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MC production for 2001MC production for 2001--2002 analysis2002 analysis
Ambitious program for MC development and production

Comprehensive upgrades
Both MC executable and production procedure affected:
• Improved detector simulation
• Inclusion of accidental activity from machine background
• MC DST’s to provide transparent user interface 

Each run in data set individually simulated
• √s, pφ, xφ, background, dead wires, trigger thresholds

Simulated event samples statistically comparable to data
φ → all 450 pb−1 at 1:5 Lum scaled 255 Mevents
φ → KSKL 450 pb−1 at 1:1 Lum scaled   410 Mevents



MC production statusMC production status

Generation Events 
requested

Time 
(CPU days)

Size
(TB)

φ → all
255M
450 pb−1, 1:5

1100
(375 ms/ev ) 6.9

e+e- → ππγ
PHOKHARA 3.0

36M
140 pb−1, 5:1

110
(264 ms/ev) 0.8

φ → KSKL
410M
450 pb−1, 1:1

1800
(375 ms/ev) 11.0

Radiative φ decays, radiative bhabhas and φ-> 3π presently
under generation 



KaonKaon physics at KLOEphysics at KLOE

KS → πeν Phys. Lett. B537 21 (2002)
Preliminary update with 2001-2002 data

KS → π0π0π0 Preliminary results

τKL from KL → 3π0 Preliminary results

K± → µν
K± → π±π0 Preliminary results

KL → γγ/KL → 3π0 Phys. Lett. B566 61 (2003)

KL → charged Preliminary results
K± → π±π0π0 hep-ex/0307054    submitted to Phys. Lett. B

K± → π0π0e±ν Preliminary results
Vus Prospects & preliminary results



1) Neutral Kaons



KKSS →→ ππ−−ee++ν, ν, ππ++ee−−νν : : situation June ‘03situation June ‘03

KLOE preliminary (170 pb−1 ’01 data)

BR(π−e+ν) =  (3.46 ± 0.09 ± 0.06) ⋅ 10−4

BR(π+e−ν) =  (3.33 ± 0.08 ± 0.05) ⋅ 10−4

BR(πm e± ν) =  (6.81 ± 0.12 ± 0.10) ⋅ 10−4
6 7 8 ⋅10−4

CMD-2 ’99

from KL

KLOE ’02
Phys. Lett. B537 21 
KLOE ’03 prelim.

Emiss-pmiss (MeV)

3500 ev/MeV

2500 ev/MeV

Different efficiencies and systematic uncertainty from shape



RadiativeRadiative correctionscorrections
New MC generators for ππ and Ke3 
decays including radiated photon, 
without any cutoff on the energy.
The fraction of events in the tail is in 
agreement with present experimental
knowledge:
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π π −− vsvs π π ++
“Pezzetto”

π − and π+  have:
• different paths in the calorimeter
• different time delays for fixed path ⇒ ID from TOF

• DATA and MC were not in agreement
→ fix

Parametrization of these effects using
DATA and MC control samples

centroideRcmnsbnsanst )/()()( +=∆

∼1 ns effect compared to 8 ns TOF



KKSS →→ ππ−−ee++νν, , ππ++ee−−νν : : present situationpresent situation

• improved agreement between DATA/MC shape
• lower discrepancies between different charges
• fit stability vs (Emiss -pmiss) range:  ∆Νsig below statistical accuracy

Nπeν =  23328±255NNππeeνν =  =  23328±25523328±255

1% fractional error on counts implies : 
0.5% fractional error on Vus and 0.01 absolute error on A



Kinematic fit on KS side constraining to the 
expected KL momentum from Kcrash

• 450 (400) pb-1 data (MC) sample analized
• Preselection:

KL interacting in EMC  “Kcrash “  (ε ≈30%) 
6 neutral clusters with 
E > 7 MeV, ∆t <  3.5σt , θ > 22.5° (ε ≈ 58%)

• Normalization: Kcrash +4 γ → 23.6 x 106

• Starting sample of 6 γ → 39728

Analysis steps

-- MC BKG
Data

-- 10Kevents 
MC

Ks → 3π0

To increase signal/noise ratio we construct
two pseudo-χ2 to disentangle between:

1) Ks →2π0 + accidental/splitting (χ2
2π)

2) Ks → 3π0 events (χ2
3π)

(A)

(B)
(C)

