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1. Introduction

In 2003-04, the NA48/2 experiment has collected at the CERRS e world largest sample
of charged kaon decays, with the main goal of searching fectliCP violation [1]. In 2007-
08, the NA62 experimentRk phase) collected a large minimum bias data sample with time sa
detector but modified data taking conditions, with the maial@f measuring the ratio of the rates
of leptonic kaon decays [2]. The large statistics accuradlély both experiments has allowed the
studies of a range of rare kaon decay modes. The study ofheleaayK ™ — 1 yy is presented
here.

Measurements of radiative non-leptonic kaon decays peavidcial tests for the ability of the
Chiral Perturbation Theory (ChPT) to explain weak low eggigpcesses. Inthe ChPT framework,
theK* — 1t yy decay receives two non-interfering contributions at Idwes-trivial orderO(p?):
the pion and kaon loop amplitude depending on an unkn®i) parameter [3]. Higher order
unitarity corrections fronK — 37 decays, including the mai@(p®) contribution as well as those
beyondO(p®) due to using the phenomenological valueKofs 37 amplitudes, have been found
to modify the decay spectrum significantly; in particuldwey lead to non-zero differential decay
rate at zero di-photon invariant mass [4]. The total bramgtifaction is predicted to be 1075,
with the pole amplitude contributing 5% or less [4, 5]. TheRTtpredictions for the decay spectra
for several values of are presented in Fig. 1: the di-photon mass spectra exhdbitieacteristic
cusp at twice the pion mass due to the dominant pion loop &mndpli

Experimentally, the only published* — 1" yy observation is that by the BNL E787 experi-
ment [6], of 31 decay candidates in the kinematic region 1@/} < p, < 180 MeV/c (where
pr is the ™ momentum in theK* frame), with 5 expected background events. The measured
branching fraction i$1.10+ 0.32) x 10~ and the parameteri§ 1.6+ 0.6 atO(p*) and 18+ 0.6
ato(pd).

2. Beam, detectors and event selection

The beam line has been designed to deliver simultaneousywanomentum band* and
K~ beams derived from the primary 400 G&frotons extracted from the CERN SPS impinging
on a beryllium target. Beam momenta of-6@ GeV/c and 74+ 1.5 GeV/c were selected by two
systems of dipole magnets, focusing quadrupoles, muonmsgand collimators. The beam kaons
decayed in a fiducial decay volume contained in a 114 m longaytal vacuum tank. A detailed
description of the detector used in 2003-08 is available7in [The momenta of charged decay
products are measured in a magnetic spectrometer, housetiik filled with helium and placed
after the decay volume. The spectrometer comprises fofiratitambers (DCHS), two upstream
and two downstream of a dipole magnet which gives a horitdrdasverse momentum kick of
120 MeV/c (NA48) or 265 MeV/c (NA62) to singly-charged particles. Each DCH is composed of
eight planes of sense wires. A plastic scintillator hodpsc@1OD) producing fast trigger signals
and providing precise time measurements of charged pestisiplaced after the spectrometer. A
27 radiation length liquid krypton (LKr) electromagnetialarimeter located further downstream
is used for lepton identification and as a photon detecterekdout cells have a transverse size of
approximately 2< 2 cn? each, without longitudinal segmentation.
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Data for this analysis were collected during a 3-day spadid8/2 run in 2004, and a 3-
month NAG62 run in 2007. The latter sample has been collecti#d avset of downscaled trigger
conditions with an effective downscaling factor of about Ahe effective kaon fluxes collected
in 2004 and 2007 are similar, but the background conditienkrasolution on kinematic variables
differ significantly. A crucial advantage of minimum biasrgales exploited by the present analyses
is the absence of sizeable systematic effects due to trigg#iciencies. The resulting total sample
is about 10 times larger than the BNL E787 one.

The kaon decay vertex is reconstructed as the point of dleggsoach (CDA) of the track
extrapolated upstream (taking into account the measuray stagnetic field in the vacuum tank)
and the axis of the kaon beam of the corresponding charger(dlieied with fully reconstructed
K* — 3mdecays). Signal events are selected requiring: only ond goality track in the detector
acceptance, with momentum in the range 10(8) Be\ p < 40(50) GeV/c for the 2004 (2007)
data, to reduce background frdti — " °°; two isolated clusters in the LKr calorimeter with
energy above 3 GeV, and in time with the reconstructed tr&iRA of the track to the beam
axis required to be less than 3.5 cm; reconstructed kaornydesréex located within the decay
volume (92 m long). A charged pion is identified by the ratiop of energy deposition in the LKr
calorimeter to momentum measured by the spectrometerhvidirequired to b& /p < 0.85; this
removes the background from theé" — e v decay with internal or external bremsstrahlung, as
well as from the structure-dependdfit — m’e*vy decay. The reconstructed total and transverse
momentum of thertyy system with respect to the beam trajectory should be in aggrewith
the beam properties. The reconstructetyy invariant mass should be in the range (0.48; 0.51)
GeV/c?. Finally, signal events are selected in the regiea (m,,/mk )? > 0.2 to reject theK* —
" ° background peaking at= 0.075.

