
Claudio Gatti 
Università di Roma - INFN

Dafne04  june 2004 Frascati

K semileptonic decays at KLOE



The KLOE detector
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K+K- 1.5×××× 106/pb-1

KLKS 106/pb-1

Kaons at KLOE

• The ϕϕϕϕ decays at rest allow us to 
select monochromatic                        
(p ~ 110 MeV/c) pure beams of Kaons
• Observation of KL,S  signals 
presence of KS,L

• KS decays near  IP: λλλλS ~ 0.6 cm
• ~50% of KL decays inside the 
detector : λλλλL ~ 340 cm
• λλλλ± ~ 95 cm
• Events per  pb-1:

~4 m

Kloe is measur ing: relative and absolute BRs of kaon decays: Vus,
lifetimes, inter ference in KLKS system 



KKLL ““ crashcrash””
ββ= 0.22 (TOF)= 0.22 (TOF)

KKSS →→→→→→→→ ππππππππ−−−−−−−−ee++++++++νννννννν

KS tagged by KL interaction in EmC
Efficiency ~ 30%
KS momentum resolution ~ 1 MeV

KKSS →→→→→→→→ ππππππππ++++++++ππππππππ−−−−−−−−

KKLL →→→→→→→→ 22ππππππππ00000000

KL tagged by KS→π→π→π→π+ππππ-

Efficiency ~ 70%
KL momentum resolution ~ 1 MeV

Tagging of KS and KL



KS→π→π→π→πeνννν
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Charge asymmetry (never  measured before): 
AS-AL ≠≠≠≠ 0  signals CPT violation

Test of the rule ∆∆∆∆S=∆∆∆∆Q

Decay width ΓΓΓΓ(KS →→→→ππππeνννν) : extraction of Vus  (δτδτδτδτS ⁄τ⁄τ⁄τ⁄τS ≈≈≈≈ 0.1%) 

Expected from SM: |x+|~10–7



KS→π→π→π→πeνννν
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Kinematic rejection: M(ππππππππ) <<<< 490 MeV
Signal selection and PID using Tof: ∆δ∆δ∆δ∆δt(eππππ) = (T1-L1/ββββ(e)c) – (T2-L2/ββββ(ππππ)c) 
main background from KS →→→→ ππππππππ decays
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KS→π→π→π→πeνννν

Kinematic closure: ps from KL 

cluster  position.

Event counting: fit to                  
Emiss-pmiss distr ibution with 
MC spectra.

Per formed separately for  the 
two charge modes.

Emiss= ES -Eππππ-Ee

pmiss= pS-pππππ-pe



BR(KS→π→π→π→πeνννν(γγγγ)) is obtained by normalizing the number of Ke3 decays to the 
number of ππππππππ(γγγγ) decays in the same data set, and using BR(KS→→→→ ππππππππ(γγγγ)) .
All the efficiencies are extracted from data control samples except for  the 
geometr ical acceptance. 

KS→π→π→π→πeνννν(γγγγ)
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KS→π→π→π→πeνννν

BR(KS → π−e+ν) = (3.54 ± 0.05stat ± 0.05syst) 10-4

BR(KS → π+e-ν) = (3.54 ± 0.05stat ± 0.04syst) 10-4

BR(KS →→→→ ππππeνννν) = (7.09 ±±±± 0.07stat ±±±± 0.08syst) 10-4

AS = (−−−−2 ±±±± 9stat ±±±± 6syst) 10-3 AL = (3.322 ± 0.058 ± 0.047) 10-3 [KTeV 2002]

AL = (3.317 ± 0.070 ± 0.072) 10-3 [NA48 2003]

Re(x+) =(0.0136±0.0031stat±0.0029syst) with PDG   BR(KL→π→π→π→πeνννν)
Re(x+) =(0.0017±0.0029stat±0.0029syst) with KTeV BR(KL→π→π→π→πeνννν)

Preliminary results

Test of the rule ∆∆∆∆S=∆∆∆∆Q

Charge asymmetry

Branching ratios

Re(x+) =(-0.0018±0.0041stat±0.0045syst) CPLEAR



Vus(KS,e3)•f K0
+(0)  = (0.2157±0.0018) 

KS→π→π→π→πeνννν :Vus
Preliminary results

Unitar ity limits



KL lifetime

Measured in 1972, dominates the error  on 
Vus(KL,e3).
In KLOE the KL momentum is well known, 
and 50% of the kaons decays inside the 
detector .
Using  KL→π→π→π→π0ππππ0ππππ0 events tagged with 
KS→π→π→π→π+ππππ– . The neutral ver tex is reconstructed 
using time of flight technique (σ∼σ∼σ∼σ∼1.5 cm).