χ2
2π

χ2
3π

Search Search forfor KsKs →→ 33ππ00

χ2
fit



(Α)All χ2
2π

(Β) (C)

DataData--MC comparison of MC comparison of χχ22
33ππ projectionsprojections

•MC calibration performed
without cutting on χ2

fit

• ≈3%  “fake ” Kcrash found
(dominated by             

Ks→π+π- , KL→3π0)

Track veto needed

• χ2
fit < 30

• TRACK Veto:
Rejecting events with tracks
coming from interaction
region:  ρ(PCA) < 4 cm

Z(PCA) < 10 cm



LastLast kinematickinematic cutcut

-- MCBG no χ2 cut
• MCBG χ2 < 30
• MCBG χ2 & TRKOK
• MCSIG

After finding the 4 γ satisfying  the Ks→2π0 kinematics (by χ2
2π)

we evaluate the residual energy on the Ks side:

∆E(Ks) = Eks(KineFit)-Σ Eγ

•Cutting all events with ∆E(Ks)< 10 MeV we retain full efficiency on Ks→3π0

• ε(KS →3π0) ( Acc * Sbox* TrkVeto*∆E ) = 26 % after Kcrash tagging



OBSERVED candidates          5
EXPECTED bkg 3.1 ± 1.9

Using for upper limit a conservative BKG estimate µ –1 σ → N < 7.6
Normalizing to BR(Ks→2π0)

VERY  PRELIMINARY

Search for Ks Search for Ks →→ 33ππ0 0 : preliminary result: preliminary result

KLOE preliminaryKLOE preliminary
BR(KsBR(Ks→→33ππ00) < 2.2x10) < 2.2x10--77 @ 90% CL@ 90% CL

NA48 indirect searchindirect search (fitting interference with KL →3π0 )
BR(Ks→3π0) < 1.4x10-6 @ 90% CL
BR(Ks→3π0) < 3.0x10-7 @ 90% CL  (assuming CPTassuming CPT)

Upper limit can still be improved selecting a better SBOX and ∆E cut
using MC
Efficiency and systematic errors still under scrutiny



ττKLKL from from KKL L →→ ππ00ππ00ππ00

τ (τ (KKLL)  )  
((nsns))

fit region

7.3 7.3 MeventsMevents

ττ(KLOE)            =  (51.45 (KLOE)            =  (51.45 ±±0.15 0.15 statstat ) ) nsns
τ τ (PDG)              =  (51.7 (PDG)              =  (51.7 ±± 0.4) ns0.4) ns
τ τ (Vosburg, ‘72) = (51.54 (Vosburg, ‘72) = (51.54 ±±0.44) 0.44) nsns 0.4 0.4 MeventsMevents

tagtag with Kwith KS S → π−π+

at least 3 neutral cluster in EMCat least 3 neutral cluster in EMC

neutral vertex reconstruction and 3neutral vertex reconstruction and 3ππ00

selection as for  selection as for  Γ(KL → γγ) /Γ(KL → π0π0π0)

SelectionSelection

Towards Γ(KL) and Vus measurement
‘‘02 data ~230 pb02 data ~230 pb--11

WithWith 400 pb400 pb--1 1 wewe can can reachreach a a statisticalstatistical accuracyaccuracy of 0.2% of 0.2% 
SystematicsSystematics to be evaluatedto be evaluated



Lesser of Pmiss − Emiss in πµ or µπ hyp. (MeV)

Very preliminary
78 pb−1 ’02 data

KL → πeν

KL → πµν

KL → π+π−π0

KL → π+π−

KKLL →→ charged particlescharged particles

BR(KL → π+π−), similar analysis:
KLOE (2.04 ± 0.04)×10−3

PDG ‘02    (2.084 ± 0.032)×10−3

BR KLOE 
KL → π+π−π0 0.132±0.002
KL → πµν 0.271±0.002
KL → πeν 0.384±0.002

tracking efficiencies from
KL → π+π−π0 and Ke3 samples
tag bias checked:

• stability vs different tags
• stability vs decay volume

shapes:
• Ke3γ generator
• resolutions checked with 

indepent method (PID)
→ insert Kµ3γ generator
→ finalize systematics

Errors are statistical only!(including MC statistics)



VVusus from Kfrom Kll33 decaysdecays

|Vus| = 0.2201 ± 0.0019exp ± 0.0018th

For Ke3 modes:
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K+
e3 K0

e3 K+
µ3 K0

µ3 Old data (Chiang ’72) or PDG fit values
Inclusiveness for Ke3γ  and Kµ3γ ?

