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1 Introduction

Present document contains the latest results of the NA48/1 experiment
on neutral kaon and hyperon decays, and the first results obtained in the
NA48/2 experiment on charged kaon decays. These experiments were carried
out in the different beams specially designed and constructed in the K12 beam
line for each of those experiments [1], [2]. Both experiments used the NA48
apparatus [3] updated and optimized accordingly.

The NA48/1 experiment aimed to study of rare decays has accumulated
data in 2002 run in the corresponding high intensity K, and hyperon beams,
which allowed to reach a sensitivity of 10~? in kaon decays.

It has been already reported on the first observation of K, — w%ete™ [5]
and K, — 7°u* = [6] decays and the measurement of corresponding branch-
ing ratios. This allowed to estimate an indirect CP-violating contribution to
the decays K; — %"~ providing input to the determination of the imag-
inary part of the element Vj; of the Cabibbo-Kobayashi-Maskawa (CKM)
quark mixing matrix. Many other decays of K; and hyperons are observed
and studied.

The main goal of the NA48/2 experiment is to search for direct CP-
violation in K* — 7t7~7n% and K* — 75770 decays, in order to achieve a
precision in corresponding asymmetry parameter measurements at the level,
which is at least one order of magnitude better than existing data. Another
goal is to measure a basic parameter of the xPT theory, a pion scattering
length, via precision study of K., decays. It has been shown as well that the
pion scattering length could be measured in K* — 7%7%7° decays, thanks
to the first observation of so called ”cusp structure” in an invariant mass
spectrum of two neutral pion subsystem.

In addition, a wide possibility to study of charged kaon leptonic, semilep-
tonic and rare decays is provided by accumulated record statistics with well
measured kinematic parameters.

In total around 4-10° charged kaon decays have been accumulated in two
runs of data taking in 2003 and 2004.

Now the collaboration is at the stage of intensive analysis of data accu-
mulated in both experiments, NA48/1 and NA48/2.



2 Rare Decays in the NA48/1 Experiment

2.1 Kg— mev

The time evolution of kaons decaying into mev can be described by:

ts a4
N(r£eFv)(t,) o (¢ Tr + |n%e™) F 2D [nle T ' cos(AMt + ¢) (1)

where T;, = T'g /T’ = 578.0 £ 5.0, AM = (m — mg)/I's = 0.4730 £ 0.0015,
In| and ¢ are respectively a module and a phase of a ratio of correspond-
ing decay amplitudes for Ks and K, and D is the dilution. Neglecting
CP violation, the Branching ratio is related to n via: BR(Kg — mev) =

In|? %BR(KL — mev). About 234000 decays have been selected, of which

about 221000 are K decays and 13000 are Kg decays, with a kaon visible
energy between 70 and 130 GeV and an electron energy above 20 GeV (see
Fig. 1). Using the Ginsberg recipe for the radiative corrections, a value for 7
is extracted by fitting the exponential time evolution of the K — mwer decays
and a value for the branching ratio is therefore obtained:

BR(Ks — mev) = (6.8 £ 02,44 £ 0.2,,5:)10 %

This value is in agreement with the PDG value of (6.9 + 0.4)107* [4] and
improves the uncertainty.
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Fig. 1: Both, experimental and simulated event distributions over Z-
coordinate of reconstructed decay verteres



2.2 Kg— ntn 7Y

The K¢ — ntn~7° decay amplitude is dominated by two angular momen-
tum components (I = 0,1 where [ is the angular momentum of the neutral
pion with respect to the system of the charged pions). The CP conserving
transition to the [ = 1 state can be measured through its interference with
the dominant K; — ntn 7% decay. Neglecting CP violation, the decay am-
plitude into 3 pions can be parametrized in terms of the Dalitz variables X
and Y, where X is a measure of the difference of the energies of the two
charged pions in the kaon’s rest frame while Y is a measure of the energy of
the neutral pion in the same frame. In NA48 Kg and K, are produced in
equal amounts at the target, and the interference of the [ = 1 component of
the Kg decays with the [ = 0 components of the dominant K decays can be
described by the complex parameter A in the distribution:

