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This paper is devoted to the measurement of the fully inclusive of photon radiation abso-
lute branching ratios of the semileptonic charged-kaon dedéys,—~ me*v(y) and K* —
mutv(y). The measurements have been done using a tag technique, via identification of the two-
body decay&* — u*v andk* — = 11°, and using a sample of about 446 collected during

the 2001 and 2002 data taking of the KLOE experiment atDik, the Frascatp factory. The

results obtained afBR(K ;) = 0.04965(38)stat (37)3ystandBR(Ku3) =0.03233(29)stat (26)syst
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The most precise test of unitarity of the CKM matrix comes from its first rowA ~ |Vyqg|2 +
Vusl?. UsingVyq as extracted from nuclear beta decays,\4ras extracted from semileptonic kaon
decay width, a precision test dnwith e precision of few parts per mil can be performed. With the
KLOE detector we can measure all experimental inputgdobranching ratios, lifetimes, and form
factors. Here we report about the measurement of the absolute branching ratios of the semileptonic
charged-kaon decayk® — mefv(y) (K3) andK* — nPu£v(y) (Kﬁg), using a sample of about
410pb 1 collected during the 2001 and 2002 data taking.

The first section/X) brefly describes the accelerator DAE and the KLOE detector. The
measurements have been done using a tag technique presented inZedti@following two
sections are dedicated to the selection of the tag san@})lasd the signal sampld)respectively.

MC efficiency has to be corrected using suitable Data and MC control samples, as described in
section5. The results are summarized in sect@nvhile the last section7) contains information
about thevys extraction and the lepton flavour violation test, using allKheKLOE results.

1. DA®NE and KLOE

In the DA®NE e"e~ collider, beams collide at a center-of-mass en&fgy M(¢). Since
2001, KLOE has collected an integrated luminosity~at.5 fo~!. Results presented below are
based on 2001-02 data fer410 pb~1. The KLOE detector consists of a large cylindrical drift
chamber surrounded by a lead/scintillating-fiber electromagnetic calorimeter. A superconducting
coil around the calorimeter provides a 0.52 T field. The drift chamitigs[4 m in diameter and
3.3 mlong. The momentum resolutiondgpr)/pr ~ 0.4%. Two track vertices are reconstructed
with a spatial resolution of 3 mm. The calorimetei2] composed of a barrel and two endcaps,
covers 98% of the solid angle. Energy and time resolutionodée) /E = 5.7%//E(GeV) and
o(t) =57 py+/E(GeV)® 100 ps The KLOE trigger B] uses calorimeter and drift chamber
information. For the present analysis only the calorimeter signals are used. Two energy deposits
above thresholds > 50 MeV for the barrel and > 150 MeV for the endcaps, are required.

2. Method of measurement

The ¢ meson decays mainly into kaons: 49%4d6K ~ and 34% tdK_-Ks pairs. The identi-
fication of theK™ automatically tags the presence ofa; the same holds with reversed charges.
In KLOE K* decays are tagged efficiently by the identification of a two body decay of one of the
kaons. BotK* — p*v (sz) andk* — 10 (K3,) decays have been used for the measurements
presented in this paper.

The use of a tagging technique gives the possibility to perform absolute branching ratio mea-
surements. The branching ratio of the signal decay can be extracted from:

NSig 2 BR(i)sTag(i)
Nragry €sig  Erag(Si9)

BR(Sig) =

whereg,, is the geometrical acceptance of the fiducial volume,&pds the signal reconstruction
and selection efficiencyeg;, is measured directly using the MC, and corrected for the different
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behaviors for Data and MC of quantities involved in the measurement like the tracking efficiency
or the single photon efficiency.
In principle, the capability of selecting a tag kaon does not depend on the decay mode of the

other kaon. In fact the geometrical superimposition of the “tag” and “signal” part oKthé~
event, and the fact that the trigger and the background rejection and tracking procedures look at the
event globally, make the separation in two distinct hemispheres arbitrary. In shdft: ttagging
efficiency is not independent of th€" decay mode, and the tag bias has to be therefore carefully
studied. The factor

2i BR(i)sTag(i)

sTag(Sig)

should be equal to 1, if for each decay modéhe efficiencye (i) is the same.The above quantity is
referred to as the tag bias and can be measured only using MC. The correction due to the different
behaviors for Data and MC of specific processes or sub-detectors has been measured in suitable
dowscaled event samples.

3. Tag selection

The measurement of the branching ratios forkifesemileptonic decays is performed using
four data samples defined by different decay modes for the tagging Kﬁgﬂ(ﬁz, K2 andK .
This redundancy allows the systematic effects due to the tag selection to be kept under control.

