Large detection volume
Uniform tracking and vertexing in all 
volume
Helium based gas mixture

     σv = 1 mm           σpt /pt= 0.5%

 σr,φ =200  µm         σz = 2 mm

Quadrupoles' calorimeter (QCAL)
Pb/Sci tile calorimeter covering quads 
inside KLOE
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A detector picture 

Stereo wire structure

It allows to recon-
struct the z coordi-
nate.

z

Photo multipliers at 
both ends.
They allow to 
reconstruct  cluster 
z position and time.
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φ → f0(980) γ; f0(980) (I= 0) →π0π0, π+ π-  

                                                                      
 φ → a 0(980) γ; a 0(980) (I= 1) → ηπ0 

Scalar physics at KLOE 

What is the quark content? qq 3P0

Quarks in 1 
orbital angular 
momentum, 1 
spin state

Not trivial f
0
,
 
a

0
 almost degenerate, 

but f
0
 heavily coupled to the KK  channel.

Alternative approaches ss(uu+dd)  ss(uu-dd)
a

0
f

0

KK moleculesThe decay rate φ→Sγ can distinguish
(Ach asov- Ivan ch en ko, NPB315 (1989) 465)

Ozi 
forbidden

Ozi allowed
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φ → f
0
γ → π+π−γ

d
dM

=∣A ISR A FSR A f0A ∣2

ρ,ω,ρ' ρ,ω,ρ'

ISR FSRbackground  sources
e+ e - → π+π−γ  via  ISR 

       (ISR retu rn  to  ρ an d  ω)

e+ e - → π+π−γ  via  FSR
φ→ρ±π  ∓ (ρ±→π±γ)→π+π−γ 

an alys is  select ion
45º  <  θγ <  135 o  ISR red u ced  an d  

      n ot  “in terfer in g”
      45º  <  θπ± <  135 o 

     Bet t er  m om en tu m  recon s t ru ct ion  
    an d  Bh abh a reject ion  [e+ e - →e+ e - (γ)].

full spectrum

ρπ region ρ,ω
 ISR 

m(ππ)  MeV 

6.7×105 events
350pb-1
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Models used in the fit

Sφ

        γ
g φKK

g SKK

g SP1P2

P1

P2

K+

K-

e +

e -

Kaon Loop
Achasov- Ivanchenko, 
NPB315 (1989) 465

No  structure
Is id ori- Maian i, p r ivate 
com m unicat ion

Sφ

 γ

P1

P2

e +

e -

g φ
Sγ

g S
P1P2

BW with finite width correction 
and threshold effects. 7 free 
parameters

Further parameters for 
background description: 
Kuehn-Santamaria 
parametrization of the pion 
form factor.

Mρ, Γρ, α, β, aρπ 
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Not interfering 
background term

bkg sub.

Fit results KL & NS

NS fitKL fit
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•• data
─ KL prediction 

Cros s - s ection
integrated be tw een 
 900  and 1000  MeV

π+π- system: 
A(ISR)     C-odd 
A(FSR)    C-even
A(f0)        C-even

A(tot) not defi-
ned symmetry 
for the inter-
ference among 
the terms. 

ρ,ω,ρ' ρ,ω,ρ'

ISR FSR

KL absolute predictions
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φ → f
0
γ → π0π0γ



1(2)

2(1)




e +

e -



1(2)

2(1)




e +

e -

VMD background in the 
amplitude.

2000 DATA

M
σ
= 478 MeV, Γσ = 324 MeV

Phys. Rev. Lett. 86 (2001) 770

The VMD background was cut 
away and subtracted from the 
DATA spectrum.

