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1. Introduction

Semileptonic kaon decays— v offer the access to most precise determination of the CKM
matrix elementV,s|. The hadronic matrix element of these decays is usually described in terms of
two form factors (vectorf , (t) and scalarfp(t) ones), which depend on the squared 4-momentum
transfer to the lepton systet= (px — pr)?.

It is convenient to normalize all form factors fo" (0) and define the form factors ds0(t)
with f_+v°(0) = 1. Traditionally, polynomial expansion and pole parameterization of the facm
tors have been usef [1]:

t 1 t2

fiolt)=1+A" + A7 (1.1)
+ () +Om]2_( 2 JrOrn;lT
_ M2 o

foolt) = d 1.2

+70() M\%S—t ( )

The quadratic parameterizatioh {1.1) is the simplest one, but it has a swomgatons be-
tween fit parameters. The pole parameterizatjorj (1.2) uses physicaiptisu about suitability of
some hypothetical resonance madggs as a fit parameters. This allows to reduce the number of
fitted parameters.

The NA48/2 experiment has collected in 2004 the largest sample of chkaged semilep-
tonic decays. Precision measurements of 6th— r°u*v (K ;) andK* — nle*v (Kg) form
factors are reported here.

2. NA48/2 beam and detectors

Two simultaneouK ™ andK~ beams are produced by 400 GeVprotons impinging on a
beryllium target. Particles of opposite charge with a central momentum of §0dGand a momen-
tum band of+3.8% (rms) are selected by two systems of dipole magnets, focusing quadrupoles,
muon sweepers and collimators. For the particular study reported herbeéme intensity was
reduced and the beam momentum restricted t&: 6B GeVk

A detailed description of the detector elements is availabld]in [2]. Chargéeitiparfrom
K* decays are measured by a magnetic spectrometer consisting of fourhafibers (DCH1—
DCH4) and a dipole magnet located between DCH2 and DCH3. The spetgrosiéocated in
a tank filled with helium at atmospheric pressure and separated from thg deltime by a thin
Keviar® window. A 16 cm diameter aluminum vacuum tube centred on the beam axigheins
length of the spectrometer through central holes in the window, drift chemvarel calorimeters.
Charged particles are magnetically deflected in the horizontal plane bygl@ emrresponding
to a transverse momentum kick of 120 MeV/The momentum resolution of the spectrometer is
o(p)/p=1.02%d 0.044%p (p in GeV/c). The magnetic spectrometer is followed by a scintillator
hodoscope providing accurate timing for charged particles.

A liquid Krypton calorimeter LKr is used to measure the energy of electrodsgpaotons. It
is an almost homogeneous ionization chamber with an active volumel6fn? of liquid krypton,
segmented transversally into 2 cin2 cm projective cells by a system of Cu-Be ribbon electrodes.
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The calorimeter is 2%, thick and has an energy resolutiar(E)/E = 0.032/+/E & 0.09/E &
0.0042 (E in GeV). The space resolution for single electromagnetic sh@aarke parameterized
asoy = oy = 0.42/ VE 6 0.06 cm for each transverse coordinatg.

A muon veto system MUV is essential to separate muons from hadrons. Itde nfa3
scintillator strip planes and 80 cm thick iron walls shielding each plane.

3. K3 events sdlection and analysis

The event selection required at least one track measured in the speetrame two clusters
reconstructed in the electromagnetic calorimeter. The track impact pointshrdesector (DCH,
LKr, MUV) had to be within the corresponding fiducial acceptances.

The neutral pions were reconstructed from two photon clusters in thealdrimeter, in-time
with the track in the spectrometer, isolated from the track impact and with esergme 3 Ge\W
each.

The electron identification required the track momentum to be larger than 5cGé&vtime
with an associated LKr cluster, with the ratg p of the energy measured in LKr and the momen-
tum obtained from the spectrometer between 0.95 and 1.05 and no MUV dxi@ssn. The muon
identification required the track momentum to be larger than 10 GeMénsure high efficiency in
the MUV system, the rati& /p to be smaller than 0.2 and a MUV hit association.