Tagging kaons are identified as tracks with momenfidx px < 130 MeV, originating from
the e"e~ collision point (I.P.). The kaon decay vertex must be within a fiducial volume (FV)
defined as a cylinder of radid® < r < 150 cm, and height |z|]<130 cm, centered at the I.P., coaxial
with the beams. The decay track, extrapolated to the calorimeter, must point to an appropriate
energy deposit.Kfj2 (Kf,fz) decays are selected by applying @ 8uts around the muon (pion)
momentum calculated in the kaon rest frame, according to the proper mass hypothesisKl%Qr the
tag, identification of the®® from the vertex is also required. Finally, to reduce the dependency of
the tag selection efficiency on the decay mode of the signal kaon, the energy deposits associated to
the tagging decay, are required to satisfy the calorimeter trigger. In the analyzed data set about 60
million tag decays were identified and divided into the four tag samples.

The value of the tag bias, which accounts for the capability to separate each event into a “tag”
and a “signal” part, is shown in tableseparately per tag and per signal modes. This correction
ranges from about -3% to +4% following the tag sample used.

KL Kp | Ky | Ky
Ke | 0.9694(11)(49) 1.0137(34)(52) 0.9884(10)(47) 1.0328(23)(32)
K3 | 0.9756(13)(50) 1.0210(36)(52) 0.9963(10)(48) 1.0371(25)(32)

Table 1: Tag bias per tag and per signal type, measured in MC and corrected for different Data-MC behavior
Statistical and systematic errors are shown.
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4. Selection of semileptoni&* decays

The reconstruction of a one-prong kaon decay vertex (performed with the same requests used
in the identification of the tag) is the first step of the selection followed by the identification of a
m° associated to the decay vertex using a time of flight technique. In doing this, for each cluster
not associated to a track, the kaon decay timés calculated using the cluster tintg,,, and the
distanceLi, between the vertex and the cluster positin: t.,, — Li/c. This time should be the
same for two photons coming from7@ decay, and at least a pair of clusters has to satisfy the
conditiont; —t; < 3¢t (6t = 01,1 ® 6t 2). Using the energy and the position of the clusters of the
selected pair, thgy invariant mass is calculated and a 8ut (0 ~18 MeV) is applied around the
nominalr® mass. This cut is intended to remove events with accidental coincidence of clusters due
to machine background clusters entering the calorimeter.

To isolate theK; and Kus decays, the lepton is identified by a time of flight technique. This
requires that the lepton track is extrapolated to the calorimeter and geometrically associated to a
calorimeter cluster. Specifically, the kaon decay time estimated fromtplotons (ﬁfoa‘ﬁ should

be equal to the one estimated from the charged tn%%%ab if the correct mass has been assigned to

it. The kaon decay time, estimated from photons, istioecay: ti —Lj/c. For the lepton the proper

track length and velocity are useflf™=tiep— plLe";f‘C , /D% + M Wheretiep is the time of the

cluster associated to the secondary track, pgg andLep are the momentum, measured in the

laboratory rest frame, and the length of this track respectively. The lepton mass is then obtained.

: . decay__ .decay
|mposmgtn0 _tlept .

2
rT\zept = plzept' [L(232 (tlept—tggcay> —1] -
lept

To fight against the more abundant two body decays, the momentum of the secondary track is
computed in the kaon rest frame, using the pion mass hypothesis. All eventp;it5 MeV
are rejected. Only poorly reconstrucﬂégz andK , kinks, orK,, events with an earlyr™ decay,
survive this cut. These last events are rejected imposing to the lepton momepjfucalculated
in the center of mass of the* (defined as missing momentum at the decay vef®Rx; p,o),
the conditionp;;>60 MeV. After all selection cuts, the contamination from rigg-events is less
than~1.5% in each tag sample. To obtain the number of signal events, a constrained likelihood
fit is applied to themzept data spectrum using a linear combinatiorkgf andK ,; shapes, and of
the background contribution. MC shapes are corrected for Data/MC differences on the calorimeter
timing. About 300 00(K; and 160 00K ,; have been found in the 2001-2002 data set.

In figure'l, the fit results of‘n,2elot distribution for theK, tag sample is shown. Th€,; signal
component is evident as a narrow peak around zero, well separated from the backgroutigh The
signal is the peak around thﬁ value. Other tag samples show the same behavior.

