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KLOE Physics Program
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K A O N physics
CP violation studies

• double ratio
• interference

CPT violation studies 
• Semileptonic Asymmetries

K S , L → π+ e− ν / π− e+  ν
• interference

Vus, K form factors
K L → π± lm ν, K± → πο  l± ν

Rare KS,L decays

Non-K A O N physics
Radiative φ φ decays
φ → fo(980)  γ, a o(980)  γ
φ → η  γ,  η′ γ
φ φ →→ ρ π,  πρ π,  π++ ππ−− πποο

Continuum physics
e+e- →→hadrons  (via radiative return)
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Summary of  DAΦNE Operations

Design 2002

uMax number of bunches 120 51

u Lifetime (min) 120 40

u Bunch current (mA)  40 20

u Single Bunch lum. (1030 cm-2s-1)        4.4 1.5

u Peak Luminosity (1032 cm-2s-1)           5.3 0.75 

u φ per year (109)                                   15                  0.9 

pb-1pb-1 March 1st 1998:
First collisions

1999 run:    2.5 pb-1

detector calibration

2000 run:  25 pb-1 

7.5 x 107 φφ
first published results

2001 run: 190 pb-1 

5.7 x 108 φφ
 analysis in progress

2002 run: 300 pb-1 

9.0 x 108 φφ
 analysis in progress
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DAΦNE in 2002: still improving

KLOEKLOE

DEARDEARDEARDEAR



The KLOE detector

Electromagnetic Calorimeter (EMC)
ð Lead/Scintillating - Fiber calorimeter

ð 24 Barrel Modules

ð 64 End-Cap Modules

ð 4880 channels
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Detector related issues

year 2000
physics is a tiny fraction
computing was used for
tracking background 
events

year 2001
DAΦNE gave more physics

year 2002
Physics is now 23 %
computing is now used 
for useful physics

Physics/[Phys.+Back.] 
(%)

Physics/[Phys.+Back.] 
(%)

CPU time

Triggers

• KLOE Detector performing according to design

• No aging so far

• Suffering intense, time varying, bkg from DAΦNE

• KLOE Detector performing according to design

• No aging so far

• Suffering intense, time varying, bkg from DAΦNE

YearYear



KLOE Published Results: 2000 data

Kaon Physics

ΓΓ(KS →→ ππ++ππ−−(γ)) / Γ((γ)) / Γ(KS →→ ππ00ππ0 0 ))

BR(KS →→ ππ±± emm ν)ν)

Non- Kaon Physics

φφ→→ ηπηπ00γγ [ao(980)  γγ]

φφ→→ ππ00ππ00γγ [fo(980)  γγ]

φφ→→ ηη'γγ / φφ→→ ηγηγ [ηη'-η η mixing ]



Kaon Physics



Ks→ππ++ππ−−(γ)(γ) / Ks→ππ00 ππ00

KLOE 2000 data    2.239 ± 0.003(stat) ± 0.015(sys)

PDG 2002                2.197 ±± 0.026

KLOE 2000 data    2.239 ± 0.003(stat) ± 0.015(sys)

PDG 2002                2.197 ±± 0.026
• Measurement done on Y2K 17 pb-1

N( Κs→π+π− ) =1.098×106

N( Κs→π0π0 ) = 0.788 ×106Phys. Lett. B 538 (2002), 21



Isospin decomposition

While with the KLOE measurement
δ0−δ2 ≅ (48±3)°

While with the KLOE measurement
δ0−δ2 ≅ (48±3)°

Using PDG values for the K0→ π+π−/π0π0 BRs:
δ0−δ2≅(56.7±3.8)°

Using PDG values for the K0→ π+π−/π0π0 BRs:
δ0−δ2≅(56.7±3.8)°

This value is in disagreement with:
• the prediction from O(p2) χpT [Gasser et al. ‘91] δ0−δ2≅ (45±6)°

• the value from ππ scattering [Gasser et al. '01] δ0−δ2≅ (45.2±1.3 ± )°4.5  
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KS → π+ e− ν / π− e+  ν

