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1. Introduction

The semileptonic kaon decays provide the theoretically cleanest way to meéhsuCKM
|Vus| parameter and to perform the most accurate test of the CKM matrix unitarifyaree of
CKM unitarity in semileptonic kaon decays should be a clear signal of newighjl], providing
hints of different dynamics in the W-quark couplings. In addition, strihg@mstraints on new
physics can be given by testing the lepton flavour universality [2].
The hadronic matrix element of the semileptonic kaon decays is usually debdnilierms of
two dimensionless form factors_(t), parametrized as a function of the squared four momentum
transferred to the lepton systdm (px — pr)?:

Gr

M = =-Vus( £+ (1) (P + Pr) Uy (14 ¥5)uy + F- (MU (14 y5)u) -

The functionf, is related to the vector exchange jto the lepton system, while the functidpg,
defined as

folt) = £ (t) + mz(t_mzf(t) ,

is introduced to describe the scalar JGxchange. Since the vector form factor at 0 momentum
transferred can not be directly measured, the normalized form facwdeéined as:

R

Several parametrizations exist to describe the form factors. In thistregouse the quadratic
Taylor expansion and the pole parametrization. In the former case the lmednfrm factors are
written as a function of the slope and curvature paramdt;e’[,%nd/\fno:

fo(t) =

- ot 1 [t

frolt) = 1+/\+,0Wn +5A0 )
The disadvantage of such a parametrization is related to the strong conelatitoveen the param-
eters and the absence of physical meaning ofAtiparameters. In the pole parametrization this is
avoided by applying physics constraints, reducing the number of pananetie pole masily s

of a single resonance:
M3
= V.S

f+10(t) = M\%S_t .

The results obtained with the quadratic fit can be related to a dispersivepfibach using the
prescriptions given in [3].

2. The NA48/2 experiment

The NA48/2 experiment beam line was designed to measure the CP violatingdlasym-
metry in theK — 3 decay [4]. Simultaneous positive and negative kaon beams were gabduc
by 400 GeV protons from the CERN/SPS accelerator impinging on a beryllitgattaParticles
of opposite charge with a central momentum(@®+ 3) GeV/c were selected by two systems of
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Figure 1: Layout of the NA48/2 charged kaon beam
line.

Figure 2: The NA48/2 downstream detectors.

dipole magnets (“achromats”) and focuse@00 m downstream by a complex system of magnetic
elements, at the end of the100 m long decay region. In fig.1 a schematic view of the beam line is
shown. BothK™ andK ™~ decays are collected concurrently in the NA48 detector (fig.2), deskcribe
in full detail elsewhere [5]. Th&3 analysis is mostly based on:

e the magnetic spectrometer to measure the charged particle momentum, consiatimggf
net dipole with 120 Me\W momentum kick and two sets of two drift chambers (DCH). Each
chamber is made with 4 views (X,Y,U,V) of 2 wires planes. The final momentuaiuiien
iso(p)/p=(1.0230.044- p)% (p in GeVk) and the position resolution is about100um.

e the electromagnetic calorimeter (LKr) to measure electromagnetic energsitiepof pho-
tons and electrons. The calorimeter ha®7 radiation lengths of liquid krypton and achieves
an energy resolutioo (E)/E = (3.2/vVE ©9.0/E ©0.42)% (E in GeV). It is used later to
reconstructt® — yy decays and identify electrons.

e the hodoscope (CHOD) to give a fast trigger signal for charged pa(tiee time resolution
per track is~ 150ps). It consists of two orthogonal planes of scintillators segmented in
horizontal and vertical slabs.

¢ the muon detector system (MUV) to identify muons in Kjg selection. It consists of three
segmented scintillator planes, each shielded by a 80 cm thick iron wall.

3. Event selection and background suppression

For both electronKe3) and muon K,3) modes, a minimal trigger has been used to collect
data in a dedicated run. It is based on one hit in the CHOD and an enepggitien greater
than 10 GeV in the LKr. To select the decays, one track in the spectronredema clusters
in the LKr are first requested. The track is then required to be in the deteoteptance with
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Figure 3: E/p distribution. Muons and electrons are

2 ) ) ) i Figure 4. The yy reconstructed mass is required-to
distinguished using a cut on this variable.

be close to the nominat® mass.

a proper timing with respect to the trigger and the activity in the LKr. The momermtuthe
lepton is selected to be greater than 5 Geléf the electrons and greater than 10 Ge¥r the
muons, to ensure full efficiency of the MUV system. The particle identificasdmased on the
ratio of the visible energy in the electromagnetic calorimeter (E) and the measamentum in
the spectrometer (p). A charged track is identified as an electro®3fOE/p < 1.05 and has
no associated hit in the MUV detector, while the muon identification req&iygs< 0.2 together
with an associated hit in the MUV (fig.3). A cut on thg invariant mass, calculated assuming the
vertex determined by the charged track and the kaon beam directionglisdaip select ther®
decay:|Myp ppg — Myy| < 10 MeV/c? (fig.4). The total energy, reconstructed under the hypothesis
of a single undetected neutrino, is required to be in the rangeB%; < 65 GeV , and the squared
missing mas$Pk — Py, — P 1)? to be less than 10 (Me#)2.