Kaon longitudinal momentum was calculated in the assumptions of missing neutdrze e
kaon transevrsal momentum with respect to the beam axis. The closestGe\&0 solution
was chosen. An absolute value of missing mass squared of the recdmﬂ;t{@event with an
undetected neutrino was required to be less thah @GeV/c?)?.

The reconstructeld;3 event Dalitz plots are shown on Fig. 1.

For K§3 the background frork* — 7+ 11° events with the subsequemt — p*v decay was
suppressed by means of combined cut of the invariant mass (underrr™ hypothesis) andi®
transverse momentum. This cut reduces the background contamination teehef 1@.5% with a
24% loss of signal statistics.
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Figure 1: Dalitz plots forKys (left) andKes (right) reconstructed decaykg, E;, Ej; are the corresponding
particle energies in the kaon rest frame.
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Table 1: Preliminary form factor results for the quadratic and théegmarametrizations

Quadratic (10~3) AL Al Ao

Ko 26.343.0¢a +2.2q | 1.2+ L1gq +1.1gg | 157+ 14gqy + 1.05g
K3 2724+ 0.79a +1.1gg | 0.740.3ga +0.49g

Combined 270+11 0.8+0.5 162+1.0
Pole (MeV/c?) my Mg

K3 873+ 84ar + 9y 1183+ 3lg & 165
K3 879+ Tgar + Tsyg

Combined 877+6 1176+ 31

Another source of background is dueke — = 1°711° events with thet™ decaying and a lost
m°. The corresponding estimated contamination amounts to about 0.1%. It is acentailbution,
but it introduces a slope in the Dalitz plot. So the corresponding correcéisib&en applied on the
final analysis stage.

ForKZ, only the background frord* — 1= i° with 77 misidentified as electron significantly
contributes to the signal. A cut in the transverse momentum of the eventekthis background
to less than 0.1% with a loss of about 3% of the signal.

As a result, 5-10° K 3 and 40- 10° K decays were selected. The reconstructed Dalitz
plot was corrected for remaining background, detector acceptamealésed by means of Monte
Carlo program based on GEANT3 packafje [3]) and distortions indbyeddiative effects. The
radiative effects were simulated by using a special Monte Carlo genelatetoped by the KLOE
collaboration [}].

To extract the form factors a two-dimensional fit to the Dalitz plot densitypes®rmed. The
Dalitz plot was subdivided into 5 Me¥% 5 MeV cells in space of the lepton and pion energies in
the kaon center-of-mass. Cells which are not completely inside the decay&iital limits were
not used in the fit.

4. Preliminary results

The preliminary fit results for the quadratic and the pole parametrizationhargrsin Table
A]. The systematic uncertainty was evaluated by varying the analysis cuthemgometrical
acceptance. Additionally, the uncertainty of resolutions of the pion and renergy in the kaon
center of mass, background contribution uncertainty and differencedrirtdependent analyses
were taken into account.

The K|3 quadratic parameterization fit combined results of recent experimentfiane sn
Fig. [3. The 68% condence level contours are displayed for both rheryéKLOE, KTeV and
NA48) and chargeﬂiﬁ; decays (ISTRA+ studield ~ only).

The preliminary NA48/2 results presented here are the first high predisegasurements ob-
tained with botlrK™ andK~ mesons simultaneously. The obtained form factors are in good agree-
ment with the other measurements and compatible with the FlaviaNet combiri¢d Rtéliminary
results for the quadratic and pole parametrizations are competitigf@nd most precise fdf;3.
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Figure2: Combined quadratic fit results &3 modes (68% CL contours) for: 1 - KTeP, [E]); 2-KLOE
(K°, [f]); 3 - Istra+ K, [[1,B1); 4 - NA48 KO, [[]); 5 - NA48/2 K*, the present preliminary results). The
FlaviaNet kaon working group combined fit resul{$ [1] are shown as stiadeas. They do not include the
preliminary results presented here.
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