Phys. Lett. B537,2002

E791 coll.
Br(φ→f0γ) = (4.47  ± 0.21)×10-4
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Dalitz plot analysis

Background 
s ubtracted

e+ e→→

→S→

450  pb1 from  2001  – 2002  data taking    ⇒  ~  400k ev ents

The large statistic allows to do the fit to the 
whole Dalitz plot. 
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f0 + σ (Μσ fixed) f0 only

KL parametrization

M
σ
= 541 MeV (BES Phys. Lett. B598,2004)
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No structure parametrization

f0 only f0 + σ
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φ → a
0
γ → ηπ0γ

2000 DATA

Phys.Lett.B536,2002

e + e - → φ → a 0(980) γ; a 0(980) (I= 1 ) → ηπ0

 η→γγ    (39 .43%)   
 η→π+ π- π0  ⇒  π+ π-  +  5  γ   (22 .6%)

 2 .2  × 10 4 ev ents
4180  ev ents

η→γγ  

η→π+ π- π0
New  analy s is  w ith:
2001 - 2002  data: 395  pb - 1 at φ peak 
+  10  pb - 1 o ff peak

η→γγ      
 η→π+ π- π0  
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η → 

η→γγ η→γγ

η → 

Kaon Loop No  Structure

Mηπ (MeV)Mηπ (MeV) √s  (MeV)

Combined fit to the two 
spectra

sqrt(s) dependence 

Fit to the spectra
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η physics study at KLOE 

● Br(φ→η'γ)/Br(φ→ηγ) with  π+ π− 7γ final state;

● Br(η→π0 γγ) measurement;

● η→π+ π− π0 Dalitz plot analysis;

● η→π0 π0 π0  Dalitz plot slope measurement. 
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Br(φ→η' γ)/Br(φ→ηγ) in the π+ π− 7γ  final state

Already measured by KLOE using π+ π− 3γ final state.
φ→η'γ,  η' →π+ π−η, η→γγ     φ→ηγ,  η →π+ π− π0, π0 → γγ

        L
int

 ~ 20 pb-1

Br(φ→η'γ)/Br(φ→ηγ) = 4.70 ± 0.47± 0.31

Phys. Lett. B541 (2002)  45-51

Consistent with no gluon 
content (<15%).

Y
h'=cosϕP
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φ→η'γ,  η' →π+ π−η, η→3π0,π0→γγ 
                    η' →π0 π0η , η → π+ π−π0,π0→γγ 

φ→ηγ,   η →3π0, π0→γγ 

Signal selection

● charged vertex in a cylinder  with a 4 cm 
radius and a 16 cm height around the interaction 
point;
●    7 prompt photons |t – r/c| < 5σ

t
;

●   21 q



●anti K
S
K

L
 tag.

select particle 
coming from the I.P

Background source 
together beam 
background.identification of photons coming 

from the I.P (powerful thanks to the 
optimum calorimeter time 
resolution)

Br(h')/Br(h) event selection
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Signal and background counting

Main background 

φ → Ks Kl

  1. Ks→ π+ π- ;  Kl→ π0 π0 π0

  2. Ks→ π0π0 ;  Kl→ π+ π- π0 

  3. Ks→ π+ π- γ; Kl→ π0 π0 π0 

Total background

n. expected events 
from MC

59
155
131

345 ± 28 (syst. due to accidental 
clusters simulation)

n. observed events 3750 

N
� '�

N
obs.

 - N
bkg.

 = 3405  ± 65
stat.

 ± 28
syst.
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DATA/MC comparison

Mη′
 (MeV)

Ks→ π+ π-  
Kl→ π0 π0 π0

Ks→ π0 π0  
Kl→ π+ π- π0

Ks→ π+ π- γ  
Kl→ π0 π0 π0

Signal

Mη′
 (MeV)

η' mass distribution 
after subtraction

φ→η'γ,  η' →π+ π−6γ
wrong combination  

Counting crosscheck
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Preliminary result

( )
( )

