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I ntroduction

The FCNC processdé™ — 171~ (I = e, u) are induced at one-loop level in the Standard
Model. Their decay rates are dominated by the long-distance contributiooneigphoton ex-
change, and have been described by the Chiral Perturbation TH&o}. Several models of the
vector form factor characterizing the dilepton invariant mass spectrdrthardecay rate have been
proposed [1, 2, 3]. The first observation of k& — mtete™ process was made at CERN more
than 30 years ago [4], followed by BNL E777 [5] and E865 [6] measa@s. The most precise of
these, E865, based on a sample of 10300 candidates, allowed a detaliesisanf the decay form
factor and rate, and a test of the next-to-leading order ChPT calcul&fion [

A recent precise measurement of e — - ete~ decay based on the full data set collected
in by the NA48/2 experiment at the CERN SPS and published in 2009 [7] ®texbhere. The
status and prospects of tke — = u~ analysis based on the same data set are also discussed.

1. The NA48/2 experiment at CERN

The NA48/2 experiment which took data in 200304, designed for chasgmmetry mea-
surements, uses simultaneds andK — beams produced by primary SPS protons impinging on a
beryllium target. Charged particles with moment(80+ 3) GeV/c are selected by an achromatic
system of four dipole magnets with zero total deflection, which splits the twm&éeathe vertical
plane and then recombines them on a common axis. The decay volume hoasgtldrm long
cylindrical vacuum tank. Both beams follow the same path in the decay volugieaites coincide
within 1 mm, while the transverse size of the beams is about 1 cm. WithG#! protons incident
on the target per SPS spill of@s duration, the positive (negative) beam flux at the entrance of the
decay volume is B x 107 (2.6 x 107) particles per pulse, of which B% (49%) areK* (K™). The
K* /K~ flux ratio is 1.79.

A description of the NA48 detector and 2003—-04 data taking can be fouigj. imhe decay
volume is followed by a magnetic spectrometer housed in a tank filled with heliutmaspheric
pressure, separated from the vacuum tank by a thB1L@Xy) Kevlar window. The spectrometer
consists of four drift chambers (DCHSs), two located upstream and twanstoeam of a dipole
magnet which provides a horizontal momentum kickA@f= 120 MeV/c for charged particles.
The nominal spectrometer momentum resolutiooggp = (1.02@ 0.044- p)% (p in GeVC).

The spectrometer is followed by a plastic scintillator hodoscope (HOD) useabtiuce fast
trigger signals and to provide precise time measurements of charged parfible$1OD is fol-
lowed by a liquid krypton electromagnetic calorimeter (LKr) used for photiration and particle
identification. It is an almost homogeneous ionization chambefy #éep, segmented transver-
sally into 13248 cells 22 cn? each, with no longitudinal segmentation. Detectors located further
downstream (hadron calorimeter, muon counter) are not used Krthe mtete~ analysis.

2. K* — mfete™ decay analysis

TheK* — mtefe rate is measured relative k6 — =13 normalisation channel (wherd —
ete y is the Dalitz decay). The signal and normalisation final states contain idesétslof
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charged patrticles. Thus particle identification efficiencies, potentially afisigmt source of sys-
tematic uncertainties, cancel at first order. Three-track vertices @i with K* — mrrete-
andK* — ning topology) are reconstructed by extrapolation of track segments frompte s
trometer into the decay volume, accounting for stray magnetic fields and multgitersng.

A large part of the selection is common to signal and normalisation modes, quideea
presence of a vertex satisfying the following criteria.
— Vertex longitudinal position is inside fiducial decay volurZgsrex > Zfinal collimator
— The tracks should be in DCH, HOD and LKr geometric acceptance, arelirhamenta in the
range 5 GeYc < p < 50 GeV/c. Track separations should exceed 2 cm in DCH1 plane to suppress
y conversions, and 15 cm in LKr front plane to minimize effects of showerlaps.
— Total charge of the three track9:= +1.
— Particle identification is performed using the rafop of energy deposition in the LKr calorime-
ter to momentum measured by the DCHs. The vertex is required to be compasedrfandidate
(E/p < 0.85), and a pair of oppositely charget candidatesE /p > 0.95).