KLOE will have BR(K +e3) by Spring

KLOE will measure all BR’s to 0.1% 
level and can also significantly 
improve λ+, λ0, τL

E865
KLOE preliminary KS → πeν 170 pb−1

Consistent with previous measurementsKLOE KS

KLOE preliminary KL → πlν 78 pb−1

Also confirms previous measurements
KLOE KL

hep-ex 0307016

1.2% ⊕ 0.2% ⊕ 0.3% K+e3
0.7% ⊕ 0.8% ⊕ 0.3% K0e3



A first look at interferenceA first look at interference

KSKL → π+π−π+π−: )cos(2|)(| 2/|)|(||||2 tmeeetA ttt LSSL ∆∆−+∝∆ ∆Γ+Γ−∆Γ−∆Γ−

KLOE preliminary
340 pb−1 ’01 + ’02 data

Fit with PDG values for ΓS , ΓL
χ2/d.o.f. = 43.7/47

∆m = (5.64 ± 0.37)×10−11 h s−1

PDG ’02: (5.301 ± 0.016)×10−11 h s−1

First observation of quantum 
interference in relative decay-
time distribution of KS , KL

No simultaneous events:
same final state/  
antisymmetric initial state

Peak position sensitive to ∆m

Coherent KL regeneration
on beam pipe

|t1 − t2|/τ(KS)



2) Charged Kaons



Event selectionEvent selection
1) Tag on one side with K→µν or K→ππ

Preselection:
-⏐zPCA⏐ < 20cm
- ρPCA < 10cm 
- pK ∈(70,130) MeV
Selection:

- ρVTX ∈ (40,150) cm
- dp ∈ (-320,-120) MeV
- p∗(mπ) ∈ (180,270) MeV

2) Require self-triggering tag
3) Look for signal on the other side

Study tag bias for absolute BR’s  and differences between Study tag bias for absolute BR’s  and differences between 
KK→→µνµν and Kand K→→ππππ tagstags



KK±± →→ µµ±±νν Tag BiasTag Bias
DC selection (p∗, mµ mass hypothesis)
Trk-to-Clu for µ track
µ-cluster fires 2 trigger sectors (self-triggering)

Tag K+ Signal K− Tag K− Signal K+

K+ → µ+ν − 1.0 ± 0.4 %

K+ → π0e+ν + 0.9 ± 0.4 %

+ 1.3 ± 0.4 %

− 1.9 ± 0.4 %

+ 6.6 ± 0.4 %

+ 17.7 ± 0.4 %

K+ → π0µ+ν

K+ → π+π0

K+ → π+π0π0

K+ → π+π+π−

K− → µ−ν − 1.3 ± 0.4 %

K− → π0e−ν + 0.1 ± 0.4 %

K− → π0µ−ν + 1.3 ± 0.4 %

K− → π−π0 − 0.9 ± 0.4 %

K− → π−π0π0 + 4.5 ± 0.4 %

K− → π−π+π− + 19.1 ± 0.4 %

each MC sample: 4 pb-1 for 20 pb-1 of Data

K± → π± π0 Tag Bias at the same level



KK±± twotwo--body decaysbody decays

Two different strategies for BR’s measurements have been developed

1) event counting:

absolute BR(K± → µ±ν )

2) fit the distribution of the momentum of the secondary 
track  (p*) in the kaon rest frame:

• absolute BR(K± → µ±ν )
• absolute BR(K±→π±π0 )
• BR(K± →π± π0)/BR(K± →µ±ν)



Tag
- “recover” K from EvCl2 

(TagDecay)
- p∗(mµ): 3σ cut
- Trk-to-clu for µ-track
- 2 trigger sectors fired 

by the µ (self-trigger)

Tag
- “recover” K from EvCl2 

(TagDecay)
- p∗(mµ): 3σ cut
- Trk-to-clu for µ-track
- 2 trigger sectors fired 

by the µ (self-trigger)

Signal (DC only)
- Look for K (TagDecay preselection)
- 2-tracks vertex
- ρVTX ∈ (40,150) cm
- p∗(mµ): 3σ cut

Signal (DC only)
- Look for K (TagDecay preselection)
- 2-tracks vertex
- ρVTX ∈ (40,150) cm
- p∗(mµ): 3σ cut