Nγγγγ≥≥≥≥3      Eγγγγ >>>> 20 MeV

Tbunch Time scale calibrated by measur ing the bunch 
crossing per iod with γγγγγγγγ events.
Checked by measur ing the difference between 
charged and neutral ver tex positions in 
KL→π→π→π→π+ππππ–ππππ0 events.  

∆∆∆∆L/L ~ 0.1%



� (KL) = (... ±0.20stat) ns

7.5 ns
(50 cm) 23.6 ns

(158 cm)

� (ns)

Events/ 0.3 ns

KL lifetime

τ (τ (τ (τ (τ (τ (τ (τ (PDG) (fit) =  (51.7 PDG) (fit) =  (51.7 ±± 0.4) ns0.4) ns

14.5 106 KL→π→π→π→π0ππππ0ππππ0 events

PRD 6 (1972), 1834PRD 6 (1972), 1834

The study of the systematic er ror  
must be completed. 
I t includes 
• the estimate of the background   
• the photon detection efficiency      
• the time-scale calibration
data and MC compar ison. 
Systematics <<<< 0.6% at present 
limited by MC statistics.



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

100 pb−−−−1 ’01 data

KL →→→→ ππππeνννν

KL →→→→ πµνπµνπµνπµν

KL →→→→ ππππ++++ππππ−−−−ππππ0000

KL →→→→ ππππ++++ππππ−−−−

-50-150 1501000-100 -50

103 Ev/MeVKL decays
Absolute BR measurement.
KL tagged with KS →π→π→π→π+ππππ– .

Charged decays:
event counting from fit to the       
Pmiss-Emiss distr ibution in the πµπµπµπµ or  
µπµπµπµπ hypothesis.

KL→π→π→π→π0ππππ0ππππ0: selected as in the 
measurement of the lifetime.

MC acceptance corrected with 
ratio of data and MC efficiencies.
IB and SD photon emission 
included in the MC simulation for  
all the charged decays.
Systematics under  study, affects 
mainly absolute BR, cancels out 
in relative measurements. 

NKL tagged in FV: 2××××107

Statistical accuracy on BRs: 0.1% 



KK−−−−−−−−

µµµµµµµµ−−−−−−−−

KK++++++++

ee++++++++

γγγγγγγγ

γγγγγγγγ

Absolute BR measurement.
K±→µν→µν→µν→µν decays used to tag the events.
K l3 selection:
• kaon decay ver tex in  FV
• Reject two-body decays:                  

p*(mππππ) ≤≤≤≤ 195 MeV
• ππππ0 search: 2 neutral clusters in EmC, 

prompt wr t the K vertex.
• Spectrum of charged daughter  mass, 

m2, from TOF measurement.                                         

m2=p2 ××××[(cT/L)2-1]

• Ratio of data and MC efficiency is 
used to correct MC acceptance.

K±→π→π→π→π0l±νννν
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Ke3

Kµ3

Bkg 

t/mππππ
2

BR(K-e3) = (…±±±± 0.045)%

BR(K+e3) = (…±±±± 0.061)%

m2 spectrum fit using MC spectra 
for  Ke3, Kµµµµ3, and residual K3ππππ
events. [N(MC)=1/5 N(data)]
NKe3 ~ 200000
NK µµµµ3 ~ 120000
εεεεsele ~ 10%

Ke3

Kµ3
BR(K ±±±± µµµµ3) =(…±±±± 0.050)%

Form factor  slope:
t-spectrum for  Ke3 decays selected in 
the signal region. 
Relative normalization between signal 
and bkg from fit result.   

δλδλδλδλ++++ = 0.0021



Conclusions

• KS→π→π→π→πeνννν analysis almost completed. Soon the final result.
• ττττL analysis: final checks on systematics.
• KL decays: measur ing all BRs. Statistical accuracy at 0.1%. 
Systematics affects mainly absolute BRs.
• K± semileptonic: statistical accuracy at 0.5% , but dominated by 
MC statistics. Systematics under  study.   



Simulation of 
K→→→→charged + γγγγ
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All order  in αααα summed in the soft photon approximation. 
This approximation is then used for  all the photon energies.

From O(αααα) amplitude. 
Mainly  from O(p2) Bijnens et al.  
Dafne handbook 
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S.Weinberg  PR 140 1965

ββββ relative velocity of par ticles m and 
n in the rest frame of either .



Compar ison with o(αααα) calculations