If several vertices satisfy the above conditions, the one with the best@rquality is con-
sidered. Th&K* — mete~ candidates are selected by applying the following criteria.
— rrfete” momentum within the beam nominal range: 54 GeV |PBree| < 66 GeV/c.
— rtete transverse momentum with respect to the beam trajectory (which is precisatyrad
using the the concurrently acquird — 37t sample):p2 < 0.5x 1072 (GeV/c)?.
— Kinematic suppression of the main background cha#iel— ning (and other backgrounds
induced byrn§ andn3, — 4e* decays) by requiring = (Mee/Mg )? > 0.08, which corresponds to
Mee > 140 MeV£E?, and leads to a loss ef 30% of the signal sample.
— rrtete invariant mass: 470 MeXt? < My < 505 MeV/c?. The lower limit corresponds to a
E, < 23.1 MeV cutoff for the energy of a single directly undetectable soft IB photo

For theK* — r* i normalisation mode candidates, a presence of a LKr energy deposition
cluster (photon candidate) satisfying the following principal criteria is iregu
— Reconstructed cluster enerBy> 3 GeV, cluster time consistent with the vertex time, sufficient
transverse separations from track impact points at the LKr plane.
—ete” yinvariant mass compatible with7f decay:|Mee, — M| < 10 MeV/c2.
— mtete ytotal and transverse momenta: same requirements as uséd forrete .
— reteyinvariant mass: 475 MeXt? < Myeey < 510 MeV/c2.

The reconstructedr"e* e~ invariant mass spectrum is presented in Fig. 1a. The number of
K* — mtete™ candidates in the signal regionNsee = 7253, of which 4613 (2640) ai€™ (K™)
candidates. The background sourceskire— =18 andK* — ne*v decays withriy — e*ey
ande* /™ misidentification, and kaon decays with two or mete pairs in the final state from
ng(D) decays or externai conversions. Background contamination is measured td.8e-0.1)%
using the sum of spectra of the unphysical data LIE\¢*e* and triple chargerte*e* candidates.

The number oK* — ning candidates in the signal regionls,; = 1.212x 10’. The only
significant background source is tK¢ — n‘D’uiv decay, with contamination in the signal region
estimated to be 0.15% by MC simulation.

The decay is supposed to proceed through single virtual photon egehasulting in a spec-
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Figure 1. (a) Reconstructed spectrum ofete™ invariant mass: data (dots) and MC simulation (filled
area). Note the description of the radiative mass tail byRRETOS simulation. (b} spectrum of the
selectecK*™ — m*ete” candidates. Filled area: estimated background multifiied factor of 5.

trum of thez = (Mee/M )? kinematic variable sensitive to the form facw(z) [1]:

dr GZMK 3/2 2 rg r(ze 2
5= W/\ (Lzroy /14 <1+2Z> W(2)|%, (2.1)

wherere = me/M, Iy = My/My, andA (a, b, c) = a + b? 4- ¢® — 2ab — 2ac — 2bc. The following
parameterizations of the form factdf(z) are considered in the present analysis.

1. Linear:W(z) = GEMZ fo(1+ 82) with free normalisation and slogéo, ). Decay rate and
zspectrum are sensitive 1dy|, not to its sign.

2. Next-to-leading order ChPT [1W(z) = GEMZ (a; + b, z) + W™ (2) with free parameters
(a;,b;) and an explicitly calculated pion loop teM#7(z) given in [1].

3. Combined framework of ChPT and larbg-QCD [2]: the form factor is parameterized as
W(z) =W(W, B, z) with free parameter&¥v, 3).

4. ChPT parameterization [3] involving meson form factoh&(z) = W(Mgy,Mp, 2). The reso-
nance massed/l,, M) are treated as free parameters in the present analysis.

The Coulomb factor is taken into account following for instance [9]. Radiatiorrections to
K* — mtete are evaluated with a PHOTOS [10] simulation of tié — mFy* — mrete”
decay, and cross-checked with a generalized computation for a multirbesign decay [9]. They
are crucial for the extrapolation of the branching ratio from the limMége (equivalently,E,)
signal region to the full kinematic region: about 6% of the tétal — m-e*e(y) decay rate fall
outside the signal regiof, < 23.1 MeV.