( )
[ ] ρηγ

γη

γη

ηγηγ

ε
ε

εε
πηε

ηγφ
γηφ KBRBR

BR
N
N

BR
BRR

RDEF

RDEF

ntrMCntrcrgMCcrg

MC ⋅⋅
+

→
=

→
′→= ′

′

/

/
03

( ) ( )
( ) ( )000

000

πππηηππη

πππηηππη
−+
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nrt

crgwhere

310)20.008.076.4( −⋅±±=R

%3%5.1%4.0%08.04.1%3.1%1 ⊕⊕⊕⊕⊕⊕
Filfo-EVCL TRK VTX Bg εη/εη' χ2 BR”

n. h  3

s y s t. dom inated by  the  uncertaintie s  
 on  Br(η′→ηπ+ π- ) and Br(η′→ηπ0π0) 
We  w ill m eas ure  them  w ith 2  fb - 1  

°= +
− )(41.3 2.0

0.6Pϕ
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 Br(h )  measurements (history)

π− + p  → η + n  
   CERN, Brookhaven , 
   GAMS, AGS/ CB

π+ + d  → p  +  p  +  η   (67)

π+ + p  → π+ + p  + η (67,69)

Κ− + p  →  Λ + η (70 AGS)

π+ + n  → η + p   (71)

π− + n  →  π− + n  +  η (80)

φ →ηγ  (SND 01)
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 Br(h ) theoretical predictions 1/2

ChPT o(p4) Br ~ 3.29x10-3 eV/1.29 keV = 2.6x10-6

γ

γ

π+,K+

π-,K-

π0

η8

Suppressed by G parity 
conservation  and kaon 
mass in the loop.

2 order of magni-
tude below PDG 
value

ChPT o(p6) Models needed to estimate the lagrangian 
coefficients

VMD 
saturation Γ6 

VMD 
= 0.18 eV ⇒ Br = 14×10-5

 Γ6 
NJL   

= 0.11 eV ⇒Br = 8.5×10-5
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 Br(h ) theoretical predictions 2/2

ChPT o(p>6+scalar)
η

π0

a0Γall 
VMD+sc 

= 0.42 ±  0.20 eV

Br = (32 ±  15)×10-5 

Chiral Unitary

 Γ 
Ch Unit 

= 0.47 ± 0.10 eV

  Br = (36 ±  8)×10-5 

Quark Box

 Γ 
Quark-Box 

= 0.60 - 0.97 eV

  Br = (47 − 75)×10-5 

η

π0

γ

γ
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 Br(h ) background and selection

5γ final statee+

e-

φ
η

π0

Selection
●5 prompt photons
●Total energy > 800 MeV
●21º <θγ< 159º
●kinematic fit with energy 
momentum conservation

Prompt photon

|t – r/c| < min(5σ
t
,2n s )

not associated to a charged 
track

Main background

  f

(),   a


(h) 

e+  e -  → ()

 h(3)

with lost and merging of 
photons
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The most energetic photon is in the 
main part of cases that coming from 
the φ→ηγ decay (363 MeV)

before kinematic fit

after kinematic fit

We build the invariant mass 
m

4γ
 of the 4 least energetic photon.

DATA – MC comparison

DATA

MC 
the π0 peak is well reproduced

m
π
(MC) = 134.93 ± 0.04 MeV/c2

m
π
(DATA) = 135.08 ± 0.07 MeV/c2

Kinematic fit effect
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Background composition 
obtained by fitting m

γγ
 distri-

bution

Correction factors

0.704  ± 0.008

1.07  ±  0.04

0.4  ±  0.1

2.9  ±  0.3

1.50  ±  0.09

0.68  ±  0.04

0.76  ± 0.06

∼ 900 bins
χ2 = 1.2

mγγ MeV/c2

mγγ MeV/c2

Background composition
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  5 rejection  