5. Efficiency evaluation

The selection efficiency is measured on MC and corrected for relevant Data/MC differences,
in particular the tracking efficiency and the calorimeter clustering efficiency, for both photons and
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Figure 1: Fit results ofrrfept distribution for theK, tag sample.

leptons. For each correction, a control sample has been selected in such a way that the efficiency
can be measured as function of a suitable set of variables.

For the tracking, a kinematic fit applied td&g sample -statistically independent from the one
used for the measurement- has been used to extract the tracking efficiency as a function of the kao’i
polar angle, the decay vertex position, and the lepton momentum. The photon cluster efficiency
has been measured as a function of the photon energy using a samﬁzedaa‘cays. AK| 3 eVent
sample has been used to obtain the electron cluster efficiency as a function of the lepton momentuis
and the incidence angle on the EMC. Finally the muon cluster efficiency has been extracted, as &
function of the same variables of the electron, using a combined sam&Lq,ng,fz (with a well
reconstructedr— u kink), andKff2 events.

All the data/MC corrections are stable with respect to the variation of the cuts applied in
selecting the control samples.

6. Results

For all the relevant analysis aspects, the systematic errors have been carefully evaluated for
each tag sample and for each decay, taking correlations into account. All contributions to the final
error, both statistical and systematic, are summarized in 2fblebothK; andK ,; measurements.

The final errors are dominated by the statistical error of the efficiency corrections: the tracking is
the dominant contribution for th&,; measurement, while foh(w, tracking and muon cluster
corrections are at the same level. Final fractional accuracy ranges, depending on the tag sample,
from 1.5% to 2.1% for th&, and from 1.5% to 2.7% for thi€  ; measurements.

The x? for the 4 independent-tag measurements is 1.62/3, with a probability of about 65% for
theK, and 1.07/3, with a probability of about 78% for tl<{§3 decays. The averages of the four
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Keg Kis |
Source Kio | Ko | Kip [ Ko | Kio | Kio | Ko | K
Statistical (%) |
Tag bias (TB) 0.07| 0.14 | 0.08 | 0.14| 0.09 | 0.18 | 0.09 | 0.17
Cosmic veto corr. to TB| 0.00 | 0.01 | 0.01 | 0.01| 0.01| 0.01 | 0.01| 0.01
Machine Bkg corr. to TB| 0.09 | 0.31 | 0.05 | 0.17| 0.09 | 0.31 | 0.05| 0.17
Nuclear int. corr. 0.32 | 0.57 - - 0.32 | 0.57 - -
Fit counting 0.40| 0.71] 0.40 | 0.72| 0.61 | 1.05| 0.60 | 1.08
€ correction 117 | 167 | 1.24|1.78| 1.61| 2.25| 1.12 | 2.27
Systematics: signal (%)
€ corr. (TRK) 054 | 054 | 0.53|0.53| 044 | 043 | 043 | 0.43
e corr. (leptonclus.) | 0.00| 0.00 | 0.00 | 0.00| 0.14 | 0.14 | 0.14 | 0.14
& corr. (m°) 024 025] 0.24 ] 0.24| 0.21| 0.21 | 0.21 | 0.21
Fit 0.13| 0.19| 0.35| 0.15| 0.03 | 0.16 | 0.19 | 0.06
Selection cuts 0.17| 0.17 | 0.17 | 0.16| 0.49 | 0.49 | 0.49 | 0.48
Systematics: acceptance (%) \
Nuclear int. corr. 0.18 | 0.39 - - 0.18 | 0.39 - -
(o 0.09| 0.09 | 0.09 | 0.09| 0.09 | 0.09 | 0.09 | 0.09
Systematics: tag bias corrections (%) \
Machine Bkg 0.36 | 0.06 | 0.37 | 0.05| 0.36 | 0.06 | 0.37 | 0.05
Cosmic veto 0.04| 0.02 | 0.03| 0.04| 0.04 | 0.02 | 0.03| 0.04
Nuclear int. 0.09 | 0.13 - - 0.09 | 0.13 - -
Total (%) |
1.49 | 2.08 | 1.54 | 2.03| 1.95 | 2.71 [ 1.52 | 2.63

Table 2: Summary of all fractional contributions to the erroriig andK 5 branching ratio measurements.

results are:

