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The NA48/2 collaboration has analyzed 1.1 million chargadrkdecay&* — " me*v lead-
ing to an improved determination of the branching fractibpexcent level precision and detailed
form factor studies. The collaboration also has accumdlat8000 semi-leptonic charged kaon
decaysKe(00) to m°mPev, increasing the world available statistics by several ad magni-
tude. Background contamination at the one percent levelvangdgoodr® reconstruction allow
the first accurate measurement of the branching fractiordandy form factor. A sample of about
300K* — mtyy rare decays with a background contamination below 10% heis ballected by
the NA48/2 and NA62 experiments at CERN during low intensitys with minimum bias trigger
configuration. The measurements of the rate and decay piepare presented.
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1. Introduction

The study of bottKes andK* — 1t yy decays can provide valuable inputs to test Chiral Per-
turbation Theory (ChPT). NA48/2 experiment, devoted to the searchReviGlating asymmetry
in K*¥ — 37" decays/[[lL], has also provided large samples of rare kaon decay932804. In
2007-2008, the NA62 experimenfi [ZR¢ phase) collected a large data sample with the same detec-
tor but a modified beam line. A detailed description of the NA48/2 detector elsnseavailable
in [B.

Two simultaneou& ™ andK ™~ beams are produced by 400 GeMrotons on a beryllium tar-
get. Particles of opposite charge with a central momentum of 60 &a¥d a momentum band of
+3.8% (rms) are selected by two systems of dipole magnets, focusing quadrupoles,sweep-
ers and collimators. Charged particles frétf decays are measured by a magnetic spectrometer
consisting of four drift chambers (DCH1-DCH4) and a dipole magnetdachetween DCH2 and
DCH3. The magnetic spectrometer is followed by a scintillator hodoscope. Adli§ypton
calorimeter (LKr) measures the energy of electrons and photons.

The kinematics of th&* — m"me*v (KJ,”) decay is described by five variablg$ [4]: the
dipion squared invariant mas, the dilepton squared invariant me&s the angled;; of the ™
in the dipion rest frame with respect to the flight direction of dipion in the kast frame, the
angle8, of the e* in the dilepton rest frame with respect to the flight direction of dilepton in the
kaon rest frame, and the anggebetween the dipion and dilepton planes in the kaon rest frame.
The decay amplitude is the product of the leptonic weak current and (vadjonic current.The
hadronic current is described in terms of three (F,G,R) axial-vector ard(ld) vector complex
form factors.

These form factors are developed in a partial wave expansion, limited &m@&-P-waves
and considering a unique phaggfor all P-wave contributions (in absence of CP violating weak
phases)F = Fsg/%s + Fpe%rcosOy, G = Gpe%, H = Hpe%»

The decay probability depends only on the form factor magnitlg€es,, Gp, Hp, a single
phased = & — dp and kinematic variables. The form factors can be developed in a sepassrn
of the dimensionless invariantg = (Sy/4m?) — 1 andS,/4m? [H]. Two slope and one curvature
terms are sufficient to describe the measurefbrm factor variation within the available statistics
(Fs = fs(1+ 2/ fs0? + 17/ 0 + £/ fsS/4m?)), while two terms are enough to describe tBg
form factor Gp/ fs = gp/ fs+ g/ fsg?), and two constants to describe fheandH, form factors.

For theK* — mPnPe*v (KX) decay mode, the matrix element doesn't dependpand ¢
angles. Itincludes the only form factbg with a possible variation witls,; andS..

2. Ky, results

The hadronic form factors in the S- and P-wave and their variation withggrigave been
obtained concurrently with the phase difference between the S- and@®staes of therrr system,
leading earlier to the precise determinationagfanda), the 1=0 and 1=2 S-waverr scattering
lengths [6].

A high precision measurement i, normalized (divided byfs) form factor parameters has
been published by NA48/2 iff][7]. Their absolute values can be obtaioetltiie branching ratio
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measurement. Details of this né¢{,” branching ratio measurement by NA48/2 can be found in
[

TheKJ, rate is measured relative to tie" — " ™ (KJ,,) normalization channel.The
Kes andKs;; candidates are reconstructed from three charged tracks considtettievsame decay
vertex. Kinematic separation from signal and normalization is obtained loyrieg| (or not) miss-
ing mass and missing transverse momentum in thel@ay hypothesis. Electron identification
criteria require track momentum larger than 2.75 GeMJ.9 < E(LKr)/p(DCH) < 1.1 and asso-
ciated LKr shower properties consistent with the electron hypothesis. itattification criteria
require track momentum larger than 5 GehdE(LKr)/p(DCH) < 0.8.

A total sample of about 1.1 miIIingf candidates (one electron traek and two opposite
sign pions) and about 19 millions of prescaleg; candidates (three charged pions with total charge
+1) were selected from data recorded in 2003-2004.

There are two main background sourcés® — " = decays with subsequent— ev
decay or a pion mis-identified as an electron; &id— m°(n°)r* with subsequent® — ete"y
decay with undetected photons and an electron mis-identified as a pion. t@héaokground
contribution is below 1% of the signal.