2D(Re(\)cos(Amt) — Im(A)sin(Amit))et/21/ms+1/mw)

e~ t/TL

V(t) » :
where Am is the mass difference between Kg and K, 7¢ and 7 are the
respective lifetimes , and D is the dilution. From 19 million 7*7~ 7% decays,
an analysis of the 37 Dalitz plot has been performed to measure the contri-
bution of CP-conserving K decays to the total K — 77 70 rate. The
result on the parameter )\ of the CP conserving K¢ — w77 7 amplitude is:

Re()\) = +0.038 = 0008441 % 0.006,4,

Im(\) = —0.013 % 0.005,¢4 == 0.004 ;.
From the real part of A, the branching ratio for the Kg can be obtained:

BR(Ks — ntn 7°) = (4.7 T22(stat) *11(syst))107".

The result agrees with yPT and with two other measurements with com-
parable uncertainties. Fig. 2 shows the distribution V' (¢) derived from the
data, and the curve obtained using the fitted values of Re()\) and Im()); a
clear contribution from Ky is visible (the fit was performed in bins of energy,
and not by fitting this histogram directly).

2.3 =% and =0 semileptonic decays

The study of hadron beta decays gives important information on the interplay
between the weak interaction and hadron structure determined by the strong
interaction. In this context the Z° beta decays allow testing both of SU(3)
symmetry, via its strong analogy with the well-known neutron beta decay,
and of the quark mixing model, via extraction of V,; (the sine of the Cabibbo
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Fig. 8: Distribution of selected events with electron over pr® invariant mass.

angle). NA48 collected a sample of 6316 = — X Te 1, events (with the 3*
decaying into pr’) with energy between 70 and 220 GeV and decay vertex
between 5 m and 50 m from the final collimator (see Fig. 3).

The background is about 2%. A value for the branching ratio has been
extracted:

BR(E® = STe 7,) = (2.51 4 0.03,441 & 0.094y5,)10 %,

where the systematic error is dominated by the trigger efficiency determina-
tion, the geometrical acceptance and the form factors. Including the depen-
dence of form factors from the transfer momentum and radiative corrections,
the following value for V,; can be extracted from the branching ratio mea-
surement:

Vs = 0.208 £ 0.006 13950 g,/ ;.

The systematic error is largely dominated by the error on the ratio of the
form factors g,/ f; taken from PDG; the contribution to V,, error coming
from the uncertainty on the branching ratio measurement is now comparable
with the contribution coming from the uncertainty on the Z° lifetime.

In the same data and fiducial volume, a sample of 515 Z0 — S+ety, were
also collected with a larger rate of background (see Fig. 4), from which a
well consistent value for the branching ratio has been extracted:

BR(Z0 — S etr,) = (2.57 4 0.12(stat) 1980 (syst)) - 107
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Similar criteria were applied to select =0 — Xy v, decays, except for
the requirement applied on the muon detector. A sample of 102 events was
selected, with a background of 32 £ 3.0 (see Fig. 5), from which the mea-
surement of the branching ratio was extracted:

BR(Z® = Stu ) = (2.2 4 0.350¢ £ 0.245)107°.

This is the largest sample collected so far of muonic decays. The measured
branching ratio is to be compared with the published value from KTeV of:
BR(Z® - Ytup,) = (4.7 (stat) + 0.8(syst))107S.
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Fig. 5: Distribution of selected events with negative muon over pr® invariant
mass.