φ → f
0
(→π0π0)γ

φ → a
0
(→ηπ0) γ

e+  e -  → ω(→π0γ)π0

φ →ρ0(→η γ)π0,ρ0(→ π0γ)π0

43

3 4

4 5
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π0

φ→ ηγ
φ

π0 π0 π0
7γ

π0

π0 γ
1 γ

2

Merged clusters identification 

x ,y ,z ,trms=
∑i

n.cells
Ei⋅xi−xmean

2

∑i

n.cells
Ei

x ,y ,z ,tskew=
∑i

n.cells
xi−xmean

3

∑i

n.cells
Ei

r=log  Lgood

Lmerged 
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Merged clusters rejection

7 clusters sample

                   r                    r

DATA
MC

φ→ηγ,   η →3π0

 ——  good
 ——  m erged

barrel endcap

barrel 3 hits r endcap  3hits  r

MC 5 clusters
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The shape of background 
+ signal after fit well 
reproduce the DATA.

P
bkg

 = 0.907 ± 0.049

P
sig

 =  0.093 ± 0.031

N
DATA 

= 735

N
bkg

 = 667 ± 36         Ν
sig

=68±23
ε(η→π0γγ) = 4.63 ± 0.09 (only stat)
Ν(η→3π0) = 2288882
ε(η→π0π0π0) = 0.378 ± 0.08

syst
± 0.01

stat

 Preliminary results

Br(η→π0γγ) = (8.4 ± 2.7 ± 1.4) × 10−5

Prelim inary
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Comparison with theory (preliminary)

Cry s tal 
Ball

(2004 )

GAMS 
(19 84

)

KLOE

KLOE 1
KLOE 2
KLOE 3
O(p 6) calcu lat ions

•  Factor ~  10  le s s  than GAMS 
•  Marginally  com patible  w ith Cry s tal Ball
•  Good agreem ent w ith O (p 6) calculations

[1] [2] [3] [4] [5] [6] [7] [8]
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The decay  h  3    is sensitive to the d-u quark mass differences: 

2

22
2

2

2
33

),,(
)(

1
),,(

π
π

π F

utsM
mm

m
m

Q
utsA K

K −=
With:

22

22
2 ˆ

ud

s

mm

mm
Q

−
−≡

A good understanding of M(s,t,u) 
can lead to an accurate determina-
tion of Q:

42
)3( −∝∝→Γ QAπη

h3 analysis

Dalitz plot study:

 |A(X,Y)| 2 =  1+ aY+ bY2+ cX+ dX2+ eXY+ fY3

( )tu
QM

−=−= +

ηηη 2

3

Q

TT
3X -

( ){ } 1
2

3
1

3 20
0 −−−=−= smm

QmQ

T
Y

πη
ηηη

h

02
ππηη mmmQ −−= +

h

|A|2 ∝ 1 + 2αz
z=2

3
∑i=1

3  3Ei−m

m−3m0 
2

=
2

max
2

ρ    = Distance to the center of the Dalitz plot,
ρmax = Maximum value of ρ.
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The final state for h  is , and the final state 
for h  is 7, both with  no background in the same final 
state. 

 selection:
•  2 track vertex+3  candidates
•  Kinematic fit

   selection:
•  7  candidates
•  Kinematic fit

φ→ηγ

h 3 selection
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h

147

Ndf

-0.006 
±0.008

-0. + 0.013

e

0.13 ±0.01

-0.01 +0.02

f

0.047 ±0.006

-0.005  
+0.004

0.0001 ± 
0.0029
-0.0021 
+0.0003

0.117 ± 0.006

-0.006  
+0.004

-1.072 ± 0.006

-0.007 + 
0.005

60%

dcbaP(χ2) 

• By  us ing this  re s ult ⇒ Q =  22 .8  ± 0 .4  
     [B.Martem yan ov,V.Sop ov, PRD 71 (2005) 017501]

⇒  v io lation of the  Das hen theorem   (QDas h.=  24 .2   if  (m 2
π+ - m 2

π0)em =  (m 2
K+ - m 2

K0)em )