A detailed GEANT3-based [JL0] Monte Carlo simulation was used to computptaes,
taking into account full detector geometry, DCH alignment, local inefficienaied beam prop-
erties. The resultind<}, branching fraction is found to bBR(Kg, ) = (4.257+ 0.00444 +
0.016y¢ 4+ 0.031e¢)107°, three times more precise than the current PDG vdllie [9]. The exter-
nal error, from the uncertainty of the normalization channel branchatig,rdominates the total
error of the measurement.

The measured branching fraction has been used to eXtracrmalization form factor and all
the absolute values of hadronic form factor parameterization coefficients

3. K decay studies

The K rate is measured relative 16* — e (K99 normalization channel. These two
samples are collected with the same trigger logics, highly efficient for thistéepology. A
common event selection was considered as far as possible.

Events with at least fouy, detected by LKr, and at least one track, reconstructed from spec-
trometer data, were regardedk’ or K32 candidates. Every combination of twgairs, detected
by LKr, was considered as a pair af. Reconstructed longitudinal positions of batf — 2y
decay candidates were required to coincide within &@pand their average positiddy, was in the
fiducial volume.

Decay longitudinal positioZq, assigned to every track, was defined by the closest distance
approach between the track and the beam axis. Combined vertex, cahgidear LKr clusters
and one charged track, was required to have the difference betwesntitio measured longitudinal
positions|Z, — Zq,| less than 80@m.

Pion and electron identification was the same akjp case (see Sectigh 2K and K32
decays were discriminated by means of elliptic cuts in Meofo+, pt) plane, wheréM o0+ IS
the invariant mass of combined vertex in Ih%T hypothesis, ang; is the transversal momentum.
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Figure 1: K& normalized form factor squarde€/ f2. Below Sy = (2m;+ )? the curve takes into account the
lowest orderrtrt rescattering contribution frol].

Elliptic cut separates about 70 millid€3° normalization events from 450005 candidates.
Residual fake-electron background is about 1.3%gff signal. Background froni32 with the
subsequentrt — e*v is 0.1% of the signal, that is a small fraction of total background.

The preliminary result has been obtain®(K%) = (2.5954-0.01 244 +-0.024y +0.032¢)10°.
This measurement is 10 times more precise, than the current PDG comléspealue [P]. Sys-
tematic error includes the contributions from background uncertainty, siionlatatistical error,
sensitivity to form factor, radiation correction simulation effect, triggercedficy and beam ge-
ometry uncertainties. External error comes from PDG uncertainty of atian channeK29
branching fraction.

Below the threshold 08y = (2my:)? the measuredk?) decay form factor shows a deficit
of events (Fig[JL). Itis very similar to the effect of m — 1O rescattering irK* — O
decay (cusp effect), investigated by NA48/2 experiment receijtly [Bhebasis of advanced ChPT
formulations.

4. K* — mtyyresults

Measurements of radiative non-leptonic kaon decays provide stringgtistof ChPT. In this
framework, theK* — 1™ yy decay receives two non-interfering contributions at lowest non-trivial
order & (p*): the pion and kaothoop amplitude depending on an unknowfi(1) constant repre-
senting the total contribution of the counterterms, andpiiie amplitude [[[7].

New measurements of this decay have been performed using data colladteg @ 3-day
special NA48/2 run in 2004 with 60 GeK* beams, and a 3-month NA62 run in 2007 with
74 GeVE K* beams. Signal events are selected in the regienm,,/mg)? > 0.2 to reject the
K* — mr* ® background peaking a= 0.075. 147 (175) decays candidates are observed in the
2004 (2007) data set, with backgrounds contaminations of 12% (7%) Krém- 1t °(1°)(y)
decays with merged photon clusters in the electromagnetic calorimeter.

The characteristiz distributions are displayed in Figuf¢ 2. The values of theafameter
in the framework of the ChPT/(p*) and &(p®) parameterizations according fo]13] have been
measured by performing likelihood fits to the data. The preliminary combinedtsesf the fits
based on 2004 and 2007 runs data are in agreement with the earlier B8IL(BY events,[[14])
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Figure 2. Characteristiz distributions with MC expectations for signal and backgrdst 2004 data (left)
and 2007 data (right). The signal region is indicated witio\as.

ones:cor ¢ (p*) fit = 1.56+ 0.23; ¢ for &/(p®) fit = 2.00+ 0.26; branching fraction for (p®) fit
=(1.01+0.06) x 10°6.

5. Conclusion and future prospects

New measurements of thHef,” and K% branching ratios have been obtained at improved
precision by the NA48/2 experiment. First resultskyform factor ongL{J are consistent with the
Kg,~ corresponding measurement within the current statistics. The branettiogind form factor
parameter of th&* — 711 yy decay are obtained at improved precision.

Future prospects include the observation of several thousand decsigglar muonic modes
K+ — m°r®u*v (never observed) and* — mr m u*v (7 events observed).
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