In this fiducial volume a large number of Z° — A7® and 20 — A7® were
recorded: N(E%) = (2.422 £ 0.003,4; & 0.018,,,) - 10°, N(E0) = (2.254 +
0.012444¢ = 0.017,5¢) - 108 and mainly used for normalization purposes of the
various branching ratio measurements. The ratio of their fluxes has been
measured as a function of the energy (see Fig. 6), while an integrated value
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3 Search for Direct CP Violation in the NA48/2
Experiment

A study of the direct CP-violation is an important issue in order to search
for physics beyond the Standard Model (SM). The direct CP-violation has
been indicated for the first time by the NA31 experiment [7] and then un-
doubtedly observed in the experiments KTEV [8] and NA48 [9] via precise
measurement of ¢'/e parameter in neutral kaon decays. A most promising
observable of the direct CP-violation in charged kaon decays would be a
charged asymmetry A, = (97— ¢7)/(g" + g) of the slopes g™ and g~ de-
scribing, respectively, the linear dependence of the K and K~ three pion
decay probabilities on the u kinematic variable of the Dalitz plots. The u
variable is related to the energy (E?,,;) of the odd pion (the pion having the
distinguished sign) in the kaon center of mass system.

The experiment NA48/2 is designed to measure the asymmetry param-
eters A5 and AJ in both three pion decay modes K* — nfm~7* and
K* — 7% respectively, at the precision level of ~ 2 - 107, which is
limited by statistics rather than systematics. An observation of the asym-
metries at this level would be considered as an indication of a new physics
evidence [10], [11].

3.1 Measurement of A;

A preliminary result of the A7 measurement using more than 1.6 billion
of K* — ntn~n® decays accumulated in 2003 has been reported at CERN
seminar and various conferences in 2005 [12]. This measurement is based on
a comparison the u-distributions of K+ and K~ decays. The correspond-
ing ratio of the u spectra Ng+(u)/Ng-(u) is proportional to (1 + Agu), and
A% = Ag/2g is obtained with a linear fit of this ratio. In order to equalize ac-
ceptances for K™ and K~ decays the magnet polarities of both the beam line
(achromats, focusing quadrupoles, muon sweeping, etc.) and spectrometer
dipole were reversed during data taking respectively on a weekly basis and
every day. Thus, a week cycle represents a super-sample which is treated in
the analysis as an independent data unit. Four such super-samples (SS0-3)
have been collected in the period of 2003.

Each super-sample contains four K — 77~ 7% and four K~ — nrn 7~
samples with different combination of achromat and spectrometer magnet
polarities. The ratio R(u) is obtained as a product of four Ng+(u)/Ng-(u)
ratios:

R(u) = RysRy;RpsBRps ~ R(1 + 4Agu), (2)

where the index U represents a configuration in which Kt beam runs through
the upper beam path in the achromats, and the index D represents the
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configuration in which K beam runs through the lower path. The index S
represents the spectrometer magnet polarity corresponding to decay products
having the same charge as the corresponding beam deflected to the right
(toward the Saleve mountain), and the index J represents the magnet polarity
corresponding to the decay products deflected to the left (toward the Jura
mountain). A linear fit to Eq. 2 results in two parameters, normalization R
and Ag directly related to Aj. This method allows a three-fold cancellation
of systematic biases:

e beam line local biases cancel between Kt and K~ samples in which
the beam follows the same path;

e local detector biases cancel between K+ and K~ samples deflected
toward the same parts of the detector;

e as a consequence of simultaneous beams, global time-variable biases
cancel between K+ and K~ samples.

Further reduction of systematic biases especially due to the presence of stray
permanent magnetic fields (the Earth’s field, vacuum tank magnetization,
etc.) is obtained by keeping azimuthal symmetry in the acceptance. Using
this method the result remains sensitive only to time variation of asymme-
tries in experimental conditions which have a characteristic time smaller than
corresponding field-alternation period. Moreover, the measurement does not
need a Monte Carlo simulation of the acceptance. Nevertheless, a detailed
GEANT-based Monte Carlo simulation has been developed as a tool for sys-
tematic studies. This Monte Carlo simulation includes full geometry and ma-
terial description, simulation of time variable local drift chamber inefficiencies
and time variation of the beam geometry and drift chamber alignment.

Invariant mass spectra of the reconstructed K™ — 7#tn*7~ and K~ —
ntn~n~ (figs.7 (a) and (b)), which are the dominant three track decays,
indicate a negligible background level. The invariant mass resolution is
1.7 MeV/c?. The tails of the invariant mass distribution are dominated
by events in which one of the three pion decayed and the spectrometer re-
constructed the track of the resulting muon. The corresponding systematic
uncertainty limit for Ag was obtained by Monte Carlo simulation.