3. Resultsand discussion

The rt*yy mass distributions from data are shown in Fig. 2, togethén thie MC simulation
expectations of the signal and background contributioih® Simall excess visible around 0.55 MeV
is due to a specidk™ — r* iy background topology with photon conversion where the taia
photon is undetected, while a photon from th® decay converts in the spectrometer between
the first plane and the magnet, resulting in two calorimehlesters but no reconstructed tracks;
the other photon from the® decay either forms a merged cluster or is outside the cadtem
acceptance. The difference between the right and left @aise to a difference by a factor of 2 in
the magnetic field integral in the spectrometer.

A total of 147 (175) decays candidates are observed in thé 28W07) data set, with back-
grounds contaminations of about 11.6% (6.9%) frem — = 1°(1°)(y) decays with merged
photon clusters in the LKr calorimeter. Due to #& — " 1° background peaking at= 0.075,
the data are not sensitive to the region close to zero digphavariant mass. The data distributions
of the z kinematic variable, together with the signal @tp®)) and background expectations, are
displayed in Fig. 3: they support the ChPT expectation ofspat the two-pion threshold. The
values of thec parameter have been measured in the framework of the @{PT) and O(p®)
parameterization (according to [4]) by performing logelikood fits to the data. The preliminary
results of the fits are in agreement with the earlier BNL E78&s0 The uncertainties are domi-
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nated by the statistical one; the systematic errors arelyndire to uncertainties in the background
estimates. Th®(p®) parametrization involves a number of external inputs, fixedollows: the
polynomial contribution terms amg, = 2.06, n, = 0.24 andns = —0.26 as suggested in [4], while
theK* — 3rr* amplitude parameters come from a fit to the experimental [@ht&long with the
separate 2004 and 2007 results, the combined results aenped in Table 1. The combination
takes into account the large positive correlation of thaéesyatic uncertainties of the two mea-
surements: foD(p?) fit &= 1.56+ 0.23; for O(p®) fit &= 2.00+ 0.26; for O(p®) fit the branching
fraction is(1.0140.06) x 10°%. TheK* — rryy branching fraction as a function ofi$ shown
in Fig. 4 (left); differential rate in terms af= (m,,/mx)?, for O(p*) andO( p®) parameterizations
according to [4], withc'as measured from the fit to the data, is shown in Fig. 4 (righgta are
consistent with botl®(p*) andO(p®) descriptions.

2004 data 2007 data Combined
¢, O(p*) fit | 1.3640.334a +0.07gg | 1.71+0.294 4 0.065y | 1.56+ 0.2244 + 0.075
¢, O(pP) fit | 1.6740.3%a +0.09%g | 2.21+0.31gy 4 0.08yy | 2.00+ 0.2444 + 0.09%
BR,O(p®) fit | (0.9440.08) x 10°° (1.06+0.07) x 10°© (1.01+0.06) x 10°°

Table 1. Preliminary results of the fits to the di-photon mass distidn of K+ — rtyy decays, with the
ChPT parameterizations described in [4]. The quoted biagdhaction values correspond to the full kine-
matic range. The combination takes into account the larg#ipe correlation of the systematic uncertainties
of the 2004 and 2007 measurements.

4. Conclusions

NA48/2 and NAG2 experiments have performed new, prelinyimaeasurements of the* —
" yy decay. The achieved precision for branching fraction ameh fiactor parameters represents
a significant improvement with respect to that of the only sseament published to date. The
measurements increase the precision of ChPT tests witkchhisnel. The publication of the final
result is in preparation.
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Figure 1: ChPT predictions for th&* — 1r*yy differential rate in terms af = (m,,/mk )? for O(p*) (left)
andO(p®) (right) parameterizations according to [4], with=-2; 0; 2. Thectindependent pole contribution
is also shown. For th@(p®) parameterization, values of polynomial contributignare taken from [4], and
theK* — 3t amplitude parameters are taken from a fit to experimental [@t
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Figure 2: Distributions ofK* — mryy invariant mass with MC expectations for signal and backgdsu
2004 data (left) and 2007 data (right). The signal regiondcated with arrows.
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Figure 3: Distributions ofz= (mW/mK)2 with MC expectations for signal (best fit) and background@4£
data (left) and 2007 data (right). The estimated MC signahponent corresponds to ti@(p®) fit. The
signal region (® < z< 0.52) is indicated with arrows.
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Figure4: K* — mrtyy branching fraction as a function of{left) andK* — i yy differential rate in terms

of z= (my,/mk)? (right), for O(p*) andO(p®) parameterizations according to [4], witla§ measured from
the fit to the data. The pairs of points (left) corresponddauhcertainty around the combined measurement
of €.



