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Abstract

KLOE has collected ∼ 450pb−1 in the previous two years of data taking. The
analyses on the semileptonic decays of charged and neutral kaons performed
with this data is discussed in this paper. Preliminary results are shown on the
branching ratio and charge asymmetry of the KS → πeν decay.
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1 Introduction

The measurement of semileptonic kaon decay widths provides several tests of

fundamental aspects of the standard model. The matrix element Vus is ex-

tracted from semileptonic kaon decays, both charged and neutral. Its value is

used to test the unitarity of CKM matrix at per-mil level.

The validity of the rule ∆S = ∆Q can be tested through the quantity

Re(x+) ≡ 1

2

[

〈e+π−ν|T
∣

∣K̄0
〉

〈e+π−ν|T |K0〉 +
〈e−π+ν̄|T

∣

∣K0
〉∗

〈e−π+ν̄|T
∣

∣K̄0
〉∗

]

, (1)

which can be measured from the relative difference of KS and KL decay widths

into πeν:

Re(x+) =
1

2

Γ(KS → πeν) − Γ(KL → πeν)

Γ(KS → πeν) + Γ(KL → πeν)
. (2)

Re(x+) is expected to be of the order GF m2
π ∼ 10−7 in the Standard Model.

Finally, discrete symmetries are tested through the measurement of the

charge asymmetries

AL,S =
Γ(KL,S → π−e+ν) − Γ(KL,S → π+e−ν)

Γ(KL,S → π−e+ν) + Γ(KL,S → π+e−ν)
. (3)

We took into account the presence of a photon in the final state of the

decays into charged particles, by introducing a complete Monte Carlo (MC)

simulation of the process for each decay 1).

2 KS → π∓e±ν(ν)

We select a pure KS-beam by identifying the KL interactions inside the calorime-

ter. The KS decays close to the interaction point (IP) with a decay length of

∼ 0.6 cm. We select events with two tracks forming a vertex close to the IP,

and with two energy clusters associated. Pions and electrons are recognized

using a time of flight technique. Using the KS momentum estimated from the

KL-cluster position (σp ∼ 2 MeV), and the particle momenta, we calculate the

difference between missing energy and momentum Emiss − pmiss. The signal

peaks at zero due to the missing neutrino as shown in Fig. 1. The background

is due to KS → π+π− decays where one of the pions decays before entering

the drift chamber or where the tracks are not well reconstructed. We count

1 Introduction

The measurement of semileptonic kaon decay widths provides several tests of
fundamental aspects of the standard model. The matrix element Vus is ex—
tracted from semileptonic kaon decays7 both charged and neutral. Its value is
used to test the unitarity of CKM matrix at per—mil level.

The validity of the rule AS : AQ can be tested through the quantity

1 <e+7r711| T lK0> <e’7r+17| T lK0>*
Rem) E 5 <e+wIT \K0> + <e*7r+z?|T IK0>* ’ (1)

which can be measured from the relative difference of KS and KL decay widths
into W611:

_ 1 F(KS H 7re11) — F(KL H 7re11)_ — . 22 F(KS H 7re11) + F(KL H 7re11) ( )

Re(x+) is expected to be of the order 013771721. N 10’7 in the Standard Model.
Finally, discrete symmetries are tested through the measurement of the

Re(X+)

charge asymmetries

F(KL7S H 7r7e+1/) — F(KL7S H 7r+e77)
F(KL7S H 7r’e+1/) + F(KL7S H Wte’fi).

Abs 2 (3)

We took into account the presence of a photon in the final state of the
decays into charged particles. by introducing a complete Monte Carlo (MC)

1)simulation of the process for each decay .

2 KS H 7eei (U)

We select a pure KS—beam by identifying the KL interactions inside the calorime—
ter. The KS decays close to the interaction point (IP) with a decay length of
N 0.6 cm. We select events with two tracks forming a vertex close to the IP,
and with two energy clusters associated. Pions and electrons are recognized
using a time of flight technique. Using the KS momentum estimated from the
KL—cluster position (010 N 2 MeV)7 and the particle momenta, we calculate the
difference between missing energy and momentum Emiss — pmiss. The signal
peaks at zero due to the missing neutrino as shown in Fig. 1. The background

+is due to KS H 7r 7F decays where one of the pions decays before entering
the drift chamber or where the tracks are not well reconstructed. We count



Figure 1: Fit to the Emiss − pmiss distributions for KS → π+e−ν (Left) and
KS → π−e+ν (Right) decays, for the data collected during the year 2001. The
dots represent data while the crosses represent MC after the fit.

the signal events by fitting the Emiss − pmiss spectrum with the MC distribu-

tions for signal and background. The fit is performed independently for the

two charge states KS → π+e−ν and KS → π−e+ν. We obtain ∼ 23 000 events

in the whole data set. The KS → π∓e±ν(ν) branching ratio is obtained by

normalizing the number of signal events to the number of KS → π+π− decays

collected in the same data set, correcting for the selection efficiencies, and using

the present experimental value of BR(KS → π+π−):

BR(πeν) =
N(πeν)

N(ππ)
× εππ

tot

επeν
tot

× BR(ππ). (4)

we obtain:

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

BR(KS → π+e−ν) = (3.54 ± 0.05stat ± 0.04syst),

BR(KS → πeν) = (7.09 ± 0.07stat ± 0.08syst).