A fine calibration of the spectrometer magnetic field has been done by
adjusting the global momentum scale for each day sample separately equal-
izing the corresponding average value of reconstructed K™ and K~ masses
to the PDG value. Small time variation of the drift chambers (DCH) align-
ment (~ 4pm/day) was detected in 2003, and corresponding time-dependent
corrections have been introduced with relative precision of about 107°.

To reduce the acceptance asymmetry for positive and negative kaon de-
cays caused by the different relative beam positions and to minimize any time

11
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Fig. 7: Spectra of reconstructed K+ and K~ masses. Green areas correspond
to events with a muon identified by muon veto system.

variation of such differences, the selection criteria include radial cuts around
the measured beam positions. These positions are defined by the centers of
gravity (COG) for positive and negative kaon decay products separately and
were evaluated in short time periods. In addition to the time variation of the
beam position, also the dependence of the beam position on the kaon mo-
mentum (~ £1mm in horizontal and ~ +10mm in vertical directions) are
taken into account. In this way the Kt and K~ acceptances cancel entirely,
and no Monte Carlo calculations are needed to correct for their difference.

The trigger has been considered as a potential source of systematic bias
as well. Inefficiencies of different trigger components are studied and mea-
sured using control samples of low bias trigger collected along with the main
triggers. the corresponding measured uncertainty is fully dominated by the
statistics of the control samples.

No essential systematics have been found which require the corrections.
The following limits on the systematic uncertainties on Ag (in units 10™*)
were obtained, part of those having statistical nature:

e acceptance and beam geometry < (.5;
e spectrometer alignment < 0.1;

e magnetic field < 0.1;

e pion decay < 0.4;

e calculation of v and fitting < 0.5;

e pile-up < 0.3.

12



In total an upper limit of 0.9-10* is considered as the systematic uncertainty.
In addition the same level of trigger uncertainty has been estimated for two
levels of trigger.

The obtained preliminary result is based on three independent analyses,
which agree within uncorrelated uncertainties. The result is calculated sep-
arately for each of the four super-samples and then combined taking into
account the correlated systematic uncertainties. All four measurements are
compatible with each other with x?/ndf = 3.2/3 (fig. 8 (a)). As a system-
atic check, the quadruple ratio (Eq. 2) rearranged so that instead of four
K* /K~ ratios, four ratios of samples in which even pions deflected to the
left in the spectrometer magnet, are presented in fig. 8 (b). In this case,
the physical quantity Ag cancels, and the result is expected to be equal to
zero in the absence of any residual left-right detector asymmetries. Simi-
larly, the asymmetry of the two beam parts are presented in fig. 8 (¢). The
corresponding asymmetries, which cancel at first order, show that the cancel-
lation of systematic biases due to residual time variable imperfections in the
apparatus is at the level of few 10~ and therefore second order effects are
negligible. Moreover, the comparison with Monte Carlo simulations shows a
good agreement.
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Fig. 8: Asymmetries in super-samples: (a) — the result Ag, (b) — right-left
asymmetry, (c) — achromat up-down asymmetry. Blank dots correspond to
MC simulation.

The obtained preliminary result from all four super-samples is

Ag = (—0.2 & 1.050¢ £ 0.9tar(trig) £ 0.95yst) - 1074,
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which could be converted to the asymmetry using the PDG value of the slope:
A8 = (0.5 £ 2430 £ 2. Lgpas(irig) £ 2.15y) - 107" = (0.5 3.8) - 107,

This result is compatible with no CP violation and with SM predictions
[11], [13], [14], [15], but has more than an order of magnitude better precision
than similar previous measurements [16], [17]. Further improvements are
expected in future.