KLOE PRELIMINARY

KS →→ ππ+ + e−− ννKS →→ ππ+ + e−− νν KS →→ ππ−− e+ + ννKS →→ ππ−− e+ + νν

BR(π(π−− e+ + ν)ν) = = (3.44 ± 0.09 stat ± 0.06 syst)  10−4

BR(π(π−− e+ + ν )  =ν )  = (3.31 ± 0.08 stat ± 0.05 syst)  10−4

BR(π(π±± emm ν ) =     ν ) =     (6.76 ± 0.12 stat ± 0.10 syst)  10−4

BR(π(π−− e+ + ν)ν) = = (3.44 ± 0.09 stat ± 0.06 syst)  10−4

BR(π(π−− e+ + ν )  =ν )  = (3.31 ± 0.08 stat ± 0.05 syst)  10−4

BR(π(π±± emm ν ) =     ν ) =     (6.76 ± 0.12 stat ± 0.10 syst)  10−4

140 pb-
1 (2001)

140 pb-
1 (2001)

KLOE PRELIMINARY
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Leptonic Asymmetries

〈e+π−νHWKK0〉 = a + b
〈e−π+νHWKK0〉 = a*− b*

〈e−π+νHWKK0〉 = c + d
〈e+π−νHWKK0〉 = c*− d*

〈e+π−νHWKK0〉 = a + b
〈e−π+νHWKK0〉 = a*− b*

〈e−π+νHWKK0〉 = c + d
〈e+π−νHWKK0〉 = c*− d* c = d = 0∆S=∆Q

b = d = 0CPT

Im a = Re b = Im c = Re d = 0CP

Im a = Im b = Im c = Im d = 0T

AAS,L = 
Γ+

S,L − Γ−
S,L

Γ+
S,L + Γ−

S,L

AAS = 2ℜ(εK )+2ℜ(δK )+2ℜ(b/a)−2ℜ(d*/a)

AAL = 2ℜ(εK )−2ℜ(δK )+2ℜ(b/a)+2ℜ(d*/a ) 

∆S≠∆Q 
and CPT

CPT 
in decay

CPT 
in mixing

CP

AAS − AAL≠0 implies CPT AAS − AAL≠0 implies CPT 

ΓS
semi

ΓL
semi

= 1+4ℜ(x+) ≈1+4ℜ(c*/a)



Comparison with KTeV/CPLEAR

Asymmetries Test of ∆∆S=∆∆Q

kTEV AA(Κ(ΚL)=)=(3332(3332±±5858±±4747 )) 10 10 −−66

KLOE AA(Κ(Κs)=)=(1.9(1.9±±1.71.7±±0.60.6 )) 1010−−22

kTEV AA(Κ(ΚL)=)=(3332(3332±±5858±±4747 )) 10 10 −−66

KLOE AA(Κ(Κs)=)=(1.9(1.9±±1.71.7±±0.60.6 )) 1010−−22

CPLEAR ℜℜ((x+)=)=((−−1.81.8±±4.14.1±±4.54.5 )10)10−−33

KLOE ℜℜ((x+)=)=(+2.2(+2.2±±5.35.3±±3.5)103.5)10−−33

CPLEAR ℜℜ((x+)=)=((−−1.81.8±±4.14.1±±4.54.5 )10)10−−33

KLOE ℜℜ((x+)=)=(+2.2(+2.2±±5.35.3±±3.5)103.5)10−−33
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KL→charged

KL →π→πeνν

KL →→ππ+ππ-ππ0

KL →π→πµνµν

KL →→ππ+ππ-

Pmiss-Emiss (MeV)

KLOE(2002)     
Kµ3=0.384±0.002(stat)  
Ke3=0.271±0.002(stat)  
Kπ3=0.132±0.002(stat) 

Kππ= (2.04±±0.04)10-3

PDG 

Kµ3=0.388±0.003 
Ke3=0.272±0.002  
Kπ3=0.126±0.002     

Kππ= (2.08±±0.03)10-3
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KL→γγγγ / KL→ππ00 ππ00ππ0 0 