The z spectrum of the data events (in the visible regkon 0.08) presented in Fig. 1b. The
values ofdl" /dzin the centre of eachbin of zare computed as

 N—-NP Ay(l-g&,;) 1 R
(dF ee/d2)i = or A8 ~A—Z-E~BR(Kiﬂnin0)-BR(nB). (2.2)
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Figure 2. (a) dI' ee/dz (background subtracted, corrected for trigger efficierany fit results according
to the four considered models. (b) Reconstructed spectfumt g® ~ invariant mass: data (dotdf;* —
et~ MC simulation andk* — 37t background estimate (filled areas).
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HereN; andNg are numbers okK* — mfe*e~ candidates and background events inittie bin,
Ny is the number oK* — 77+ 13 events (background subtracted) ande; are geometrical accep-
tance and trigger inefficiency in theh bin for the signal sample (computed by MC simulation),
Ao andeyy; are those foK* — = i§ events Az is the bin width set to 0.02. The external inputs
are the kaon lifetima, and normalisation branching ratios BR: — = 1°), BR(7).

The values ofdl e/dz and results of the fits to the four models are presented in Fig. 2a.
The model-independent branching ratio BRn the kinematic regiorz > 0.08 is computed by
integration ofdl e /dz, and differs from each of the model-dependent BRs computed in the same
zrange by less than.01 x 10~’. The differences between model-dependent BRs come from the
regionz < 0.08, as seen in Fig. 2a.

Systematic uncertainties due to particle identification inefficiencies, imperf€uéscrip-
tion of the beamline, background subtraction, trigger inefficiency, radiatrrections, and fitting
method are considered. The external uncertainties related to limited relegivisipn (2.7%) of
BR(73) are also taken into account.

3. Results, discussion and prospects

The measured model-independentBR > 0.08), and the parameters of the considered mod-
els are presented in Table 2. The correlation coefficients and 68% enoéiccontours for model
parameters are shown in [7]. Each of the considered models providas@nable fit to the data (as
indicated in Fig. 2a). The data are insufficient to distinguish between thelsnotlee measured
form factor slopé is in agreement with earlier measurements [5, 6, 11], and disagrees to the me-
son dominance models [12] which predict lower slope values. The mebdyfea, andb, are
in agreement with the previous measurement§g]is in agreement with a theoretical prediction
a, = —0.6f8:§ [13]. The measured, B are in fair agreement with an earlier measurement [6, 2].

The branching ratio in the full kinematic range, which includes a model-deperduncer-
tainty, is BR= (3.11+ 0.04stat £ 0.05syst &= 0.08cxt £ 0.07model) ¥ 1077; it agrees to earlier mea-
surements [4, 5, 6]. The DCPV charge asymmetry of decay rates is raddsurthe first time:
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Table 1: Model-independent BR(z> 0.08), and fit results for the considered models.

BRmi x 10" = 228 £ 003 * 0.04gyst = 0.06exx = 228 + 0.08
|fo]= 0531 + 0.012% =+ 0.008yss + 0.007x = 0531 £+ 0.016

0= 232 + 015 £  0.09%yst = 232 + 0.18

a; = —0578 & 001Zp; = 0.008yst + 0.007%x = -0578 &+ 0.016

by = —0779 £ 0.053%p =+ 0.036yst += 0.017% = -0.779 + 0.066

W= 0057 £ 0.005t + 0004y =+ 0.00lx = 0.057 £+ 0.007

B= 345 £ 0245s £ 017yt = 005w = 345 £ 0.30
Ma/GeV/c?) = 0974 + 0.030Qu@ + 0.019%yg + 0.002%q = 0974 £+ 0.035
Mp/(GeV/c?)= 0.716 + 0.0llgy =+ 0.007yst + 0.00%; = 0716 + 0.014

A(Kie) = (BRT —BR™)/(BR" +BR™) = (—2.24+ 1545t £ 0.65yst) x 102, corresponding to an
upper limit of |A(K:Le)| < 2.1 x 1072 at 90% CL. However the achieved precision is far from the
SM expectationA(K: )| ~ 107° [1] and even the SUSY upper limit ¢A(K,)| ~ 1073 [14].

An analysis of theK* — " u*u~ decay based on the same data sample is in progress. A
sample of~ 3100 decay candidates with 3% background fromKhe— 37 is selected. The
=yt p~ invariant mass spectrum is presented in Fig. 2b. Unlikekthe— me*e™ case, the full
kinematicz range is accessible, and effects of radiative corrections are sggpreln addition to
spectrum, rate and CPV measurements, the first measurement of thedfbaedmvard asymmetry,
which can be enhanced with respeckté — = e*e™ in both SM and MSSM [15], is performed.
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