3.2 First result of the Ag measurement

K* — 75710970 decays are selected by a first-level trigger requiring a sig-
nal in a scintillator hodoscope of a charged track in coincidence with energy
deposit in the LKr calorimeter consistent with at least two photons, and ex-
cluding K* — 770 decays implementing a proper limit on corresponding
invariant mass rough calculation by a second level trigger. To reconstruct
these decays both Lkr calorimeter and magnetic spectrometer were used.
The calorimeter allows to identify two neutral pions by proper pairing of
four reconstructed gammas requiring that both of two gamma pairs have the
closest vertexes calculated under assumption of 7 — v decays. The corre-
sponding spectrum of product invariant mass selected under proper geometry
and kinematic restrictions shows clear signals of kaon with a negligible back-
ground level, less than 1 % (fig.9(a) and (b)). This background is mainly
due to the wrong photon pairing (~ 0.25%) and 7+ — u* decays. In total,
31-10% K+ decays and 17-10% K~ decays were selected for the asymmetry
measurement.

For calculation of u only information from the LKr was used: u = (Mg, —
M2 /3)/m2, —1/3—2-(m2,/m2.)/3, where My is the invariant mass of two
79’s. To measure the asymmetry parameter Ag similar technique has been
implemented as for the measurement of AJ. Only one charged track (instead
of three) selection has been corrected to balance acceptance symmetry. For
each super-sample the quadruple ratio like in ”charged” mode was evaluated.
The fit function, however, is different due to the non negligible value of
go = 0.638:

R(u) =N - (1+ Ago-u/(1+ go-u)).

This nonlinear fit is more sensitive to the events with small u, where is a
good resolution due to the chosen way of u-calculation. The fits for each
of three data-sets, shown on fig.10, have good x2. The value of Agy for
each super-sample is plotted on fig.11a with the statistical error only, for
experiments data and simulated ones (MC). On fig.11(b) and (c) left-right
and up-down asymmetries of the apparatus are shown, which are canceled
in the quadruple ratio. The result shows good stability in kaon momentum
bins (fig.12(a)), in Z-coordinate of the reconstructed vertexes (fig.12(b)), in
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Fig. 10: Quality of the fit of the quaduple ratio for super-sample SSO (a),
5512 combined (b) and SS3 (c)

|v|-variable (Dalitz plot parameter complementary to u) (fig.12(c)) and in
time (fig.12(d)). The weighted average of Agg for three super-samples gives
the value Agy = (2.2 42.2,44;) - 10, The main systematic sources and their
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uncertainty estimations (in units 10™*) are the following:
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e acceptance and beam geometry < 1.1;
e alignment < 0.1;

e momentum scale < 0.1;

e 1 calculation and fitting method < 0.4;
e accidentals < 1.0;

e trigger L1 < 1.5:

o trigger L2 < (0.4:

e Lkr nonlinearity corrections < 0.4.

The biggest part of the systematics error (1.5 -107*) comes from L1 trigger
inefficiency and has a purely statistical nature due to the limited statistics for
the control sample to measure this inefficiency. The L2 trigger was simulated
properly with large statistics. and the corresponding systematic uncertainty
of 0.4 - 10~* has been achieved. The two second biggest sources of system-
atics are acceptance and beam geometry effects (1.1 - 10™* ), and possible
accidentals (1.0 - 10™%), but there is still room for improvement.

In addition, the external 0.3 - 10~ systematics error comes from the un-
certainty of the parameter gy used in the fit function. Taking into account
all above mentioned uncertainties the preliminary result for asymmetry mea-
surement in the "neutral” mode is:

AV = (L7 £ 17550 £ 17,55 £ 0.24) - 107

This result do not indicate to a CP-violation at the precision level of 3-1074,
which is one order of magnitude better than other experiments [18], [19].
More precise result will be obtained using larger statistics accumulated in
2004.
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4 First Observation of a Cusp-like Structure
in the 7%7° Invariant Mass Distribution from
K* — 777" Decay and Determination of
the mm Scattering Lengths