KLOE: ττL = 51.5 ± 0.5 ns

PDG:   ττL = 51.7  ± 0.4 ns 

KLOE: ττL = 51.5 ± 0.5 ns

PDG:   ττL = 51.7  ± 0.4 ns 

KKLL→→ ππ00 ππ00ππ00KKLL→→ ππ00 ππ00ππ00

KKLL→→ γγγγKKLL→→ γγγγ

ττ(K(KLL)) nsττ(K(KLL)) nsm(K(KLL)) MeV/c2m(K(KLL)) MeV/c2

KLOE 2002    (2.80 ± 0.03 stat ± 0.02 syst) 10−3

NA48   2002    (2.81 ± 0.01 stat ± 0.02 syst) 10−3

PDG    2002                    (2.82 ±± 0.08 )           10−3

KLOE 2002    (2.80 ± 0.03 stat ± 0.02 syst) 10−3

NA48   2002    (2.81 ± 0.01 stat ± 0.02 syst) 10−3

PDG    2002                    (2.82 ±± 0.08 )           10−3

312 pb-
1

312 pb-
1

KLOE Note 182



Charged Kaons

Harvest of measurements,
including Vus, waiting for on-
going ad hoc reprocessing with: 

•improved tracking at low β;

•better rejection of vicious 
machine background.

K± →→ µ ± ν
K± →→ π ± π0

K ± → πο m±

νK ± → πο e± ν

K± →→ π ± π0 π0
P* (MeV/c)
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Prospects for  ε’/ε
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Source Error, %
Tagging        0.55

γ-counting        0.20

trigger and t0        0.23

tracking         0.26
`

Total error 0.68 %

Contributions to the systematic error

Statistical error :   ≈≈ 1% Statistical error : already negligible

Now  ~0.1%

Should scale down to 0.1% on 
full  data set

Should scale down to 0.1% on 
full  data set

Contributions to the systematic error :

Presently at about 2% level, improving 
by work on:

ØResidual effects in tracking 
(gravitational sags)

ØSeparation of overlapping clusters

ØRegeneration

Need at least x10 data to reach 
the 10-4 régime

Need at least x10 data to reach 
the 10-4 régime

KL
KL Ks

Ks



Non-Kaon Physics



φ→(ρπ)→π+π−π0

Y2K 17 pb-1 analysis of Dalitz Plot allowed to 
extract ρ parameters (m,Γ) for each state of 

charge and non-ρ contributions (direct, ωπ0, ρ′).

° KLOE πππ0 �KLOE ππγ° KLOE πππ0 �KLOE ππγ

Γ(ρ)

m(ρ)

n SND �CMD2n SND �CMD2

PDG

PDG

KLOE Note 183
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φ→(ρπ)→π+π−π0

Y2K 17 pb-1 analysis of Dalitz Plot allowed to 
extract ρ parameters (m,Γ) for each state of 

charge and non-ρ contributions (direct, ωπ0, ρ′).

° KLOE πππ0 �KLOE ππγ° KLOE πππ0 �KLOE ππγ

Γ(ρ)

m(ρ)

n SND �CMD2n SND �CMD2

PDG

PDG

PDG(2002) =771.1 ±± 0.9

PDG(2002) =149.2 ±± 0.7

KLOE Note 183
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ρ0
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ρ+



φ→(η‘γ)/ (ηγ) → π+π− γ γ γ
η’γ region

BR(φ φ →→ηη’γγ )/ BR(φ φ →→ηηγγ )=(4.70 ±± 0.47 ±± 0.31) 10-3

BR(φ φ →→ηη’γγ )                     = (6.10 ±± 0.61 ±± 0.43) 10-5

PDG 2002 :                          (6.7 ±± 1.5)                10-5

Phys. Lett. B 541 (2002), 45
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φ→(η‘γ)/ (ηγ) → π+π− γ γ γ

100 pb-
1 (2001)

100 pb-
1 (2001)

η’γ region
BR(φ φ →→ηη’γγ )/ BR(φ φ →→ηηγγ )=(4.70 ±± 0.47 ±± 0.31) 10-3

BR(φ φ →→ηη’γγ )                     = (6.10 ±± 0.61 ±± 0.43) 10-5

PDG 2002 :                          (6.7 ±± 1.5)                10-5
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φ→(f0γ)/ (a0γ)
Phys. Lett. B 537 (2002), 21