KK±± →→ µµ±±νν absolute BRabsolute BR

Efficiency measured directly from data
- Tag in one side
- One “µ-cluster” besides the tag one:

0 cluster with ECLU ∈(EA,EB) MeV
1 cluster with ECLU ∈(EB,EC) MeV

- taking into account for differences
between DATA/MC



KK±± →→ µµ±±νν absolute BRabsolute BR
Cosmic veto/T3 efficiency: 0.2% 

BR(K+→µ+ν)  and BR(K-→µ-ν) 
have a statistical error of 0.12%
difference consistent with nuclear 

interaction cross section

2001-2002 Data/MC K+ (%) K- (%)
NSIG/NTAG (Stat) 0.051 0.053
Efficiency (Stat) 0.059 0.062
Correlation (Stat MC) 0.050 0.051
Tag Bias (Stat MC) 0.076 0.076
Cosmic veto/T3 (Stat) 0.030 0.030
Total 0.12 0.13

Systematics still under study, all necessary because



p*(mπ) (MeV/c)

χ2= 631/654

KK±± twotwo--body decays: fit p* distributionbody decays: fit p* distribution

DATA 30 pb-1

• Self-tag on one side
• Vertex with 2 tracks in DC on the signal side

Selection

Fit procedure
1) the shape of ππ0 and µν peaks 

from the two ”µ-cluster” sample 
2) MC shape for 3-body decays

εΚ = (41.84 ±0.23syst) % (2001-2002)
εVTX on going work

Efficiencies for ππ0:



BR(BR(KK±± →π→π±± ππ00)/BR(K)/BR(K±± →µ→µ±±νν))

cosK.KselKfit.Ktrg
window.exp
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Ktrigger - trigger efficiency, 
extracted from data

Kfit - efficiency of signals and
background rejection, based on 
MC data and performed of data,

Ksel - selection efficiency,
from MC and data

Kvetocos - efficiency of cosmic 
veto rejection, data

π - hyphotesis for secondary particles

Selected π - window : 190 - 220 MeV/c

Selected µ - window : 220 - 260 MeV/c



  0.00220.00030.3346
ν)µBR(K

)ππBR(K (syst.)(stat.)
0 =±±=±→±

±→±

)0.00650.0009(10.3346 (syst.)(stat.)±±×

BR(BR(KK±± →π→π±± ππ00)/BR(K)/BR(K±± →µ→µ±±νν)) Preliminary

Both triggers employed

New checks on  Ktrg and Kcos

Result is in good agreement with 
world data
Statistical error negligible due to the
huge sample of kaon decays (more 
than 6.5 M; 2002 Data).  
Systematic  error ( 0.65 %) dominates 

Result can be updated by further
investigation of MC/DATA uncertainties 
Include calculation of K → µνγ decay



KK±± →→ ππ±±ππ00ππ00

Asymmetries in K± rates (~10−8) and Dalitz slopes (~10−5) signal direct CP 
viol.
Dalitz slopes give information on ∆I = 1/2, 3/2 amplitudes for K → 3π decays

BR(K± → π±π0π0)
PDG ’02 fit (1.73 ± 0.04)%
KLOE preliminary hep-ex/0307054
(1.810 ± 0.013 ± 0.017)% 

Preliminary fit to Dalitz plot
F(X,Y) = 1 + gY + hY2 + kX2

Y ∝ T*(π ±) X ∝ ∆T*(π0π0)

PDGKLOE

0.0197±0.00540.0055±0.0026±0.0018k
0.057±0.0180.030±0.010±0.013h
0.652±0.0310.586±0.010±0.012g

441 pb-1 ’01+’02 data
187 pb-1 counted as signal

Submitted to PLB



KK±± →→ ππ00ππ00ee±±νν (K(Ke4e4′′))

• Test of  ∆I = ½ rule:
Γ(Kl4

±) = 2Γ(Kl4′) = ½Γ(Kl4
0)  

|F(Kl4
±)| = |F(Kl4′)|

• For Kl4′, ml = 0: 
Γ = CF |F|2 |Vus|2   ⇒ F form factor

Kl4
± K± → π+π−l±ν

Kl4′ K± → π0π0l±ν
Kl4

0 KL → π0πml±ν

χ2 from kinematic fit

Nobs = 407±20
Nbkg = 152±18

KLOE preliminary 
(441 pb-1 ’01 + ’02 data)
BR(Ke4′)= (2.43 ± 0.20 ± 0.22) × 10 –5