The invariant mass of 7% subsystem (Myy) in K= — 757%7 decays
has been studied to search for possible anomaly at the threshold region:
My = 2 - mg=. Fig.13(a) shows the Myy distribution, without any accep-
tance correction, for ~ 23 - 10% events selected from SS1-3 similarly to the
ones for the asymmetry measurement (see section 3.2). Fig.13(b) shows the
same distribution in the region close to the threshold M?(7%7%) = 4m?2, =
0.0779(MeV/c?)%. The slope change at the threshold is clearly visible. Such
an anomaly has not been observed in previous experiments.
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Fig. 13: The M?(n°n°) distribution for the subsystem of the reconstructed
K* — 757%° decays: (a) — in the full kinematic region; (b) — in the region
around the threshold; the value corresponding to 4m2y is indicated by vertical
line.

The sudden change of slope observed in this plot suggests the presence
of a threshold ”cusp” effect from the decay K* — wtrt7~ contribut-
ing to the K* — 7%7%7% amplitude through the charge exchange reaction
ntr~ — 7070 The presence of a cusp at My, = (2 - my+)? in 770 elastic
scattering due to the effect of virtual #*7~ loops has been discussed first
by Meissner et al. [20]. A possibility to measure m — 7 scattering length in
tau-decays has been predicted even earlier by L. B. Okun [21]. For the case
of K*¥ — 7%71%7% decay Cabibbo [22] has proposed a simple re-scattering
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model describing the decay amplitude as the sum of two terms representing
"unperturbed amplitude” and contribution from the K* — 7¥7t7~ decay
amplitude through 77~ — 7%7° charge exchange. The latter contribution
is proportional to a,, the S-wave 7*7~ charge exchange scattering length.
In the limit of exact isospin symmetry a, = (ag — a3)/3, where aq and ay are
the w7 scattering lengths in the I=0 and I=2 states, respectively.

In this simple re-scattering model [22] there is only one additional pa-
rameter a;m,. A fit to the M2 distribution in the region 0.074 < Mg, <
0.097(GeV/c*)? using a,m™, as a free parameter gives x? = 420.1 for 148
degree of freedom. The quality of this fit is illustrated in Fig. 14(a) which
displays the difference between data and best fit normalized to the data value
(A) as a function of My,. Recently Cabibbo and Isidori [23] have proposed
a more complete model, that takes into account all re-scattering processes
in two-loop approximation. In the limit of exact isospin symmetry these five
S-wave scattering lengths can be expressed as linear combinations of ag and
as. An isospin breaking corrections have been applied to this model, which
are expressed as a function of one parameter ¢ = (m? — m§)/m2 = 0.065
[24]. The fit by this model (fig. 14(b)) allows to extract four parameters:
(ap — az)my, agm,, go (the slope), h™ (a quadratic term in the Dalitz plot
distribution over u variable) and one parameter for normalization. It leads
to x% = 154.8 for 146 degrees of freedom. The better fit shown in Fig.14(c)
(x? = 149.1/145d.f.) is obtained by adding to the model a term describing
the expected formation of a 777~ atom (“pionium”) decaying into 7%7° at
My = 2m,. The fit value for the rate of K= — & + pionium decays is
(1.6140.66)-107°, which is in agreement with the predicted value ~ 0.8-107°
[25].

The model used do not include radiative corrections, which are par-
ticularly important near My, = 2m,, and contribute to the formation of
the pionium. For this reason a group of seven consecutive bins centered
at My = 2m, have been excluded from the final fit shown in fig. 14(d)
(x2/d.f. = 145.5/139).

Table 1 lists the best fit values of the parameters, as obtained by two
independent analysis which use different event selection criteria and differ-
ent Monte Carlo simulations to take into account acceptance and resolution
effects.

Study of systematics shows that no corrections are needed. However,
the corresponding uncertainty were taken into account. For measured (aq —
as)m. parameter the major ones are the following:

e acceptance calculation £0.001;
o trigger efficiency +0.001;
e fit interval £0.0025;
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Fig. 14: Difference between data and best fits, normalized to the data value,
in different versions of the model.
e 7 — v minimum distance at the LKr +0.002;

e LKr resolution and nonlinearity corrections +0.001.