• Data
— π0π0γ
— ηγ→π0π0π0 γ
— e+e–→π0π0γ

Mηπηπ0 (MeV)

Phys. Lett. B 536 (2002), 209

BR(φ φ →π→π0ππ0γγ ) = (1.09 ±± 0.03 ±± 0.05) 10-4

PDG 2002 :         (1.08 ±± 0.17 ±± 0.09) 10-4
BR(φφ→→ηηππ0γγ )  = (0.85 ±± 0.05 ±± 0.06) 10-4

PDG 2002 :        (0.89 ±± 0.14)           10-4

Phys. Lett. B 537 (2002), 21 Phys. Lett. B 536 (2002), 209



φ→(f0γ)/ (a0γ)
Phys. Lett. B 537 (2002), 21

• Data
— π0π0γ
— ηγ→π0π0π0 γ
— e+e–→π0π0γ

Mηπηπ0 (MeV)

Phys. Lett. B 536 (2002), 209

BR(φ φ →π→π0ππ0γγ ) = (1.09 ±± 0.03 ±± 0.05) 10-4

PDG 2002 :         (1.08 ±± 0.17 ±± 0.09) 10-4
BR(φφ→→ηηππ0γγ )  = (0.85 ±± 0.05 ±± 0.06) 10-4

PDG 2002 :        (0.89 ±± 0.14)           10-4
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Phys. Lett. B 537 (2002), 21 Phys. Lett. B 536 (2002), 209



f0/a0 Couplings

KLOE  4q model (uu±dd)/√2       ss

g2
KK/(4π)   2.79 ± 0.12       ~ 2.3 ~ 0.15          ~ 0.30 (GeV2)

gππ /gKK 0.50 ± 0.01       ~ 0.35 ~ 2             ~ 0.5
f0ff00

g2
KK/(4π)   0.40 ± 0.04 ~ 2.3 ~ 0.15 --- (GeV2)

gηπ/gKK 1.35 ± 0.09       ~ 0.9   ~ 1.5 ---
a0aa00
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• f0 parameters compatible with 4q model
• a0 parameters not well described by the 4q model



σ(e+e−→hadrons)

ðKLOE energy range is responsible for       

about 67 % of δaµµ and for 17 % of δα(Mz).

ðNovosibirsk CMD2 direct  measurement is 

at 0.6% level, but disagrees, after CVC 

rotation, with τ data [Davier et al., Jan'03].

ð KLOE has analyzed 2001 data. Statistical errors are already at the 0.2% level. 
Systematic effects are still at 2%, being further investigated.

ðPresent goal is the measurement of the hadronic cross section at level of 1 %.
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rotation, with τ data [Davier et al., Jan'03].

ð KLOE has analyzed 2001 data. Statistical errors are already at the 0.2% level. 
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ðPresent goal is the measurement of the hadronic cross section at level of 1 %.
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Preliminary Comparisons

KLOE 2001 data compared with the 
MC generator PHOKHARA (NLO) 

[Kuhn et al. '02], that is expected to be 
accurate at 0.5% level (should still 
improve on FSR description).

dσσ/dM2
ππππ(nb/GeV2)

MC

• DATA

Pion Form factor

22

22 )(
)(

1
)(

ππππ
πππ

γππσ

dM
eed

MH
MF

−+−+ →
≈

KLOE DATA compared with  
parametrization of direct √s SCAN 

performed by CMD2 at 
Novosibirsk.

73 pb-1 (2001)

M2
ππ ππ (GeV2)

KLOE PRELIMINARY

M2
ππ ππ (GeV2)



Prospects for the future



Plans for 2003

DAΦΦNE

• Increase peak luminosity and reach 1.5 1032 cm-2s-1 

• Restart by May 2003 with FINUDA first

• Deliver successively about 1 fb-1 to KLOE

DADAΦΦΦΦNENE
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Conclusions

üMany analyses are about to be finalized

üKs are ready for ε′/ε at 5·10-4 level

üKs leptonic asymmetries OK

üKL need at least 10 times more data to get 
ε′/ε at 5·10-4 level

üKL BRs currently at 2% level

ü1 fb-1 expected for next run