PDG fit:      (2.1 ± 0.4) × 10-5

Barmin 88: (2.54 ± 0.89) × 10-5

KLOE preliminary 
(441 pb-1 ’01 + ’02 data)
BR(Ke4′)= (2.43 ± 0.20 ± 0.22) × 10 –5

PDG fit:      (2.1 ± 0.4) × 10-5

Barmin 88: (2.54 ± 0.89) × 10-5



φφ radiativeradiative decaysdecays and and σσ(e(e++ee−− →→ hhhh)) at KLOEat KLOE

φ → f0γ, a0γ
φ → f0γ → π0π0γ
φ→ f0γ → π+π−γ

Phys. Lett. B536 209 (2002), B537 21 (2002)
Preliminary update with 2001-2002 data
Preliminary results

η→ π+π−π0

η → 3π0

η → π+π−γ
η→ π0 γγ

Preliminary results

η → 3γ
hep-ex/0307042  to be submitted

BR(η → 3γ) ≤ 1.6×10−5 95% CL

σ(e+e− → hadrons) hep-ex/0307051   update



3) φ → f0γ



σ(nb)

2001 + 2002  data:
φ → π0π0γ visible x-section

√s in Y2000 data √s (MeV)

• Not negligible dependence on √s
• Very few events @ Y2000 √s value
• Analysis repeated selecting a √s
region symmetric wrt peak (σ0)

√s (MeV)

Lint = 147 pb-1

φφ →→ ff00γγ →→ ππ00ππ00γγ updateupdate : : samplesample selectionselection

1019.55 < √s < 1019.65



Mππ spectra, normalized to Lint

φφ →→ ff00γγ →→ ππ00ππ00γγ : : ‘‘01+’02 data @ 01+’02 data @ √√s=1019s=1019.6.6

Nππγ = 18511 ± 184

BR = (0.98 ± 0.01stat)×10–4

The central value is ~ 10% lower
than Y2000

[ BR2000= (1.09 ± 0.03 ± 0.05)×10–4 ]

→ Work in progress in order to understand this discrepancy

→ Perform the analysis for all available √s values in order to
extract the BR by fitting the line shape



• The large statistics allows now to perform a Dalitz plot fit
to extract all contributions and the interference

• Photon’s pairing is a crucial point of the Dalitz plot analysis. 

Analysis in progress

A first look at A first look at φ φ →→ ππ00ππ00γ γ DalitzDalitz plotplot



PairingPairing procedure procedure 

Cutting at ∆χ2>1 :

1.  the analysis efficiency for signal decreases of ~ 20% (εtot ~ 45%)

2.  the pairing efficiency becomes : εpair ~ 94% , flat in Mππ

• In order to be processprocess independentindependent,,
we developed a pairing procedurepairing procedure
which pametrizes the  which pametrizes the  ππ00 massmass
resolution as a function  of resolution as a function  of γγ’s’s
energy resolutionenergy resolution after kinematic fit:

σM/M = 0.5 ( σE1
/E1 ⊕ σE2

/E2 )

• To improve the overall efficiency, the
difference beween the two best
selection χ2 is exploited.



sample Lumin.
(pb-1)

#events Rate 
(nb)

total 349 675590 1.936

2001 115 221178 1.923

2002 234 454412 1.942

• 2 tracks from I.R.
• 1 photon at θ > 45o

M(π+π−) spectrum             
normalized to L

Red  = 2001 data
Blue = 2002 data

Search for fSearch for f00(980) (980) ππ++ππ−− in in ππ++ππ−−γγ
Selection

⇒ f0 signal

(ISR+FSR large contribution in signal region)



Best fit is with no interf. χ2 =688 / 483 d.o.f.