B/ S ≈ 0.8%

KLOE PRELIMINARY
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η → π+π−π0 asym m etr ies  s tu d ies

A =  (- 0.009 ± 0.093) •10 - 2

APDG=  (- 0.09 ± 0.17) • 10 - 2

−+

−+

+
−=

NN

NN
A

− +
577741 577849

12

3 4

196104196264

381585 381637

4321

4231

NNNN

NNNN
Aq +++

−−+=

APDG=  (- 0.17 ± 0.17) • 10 - 2

Aq =  (- 0.02 ± 0.09) • 10 - 2

Quadrant Asymmetry

64082

304455

209204209043

304930

63876

654321

642531

NNNNNN

NNNNNN
Aq +++++

−−−++=

APDG=  (0.18 ± 0.16) • 10 - 2

As =  (0.07 ± 0.09) • 10 - 2

Sextant AsymmetryKLOE
PRELIMINARY
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      Cutting on:
 Minimum χ2 value
 ∆χ2 between “best” and “second” combination

 One can obtain samples with different purityefficiency
Purity= Fraction of events with all photons correctly 
matched to  ‘s 
Best purity obtained is 98.5%
with 4.5% efficiency                                                              
             

h  3matching  to  ‘s

A  like variable is built for each 
of the 15 combinations in order 
to find the correct matching of 
photons to  ‘s

2=
m12

−m02

12
2 

m34
−m02

34
2 

m56
−m02

56
2

After pairing a second 
kinematic fit is performed 
with � masses constraints.
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Reconstructed Efficiency

 = -0.013 ± 0.004 stat   0.005 syst

 = -0.031 ± 0.004 stat+syst

Cfr.current best measurement
 (Crystal Ball):

h slope parameter KLOE
PRELIMINARY
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•  The  s tudy  o f the  s calar m es ons   f0(980 ) and a 0(980 ) is  in  progres s
•   f it to  s ev eral m ode ls  to  extract the  re lev ant couplings  

•  η decay s :
•   s lope  param eters  o f the  Dalitz  plo t o f η→π+ π- π0 and η→π0π0π0;
• Br(η→π0γγ) s m aller than the  prev ious  m eas urem ents
• η rare / forbidden decay s  (not included in  this  talk)
Br(η→π+ π- ) <  1 .3×10 - 5 @ 90% C.L. [Phys.Let t .B606 (2005) 276]

          Br(η→γγγ) <  1 .6  ×10 - 5 @ 90% C.L. [Phys.Let t .B591 (2004) 49]

•  φ→η′γ  in  π+ π-  +  7  γ f inal s tate , in  agreem ent w ith the  KLOE prev ious  
   res ult in  π+ π-  +  3  γ f inal s tate

•  Current data- taking: factor o f ~  5  expected in  integrated lum inos ity
• Com ple te  the  analy s es  in  progres s
• Search for Sca la rs→
• Meas ure  the  η decay s  w ith high s tatis tics , (~   90×10 6  ev ts  expected)
• η m as s  m eas urem ent

KK

Conclusions
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×

DANE operation

Machine parameters

e+ current          1.3 A
e-  current          1.7 A 
bunches          109+109
Injection 
period              ~20 min
time operation  24h/day

L
peak

       1.26×1032 cm2s-1

L
int

/day            8 pb-1
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KLOE physics out of this talk 

KAON PHYSICS
Absolute branching ratio measurement via tagging techniques 

φ→Κ
S
Κ

L
φ→Κ+

 
Κ-

tag (beam) beam (tag) tag (beam) beam (tag)

K
L
, K± lifetime measurement.

INTERFEROMETRY

( )pppp ,,,,
2

1
SLSL KKKKi −−−∝

Coheren t  KL 
regenerat ion  on  beam  
p ip e

Almost monochromatic Kaons
 
Kaon pairs are produced in a pure  JPC = 1 - - state

∆t/ τS

€  

Iπ+π−,π+π−;∆t( )


