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Abstract

Thekt = 7Outvy (K,.3,) decay has been measured with stopped positive kaons at the KEK 12 GeV proton synchrdfjgy. gample
containing 125 events was obtained. The partial branching Bati&, 3, , £, > 30 MeV, Ou+y > 20°) was found to bg2.4 & 0.5(stah +

0.6(sysb] x 10~°, which is in good agreement with theoretical predictions.
0 2005 Elsevier B.V. All rights reserved.
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Semi-leptonic radiative decays @& -mesons,K — wlvy is dominant in the decays with electrons in the final state such as
(K13,), offer a good testing ground of hadron structure mod-K — wevy (K.3,) decays, one expects a significant DE con-
els making use of low-energy effective Lagrangians inspired byribution when there is a muon in the final staté,—~ 7 uvy
chiral perturbation theory (ChPT). It is expected that branch{K 3, ), because of the larger lepton mass. The relative size of
ing ratio measurements and decay spectra with a single piaie DE effects can be calculated in strong interaction models.
in the final state provide simple but good constraints on thd-ollowing the early estimatg4—3], based on current algebra,
models. The radiative decays of mesons usually consist of acalculations in the framework of the ChPT theory have been
internal bremsstrahlung (IB) process and a hadron-structuretone[4].
dependent direct emission (DE) process. While the IB process K;s3, branching ratios of neutral kaons with electrons and

muons in the final state have been reported in the literature
with branching fractions 0K53y and K23y of 3.5 x 1073 and

* Corresponding author. 5.5 x 1074, respectively[5]. For the charged kaons kg5 , de-

, Email address: suguru@phys.sci.osaka-u.adsp Shimizu). cay branching ratio of B5 x 10~4 has been measurés], and
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versity, Ibaraki, Osaka 567-0043, Japan. results of the first measurement of tﬁ/%y decay using an in-
¥ Deceased. flight K~ beam has recently been reporféf In this Letter, we

0370-2693/$ — see front mattét 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.physletb.2005.12.045


http://www.elsevier.com/locate/physletb
mailto:suguru@phys.sci.osaka-u.ac.jp
http://dx.doi.org/10.1016/j.physletb.2005.12.045

KEK-E470 Collaboration / Physics Letters B 633 (2006) 190-194 191

present a new measurement of &g — 7% vy (K 3,) de- 200 accept
cay using a stoppe& * beam along with detailed Monte Carlo 180 | 4
S|mulat|ons, which enabled us to determmeﬂ]gy branching § 160 [
ratio. S .
The experiment was performed at the KEK 12 GeV pro- D 140
ton synchrotron. The detector was basically the E246 de&fup E 120 -
which had the 12-sector toroidal spectrometer and the ancillary u
detector assemblies such as the photon calorimeter and the par- 100 |
ticle tracking system. Since the system was built primarily for 80 -
the purpose of a high precision test of time-reversal invariance u
inthe K+ — 7% v (K ,3) decay[7], an elaborate simulation 60 | | | |
program based on GEANT®B] has been developed. Details 10000 20000 30000
of the setup are well documented in Rfd]. In addition to M 2 (MeVZ/c4)
the T-violation search, spectroscopic studies for various decay TOF

channels have also been successfully performed using the same . )
detector systerfiLO—lZ] yp 9 Fig. 1. Correlation plot OTM%OF and P,. The K3 and K2, events which

. . were used to calculate th¢, 3, branching ratio and the background fractions
A separated 660 MeX¢ K™ beam was stopped in an active are also seen.

target system. Th& 3, events were identified by analyzing
the «* momentum with the spectrometer and detecting thregbtain the highest probability for the correct pairing by using
photons in the CsI(Tl) calorimeter. The momentum vectors othe simulation data. The correct pairing probability was esti-
the charged particles were determined by reconstructing theihated to be 69% from the Monte Carlo simulation. Further,
trajectories in the spectrometer using multi-wire proportionakince most of background events do not satisfy&he, kine-
chambers (MWPCs). Tha™s were selected by determining matics, the cut o2, < 1.5 reduced the background contam-
the squared mass42,;) from a time-of-flight measurement. inations. An additional cut condition, @5, Imin < 0.45, was
The photon energy and hit position were obtained, respecapplied to reject events with a photon split into multiple clus-
tively, by summing the energy deposits and taking the energyters, where6, ,, Jmin is the minimum opening angle of photons
weighted centroid of the CsI(Tl) crystals sharing a shower. Th&imong the three combinations. The above conditions were suf-
analysis procedures of the present work for the charged particlgient to selectk ,3, events. From this analysis, a sample with
tracking, TOF measurement, and photon energy and hit poss65 events was extracted. The spectra are showigir2 The
tion determinations are the same as those of the prew@ys  black (solid) histograms are the data comprising of e,
study (see Ref11] for details). events and the background events to be discussed below.
Specific cuts for theK 3, selection are described below. There are three major background componeiks, —
The charged particle momentum corrected for the energy l0ss in+ 7970 (K,3), K* — nt7% (Kx2,), and K 3. The for-
the target £, +) was imposed to b&,+ <170 MeV/c. Events  mer two could imitateX 3, if the pion decays in flight and the
from =+ decays in-flight and scattering of the charged particlethree photons hit the calorimeter. Alsk,,3 with an accidental
from the magnet pole faces were eliminated by requiring thephoton could contribute t&,3,. The K3 and K, conta-
particle track to be consistent with the hit position in the ringminations were estimated using a Monte Carlo simulation. The
counters surrounding the active target sys{8in The selec-  simulation data were analyzed in the same manner as the exper-
tion criterion for muons was 8000 M2, < 14500 MeV/c*,  imental data, yielding surviving background fractions. In order
as shown inFig. 1 Events with three photon clusters in the to determine these fractions, the results of careful evaluations,
calorimeter were selected: two as coming frefh— y1y2and  carried out in the previouk 2, study[11], were used. These
one being a radiative photopd). Since there are three possible g _; and K2, events can be seen in tifg— %OF scatter plot
combinations to form a° from three photons, a quantit9? in Fig. 1 The numbers of th& ;3 and K2, events were cal-
was introduced to find the correct pairing, culated from those of the experimenttl3 and K2, events

by using acceptance ratios as
0% = (Mo — M)?/od

MEA CAL 2, 2 (KBS
+ (c0s855 — 005, —a) Yo D y(xeg)= ZUE (k). (2a)
whereM, o is the invariant mass of the selected pair apd, , (Kz3')
is the opening angle between the andys. The superscripts BG .Q(KE%) NM
MEA and CAL stand for the measured angle and the anglg(KnZy) - _Q(KN%/I)Y(KNZV)’ (2b)
w2y

calculated from other observables by assumingkhe, kine-
matics. The pair with the minimun@? (= Q2 ) among the where Y (X) is the yield of decay channet and 22(X) is
three possible combinations was adopted as the correct paihe detector acceptance determined by the simulation. BG and
ing. Theo (o, o,) and offset valuesM, «) in each terms are  NM stand for the selection conditions of the present back-
om = 1092 MeV/c?, o, = 0.273, M = 1183 MeV/c?, and  ground evaluation and the previous nornil,, study[11],

a = 0.265. The choice of the parameters were determined toespectively. Potential systematic errors from the uncertainty of
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