• 7 free parameters
• BCK: M( ρ0 ), Γ( ρ0 ), α , β
• signal: g2

f0KK/4π , R , M(f0)
• 3 interference schemes: +, no, -

[ ]
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Subtracted spectra

The shape of the subtracted spectrum is 
almost independent on the background 
parameters

Search for fSearch for f00(980) (980) π π ++π π −− : : the fitthe fit

⇒



4) η decays



η η →→ ππ++ππ−−ππ00

Study of Dalitz plot gives u-d quark mass difference and sheds light on      
isospin-breaking mechanisms

Fit with a, b, d free parameters,
c, e fixed to zero
χ2/Ndof = 33/38

When treated as free parameters:
c = −0.008±0.010
e = 0.01±0.03

Will limit C violation in η → 3π Expansion of Dalitz plot:
A(X,Y) ∝ 1 + aY + bY2 + cX + dX2 + eXY

Y + 1 ∝ T*0

KLOE preliminary, ~100 pb−1

352K η → π+π−π0 events

X ∝ T*+ − T*−

PDGKLOE

0.046±0.0310.05±0.03+0./-0.01d
0.034±0.0270.020±0.03+0./-0.08b
−1.08 ±0.014-1.05±0.0.1+0.02/0.a



η→πη→π00ππ00ππ00

Dalitz Plot parameter definition: 

|A|2 ∝ 1 + 2αz
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• Important the convolution with 
energy resolution function

• From very preliminary study 
on 1/10 available statistics
0.014 accuracy on α

Therefore with all statistics we can reach Crystal Ball accuracy

Alde (1984)                − 0.022 ± 0.023
Crystal Barrel (1998)     − 0.052 ± 0.020
Crystal Ball   (2001)     − 0.031 ± 0.004



η→πη→π++ππ-- γγ
• Mππ spectrum sensitive to box anomaly
• Charge asymmetry related to C violation
• Most recent BR measurement dates 1973

( )
)( 0πππη

γππη
η −+

−+

→
→

=
BR
BRR

Mππγ (MeV)Mππγ (MeV)

Lint(2001) =95.7pb-1

KLOE preliminary, 95.7 pb−1 (‘01)

Rη = 0.202±0.002±0.002
BR(η→π+π−γ)=(4.56±0.04±0.09)%
AS        = (0.8±0.4)x10-2

Rη
PDG = 0.207±0.004

BRPDG(η→π+π−γ)=(4.68±0.11)%
AS

PDG = (0.9±0.4)x10-2



η→πη→π00γγγγ

- GAMS-2000 (1981): (π-p→ηn)
6 × 105 η produced ; 38 evts. Br(η→π0γγ) = (9.5±2.3)×10-4

– GAMS-2000 reanalysis (1984):                           Br(η→π0γγ) = (7.1±1.4)×10-4

– SND (2001): 2.6 × 105 φ→ηγ ; Br(η→π0γγ) < 8.4 ×10-4@90% C.L.
– Crystal Ball (preliminary)

2 × 107 η produced; 120±40 evts.  ⇒ Br(η→π0γγ) = (2.7±0.9)×10-4

KLOE: with 2001 + 2002 statistics ⇒ ~ 2 × 107 η produced
(same as Crystal Ball)

This decay is a window on rather high order corrections in ChPT
Leading term O(p2)  is absent
tree-level amplitude O(p4) is also zero
loop contributions O(p4) plays a very minor role:

chiral expansion starts from O(p6) 
eV 7x104)( 30(4) −÷=→ γγπηΓ⇒

Experimental status



η→πη→π00γγγγ : : DATA DATA –– MC comparisonMC comparison
DATA MC – φ→ all 

MC no sig. MC no sig
-DATA

Emax (MeV)Emax (MeV)

signal
Background is the crucial point:

• f0, a0 and ωπ0 “easily” reduced

• φ→ηγ→π0π0π0γ
1) with lost photons
2) with merged clusters

No clear signal of η→π0γγ because η→π0π0π0 background simulates signal

A dedicated study to identify merged clusters is in progress.
MC shows its use could improve S/B by factor 1.5



5) σ(e+e− → hadrons)



σσ(e(e++ee−− →→ hadrons)hadrons)
KLOE preliminary: 140 pb−1 ’01 data, 1.5M events hep-ex/0307051

sπ (GeV2)

dσ(e+e− → π+π−γ)/dsπ

H(sπ) from

PHOKHARA

nb
/G

eV
2

Fπ = 1

Fπ

Angular cuts ensure:
•High statistics for ISR events
•Very low contribution from 

FSR-only events
•Reduced background contamination



σσ(e(e++ee−− →→ hadrons)hadrons)

ISR: 
Mππ

2 = s′

FSR: 
Mππ

2 = s′≠ s

the radiator H assumes  M2(γ*)=M2(ππ)
but  M2(ππ) ≠ M2(ππγFSR) = M2(γ*)