The charge asymmetry is equal to:

AS = (−2 ± 9stat ± 6syst). (5)
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Figure 1: Fit to the Emiss —pmiss distributions for KS H 7r+e’U (Left) and
KS H 7r7e+u (Right) decays, for the data collected during the year 2001. The
dots represent data while the crosses represent MC after the fit.

the signal events by fitting the Emiss — pmiss spectrum with the MC distribu—
tions for signal and background. The fit is performed independently for the
two charge states KS H n+e’U and KS H 7r7e+1/. We obtain N 23 000 events

in the whole data set. The KS H 7eei (U) branching ratio is obtained by
normalizing the number of signal events to the number of KS H n+7r’ decays
collected in the same data set7 correcting for the selection efficiencies7 and using
the present experimental value of BR(KS H 7r+7r’):
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We can extract the parameter Re(x+), defined in Eq. 1, using the experimental

values for the KL branching ratio and lifetime. Using the PDG value for the

branching ratio we obtain:

Re(x+) = (12.6 ± 3.1stat ± 2.9syst) × 10−3, (6)

while using the recent value obtained from the KTeV Collaboration 2):

Re(x+) = (0.9 ± 2.9stat ± 2.9syst) × 10−3. (7)

The most precise published measurement of Re(x+) is from the CPLEAR Col-

laboration 3):

Re(x+) = (−1.8 ± 4.1stat ± 4.5syst) × 10−3. (8)

Finally, following the prescription in 4) we extract the value of fK0π−

+ ×Vus

fK0π−

+ × Vus = 0.2157± 0.0018 (9)

which is compatible with the unitarity of the CKM matrix.

3 Measurement of τL

The KL lifetime has been measured in 1972. Its uncertainty dominates the

error on the estimate of Vus from KL decays. In KLOE we observe KL decays

for a large fraction (∼ 50%) of its decay length (∼ 340 cm). Furthermore,

the momentum of the kaon is well known. We select KL → π0π0π0 decays

starting from an event with a KS → π+π− decay. The decay vertex of the

KL is obtained through the measurement of the photon time of flight and

position. The time scale calibration is checked at the per-mil level measuring

the DAΦNE bunch crossing period with γγ events. The fit to the KL proper

time distribution is shown in Fig. 2 (Left panel). We reach a precision of ∼ 0.4%

with ∼ 15 × 106 KL decays. The systematic is ∼ 0.6%, at present limited by

the MC statistics.

4 Measurement of the dominant KL branching ratios

KS → π+π− decays are used as a tag for KL decays. KL → π0π0π0 are selected

as described in the previous section, while all the events with a vertex recon-

structed from two tracks in the drift chamber are retained as KL → charged
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3 Measurement of TL
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Figure 2: Left: KL proper time distribution. The fit is superimposed. Right:
Fit to the Emiss − pmiss, in the πµ hypothesis, for charged decays of the KL.

events. For these events the distribution Emiss−pmiss, in the πµ hypothesis, is

shown if Fig. 2 (Right panel). A fit to this distribution is performed using MC

spectra for the different decays. With 2 × 107 selected events inside a fiducial

volume, we reach a statistical precision of ∼ 0.1%.

5 K± → π0e±ν

K± → µ±ν decays are used as a tag for charged kaon events. Starting from

these events, K± → π0e±ν are selected with few kinematic cuts and by mea-

suring the charged particle mass through the measurement of the time of flight,

Ttof , and momentum, p:

m2 = p2 ×
[

(

cTtof

L

)2

− 1

]

, (10)

where L is the track length. We count the number of semileptonic events by

performing a fit using MC distributions, as shown in Fig. 3. With the data

collected in the years 2001 and 2002 we find ∼ 200000 K± → π0e±ν events,

reaching a statistical precision of ∼ 0.2%.
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Figure 2: Left: KL proper time distribution. The fit is superimposed. Right:
Fit to the Emiss — pmiss, in the 7m hypothesis, for charged decays of the KL.

events. For these events the distribution Em,“ _pmi537 in the 7m hypothesis, is
shown if Fig. 2 (Right panel). A fit to this distribution is performed using MC
spectra for the different decays. With 2 X 107 selected events inside a fiducial
volume, we reach a statistical precision of N 0.1%.

5 Ki H 7r0eiz/

Xi H piz/ decays are used as a tag for charged kaon events. Starting from
these events, Ki H WOeiV are selected with few kinematic cuts and by mea—
suring the charged particle mass through the measurement of the time of flight,

((1%)2 — il , (10)

where L is the track length. We count the number of semileptonic events by

Ttof, and momentum, p:

m2=p2><

performing a fit using MC distributions, as shown in Fig. 3. With the data
collected in the years 2001 and 2002 we find N 200000 Ki H WOeiV events,
reaching a statistical precision of N 0.2%.



Figure 3: m2 spectrum (see text). The fit performed using MC distributions is
superimposed.
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