BR(K™ — e v) = (4.946+ 0.0535t51= 0.038sys) x 102
BR(K" — e v) = (4.985+ 0.054s;5=+ 0.037sys) x 102
BR(K — mev) = (4.965+ 0.038stat+ 0.037sys) x 1072,

for theK, and

BR(K™ — 1~ v) = (3.219+ 0.047star= 0.027sys) x 102
BR(K" — mPuTv) = (3.241+ 0.037star 0.026s5ys) x 102
BR(K — m°uv) = (3.2334-0.02%5a¢ 4 0.0265,s) x 1072,

for theK 5. The x? between different charge measurements is 0.17/1, with a probability of about
68% for theKs, and 0.12/1, with a probability of about 73% for tg; decays. Final BR results
have a fractional accuracy of 1.1% for thg; and of 1.2% for th&< ; decays.
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The 1¢ value affects the BR values via the geometrical acceptance evaluation. From suitable
MC sample the BR dependency on thehas been estimated: BR§,7) = BR(Kg,1°%)-(1-0.45@k -
1°)/7°), with 1° = 12.36 ns,BR,7°) = 4.968%, and BRY,3,7°) = 3.234%. The final results are
evaluated using the PDGOBg] [fit value T = 12.384(24) ns.

While the correlation between th€,; and Kus signals induced by the fit procedure is low
(about 1%), a correlation is caused by the corrections to the tag bias, which are equal for the two
signals, by the same Data/MC corrections for the tracking and the clustering, and finally by the
selection cuts. Excluding the error coming fragvalue, the complete information is contained in

the error matrix:
0.2780 01268 1075,
0.1268 01510

from which a 62.74% of correlation betwekp, andK ;5 can be extracted.

ForK 5 only also the dependency dg has to be considered. The firBzER(Kus) has been eval-
uated usingio~0.015 and the relatioBR(K ,3) = 0.0327 - 0.023, obtained from a dedicated
MC study. The limited knowledge ofp value gives a negligible contribution to the systematic
error.

The BR are completely inclusive of the photon radiation. The radiated photon acceptance is
determined with a generator that uses the soft-photon approximation to sum the amplitudes for rea
and virtual processes to all order @f[6].

The ratioR =T (K ;3) /T (K¢3) has been measured in the four tag samples used for the BR
measurements. With respect to the BR, benefits of smaller tag bias corrections ranging from
0.4% to 0.8% depending on the tag sample. The correlation betigesndK ;5 coming from
the fit procedure and from the efficiency corrections has been taken into account in calculating the
error onR ;. As in the BR determination, the errors are dominated by the statistics of the efficiency
corrections. The average of the four tag sample measuremeRifs38= 0.6511(46)star (73)syst
This measurement has a fractional error of about 1.3% and is in agreement within the errors with
the theoretical predictionR5¥= (1—8)/(1— 8F) - (IK)/(1§) = 0.664661), where the integrals
(12 andl{) anddsyz), demcorrections are frong].

7. Vys determination from KLOE results

The BR’s of the semileptoni&® decays, together with the already published results for the
semileptonic decays of th€_ [7] and Ks [8], allow five independent determinations of the ob-
servable|V,sf; (0)|, as shown in Fig2. All inputs, butK; branching ratios, needed to extract
Vusf+(0)| are from B]. The average of the fiv®,sf; (0)| values, taking correlations into account,
gives [Vysf, (0)| = 0.2154(5), withx? = 4.37/4, and has a probability 8§36%. Usingf, (0)=
0.961(8) from|LQ], Vysis 0.2241(19). This is compatibile with the Unitarity at i5in fact using
Vyg=0.97377(27)11], Vud®+Vu-1 is equal to -0.0015(10)Vysf, (0)| can be evaluated also by
charge state. Usings, values we obtain 0.2155(6), while usiKg we obtain 0.2146(12). These
two determination have g° of 0.48/1 with a probability of 49%. To compajé,sf, (0)| values
evaluated by charge statg, (0) has to be corrected for the strong SU(2)-breaking. This correc-
tion enhances thK* decay widths as parameterized by the form-factor normalization correction
ASU(2). The standard value predicted by jpe is 2.31(22)%/12]. The comparison ofVysf(0)]
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Figure 2: Vysf1 (0)| measurements.

results by charge state without the application ofAlsJ(2) factor, allows an empirical evaluation
of the strong SU(2)-breaking, which results to be 1.88(58)%, in agreement within the errors with
the xpt prediction.

Lepton universality can be tested comparing Rygvalue from theK; measurement$R08S,
and the one from the SM expectatior;y, defined in the previuos section. Defininge =
ROOYRGY, and using the BR KLOE results we obtain for neutral kags(K.s) = 1.013(9), and
for charged kaom,e(K*) = 0.988(11). Both results are compatibile with 1 within the errors, and
average t@,,e.=1.003(7), with ax? of 3.60/1 and a probability of 5.8%.
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