σ(ππ) =
H(sπ)

dσ(ππγ)/dsπ

For aµ we need the inclusive cross section: e+e− → π+π−(γ), γ from FSR 

resume ISR+FSR events eliminated by kinematic cuts
Now evaluating this correction with PHOKHARA v3.0
in which the FSR photon is flagged  



Summary of systematic errorsSummary of systematic errors
Experimental 

Trigger + TV: 0.2%
Tracking: 0.3%
Vertex: 0.7%
Likelihood: 0.1%
Filfo: 0.6%
Trkmass: 0.2%

Acceptance: 0.3%

Bckg subtr: 0.5%

Total: 1.2% 

2% 

1% 

Theory
• Vacuum Polarization in Babayaga has been

checked by the Pavia group at 0.1% level
• Comparison of Babayaga with other generators

Bhagenf (460.8 ± 0.1STAT) nb
Babayaga 3.5     (459.4 ± 0.1STAT) nb
BHWIDE (456.2 ± 0.1STAT) nb
VEPP-2000 (455.3 ± 0.1STAT) nb

Radiator H: 0.5%
Vacuum Polarization: 0.1%
Luminosity: 0.6%

Total: 0.8%

Additional error of 1% due to the treatment of FSR
which should diminish drastically because total
effect in only 3% 

It will go to 1%



σσ((ee++ee−− →→ ππ++ ππ−−))

M2
ππ (GeV2)

nb

bare cross section integrated in the region
0.37 GeV2 < M2

ππ < 0.93 GeV2

KLOE result: aµ
ππ (0.37-0.93)  =  378.4  ± 0.8stat ± 4.9syst ± 3.0theo ± 3.8FSR

0.2% 1.2 %        0.8%      1%
0.2% 1.0%         0.8%

Published CMD-2 result: aµ
ππ (0.37-0.93)  =  378.6  ± 2.7stat ± 2.3syst+theo

∫∝
ππaµ ds σ(e+e− → π+π−) K(s)

Results for Results for aaµµ
hadhad

It will go to



6) Γ(φ → e+e−)



Forward backward asymmetry  AForward backward asymmetry  AFBFB

Enhanced sensitivity to Γee

with respect to σee

Luminosity not needed
Partial cancellations
(eff, bkg, syst.) 
Γee depends on absolute
asymmetry difference

A = Ast + AΦ

σ = σst + σΦ + I

W (MeV)

AFB =  σF – σB
σF + σB

1,6 keV

1,1 keV



Selection and fit resultSelection and fit result

Red - Data sample: 
scan 2002, 3 energy 
points, 7 pb-1 each

Blue - Monte Carlo: 
Geanfi (no interfer,
Babayaga generator) 

Red - Data sample: 
scan 2002, 3 energy 
points, 7 pb-1 each

Blue - Monte Carlo: 
Geanfi (no interfer,
Babayaga generator) 

AFB

W (MeV)

Γee=1.32 ± 0.05  keV

Fit function :

born + rad + bes (d.p.)
rec

true

Selection:
• W’/W >0.95
• 53o< θ <127o



SystematicsSystematics
• 3 mrad θrec resolution ~ 10-2   keV

• Γtot uncertainty ~ 10-2 keV

• eff uncertainty ~ 10-3   keV

• bkg uncertainty ~ 10-3   keV

• ω exhange contribution ~ 10-3   keV

• radiative cut ~ 1.7·10-2  keV

KLOE                  1.32 ± 0.05 ± 0.02 
CMD-2 (1999) 1.32 ± 0.02 ± 0.04

CMD-2 (2003 reanalysis) 1.36

From muons we expect same statistical accuracy



ConclusionsConclusions
Recently completed ambitious new MC production campaignRecently completed ambitious new MC production campaign

culmination of 1 year of effort
vastly improved simulation with background insertion 

and MC DST’s

of fundamental importance for recent improvements

on results of various analyses 



ConclusionsConclusions
KLOE is gathering the fruit of its unique physics programKLOE is gathering the fruit of its unique physics program

Precision measurements of relatively rare processes, 
first observations & new upper limits

More and more KLOE measurements are the best

This demonstrates the importance of  the KLOE  This demonstrates the importance of  the KLOE  
program in program in sheddingshedding light on a long list of  physicslight on a long list of  physics

topicstopics

We are waiting anxiously for 
much more data
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