The background contribution is evaluated using a detailed GEANT3-iddsete Carlo simu-
lation, including radiative corrections as described in [6]. The effetii@se corrections was com-
pared with a calculation obtained within Chiral Perturbation Theory with fulljuisige real photon
emission [7]. The main background to tkg; decay comes from the most frequésit — 770
decay with art* faking the electron. As shown in fig.5, a considerable backgroundttiedis ob-
tained by applying a cut on the electron transverse momeRtun0.02 GeVk. This cut reduces
the signal acceptance by 3% and brings the background at the level%f OTheK* — 7 7i°
decay is also the main background for #yg channel, due to the pion misidentification as a muon
and therr — uv decay in flight. As shown in fig.6 a bi-dimensional cut in the (reconstrucae k
mass,° transverse momentum) plane is applied to reduce the background contambeltien
0.5%, at the price of a signal acceptance loss 024%. The other background frok—s 7= 7070
decay is subtracted from the data using the simulation. After these selectidraekground re-
duction cuts, we obtained a sample of abast:210° Kyz and 40 x 1P K¢z candidates.

4. Dalitz plot fit procedure

A fit of the (E, E;;) Dalitz plot density is performeds" being the energies in the kaon rest
frame) to extract the form factors. To improve the resolution of the Dalitzyaloables, the kaon
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Figure 6: Two dimensional cut foK,3 events in the

Figure 5: Transverse momentum distribution kags
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Figure 7: Dalitz plot distribution for selectees Figure 8: Dalitz plot distribution for selectet,3
events, after all corrections are applied. events, after all corrections are applied.

energy is computed from the decay products under the assumption okéebtbalg decay with an

undetected massless neutrino. This leads to two solutions for the longitudmaboent of the

kaon momentum, and the value closer to 60 Gd¥lused. The Dalitz Plot density is given by:

rn% — rn72'[ mﬁ — rn72'[]2
t t

¢2(E; E7)
dE; dE;

where A,B and C are known kinematical terms. The Dalitz Plot is subdivided5rVieV? bins.
For each bin, acceptance, radiative effects and residual bactadysulbtraction are taken into ac-
count. The populated bins outside the physical region (due to resolutemtsfare not considered
for the fit (fig.7 and fig.8).

p(EEp) = OAR(t)+BE(1)(fo—f) +Cl(fo— 1)

5. Results and conclusions

The preliminary results for both quadratic and pole parametrizations are gimacthm table
5. The systematic uncertainties were evaluated by varying the selectiomdutisearesolution of
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Figure 9: Comparison of the obtained results with the previous measents of thel parameters when
combining theKes and theK ;3 modes. All contours correspond to 68% confidence level fitltes

pion and muon energies in the kaon rest frame. In addition, the diffeiartbe results between
two independent analyses performed in parallel, was included in the syitenrar. In tables
2 and 3 the contributions of both systematics and statistical errors are sumthahz theKes
decay channel the systematics contribution is larger than the statistical oihefhve K3 error is
dominated by the statistics. The good agreement between our result amewtloeip experiments
[8] (exceptKﬂ3 from NA48 [9]) is shown in fig.9 using 68% confidence level contounstfe
parameterd of the Taylor expansion fit.

The average of the present results [10], together with additionaliexpetal and theoretical inputs,
allows to determingVv,s| = (0.2254+ 0.0013). Using the best present value fdfq] it is possible
to estimate the departure from the unitarity for the CKM matfigiy = 0.0001+ 0.0006. With

a model-independent effective theory approach [11], it is possiblettthe boundary to the scale
for new physics contribution in the quark dynamics above 10 TeV.

In 2007, the NA62 experiment [2], using the same beam line as the NA4B&iment, collected a
factor 10 more statistics with respect to the analysis presented here, G#and inK,3 modes.

It collected also, in a specitl_ run, ~ 4 x 10° K3 andKJ;. The analysis of these data will help to
further reduce the uncertainty ov,g|.
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