In total, the systematic uncertainty is +0.004. The corresponding un-
certainty for aom_ has been obtained as £0.014. Taking into account these
estimations the following results are obtained:

(ap — ag)my = 0.268 + 0.010(stat) £ 0.004(syst)

and
agmy = —0.041 £ 0.021(stat) + 0.014(syst).

A critical parameter of the models [22] and [23] is the ratio R=A,, /A,
between weak amplitudes of K* — 7¥7 7~ and K* — 757%7% decays. The
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Table 1:

Parameter Analysis A Analysis B Average value
(ag — ag)m, | 0.269 £ 0.010 0.268 4+ 0.010 0.268 + 0.010
oMM 4 —0.053 £ 0.018 | —0.030 £ 0.022 | —0.041 + 0.021
o 0.643 £+ 0.004 0.647 £ 0.004 0.645 £+ 0.004
ht —0.055 £ 0.010 | —0.039 £0.011 | —0.047 £0.012

corresponding ”external” uncertainty should be complemented by an addi-
tional theoretical error of +5% as the result of neglecting higher-order terms

and radiative corrections.

It has been shown that analyticity and chiral symmetry provide a con-

straint between ag and as [26], which implementing to the fit gives:

ag - my = 0.220 + 0.006(stat) £ 0.004(syst) £+ 0.003(R) 4+ 0.011(theor.)

and

(ag — az)my = 0.264 + 0.006(stat) £+ 0.004(syst) + 0.003(R) £ 0.013(theor.).

These values are in good agreement with the results on (ag — ag) - my

obtained in the E865 BNL [27] and Dirac [28] experiments.
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5 Rare Decays of Charged Kaons

The large statistics of charged kaon decays, collected by NA48/2 in the
run periods of 2003 and 2004 allow for a wide variety of rare kaon decays to
be studied. In most cases the statistics exceed those of previous experiments
by one or even several orders of magnitude.

One of the major goals of NA48/2 is the precise extraction of the 7w
scattering length a) using charged K4 decays. However, also several other
decays as K* — 7n%y, K*¥ — 7% + vy, K¥ — 7FlTl~ are of strong
theoretical interest.

For most of the rare kaon decay channels analyses are currently per-
formed. It is planned to have several preliminary results for the winter con-
ferences, using the data of super-samples SS1 — 3 accumulated in 2003.

5.1 K. and K, 4 Decays

The strong interest in K., decays K* — 7t7 e*v(v) is motivated by the
possibility to precisely measure the S-wave 7mm scattering lengths a9 and
ad by a fit to the observed decay topologies. These scattering lengths are
accurately predicted in the framework of Chiral Perturbation Theory, their
measurement, therefore is a crucial test of the validity of the theory.

The analysis of the K., decay on the super samples SS1-3 is far advanced.
Around 350000 events have been reconstructed with an almost negligible
background contribution of less than 0.5% (Fig. 15). From this sample alone,
the statistical precision on the determination of a is expected to be about
40.01, similar to the result extracted from the analysis on the cusp-effect
in K* — 77%°7% and more precise than all previous measurements. A
preliminary result is expected to be ready for the winter conferences 2006.

The final result will be based on the whole 2003 and 2004 data sample
with roughly one million reconstructed K,4 decays. Together with the K* —
77970 cusp-analysis it is expected that the most precise determination of
ad will be obtained.

The comparison of analysis results obtained from K+ and K~ decays,
recorded simulataneously but analyzed independently, will provide powerful
tests of various symmetries (CPT, T, CP) as mentionned almost 40 years
ago in [29]. The K, decay sample is the first one available in the world and
amounts to about 55% of the K, sample due to the beam composition.

In addition, K% (K* — 7%%*v(v)) and K, decays are investigated.
While the statistics in these channels does not reach the level of K, decays,
their investigation serves as an important cross-check for the main analysis.
For both K% and K4 decays about one hundred times more events have been
observed using SS1-3 super-samples, than in the best previous measurements.
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Fig. 15: Invariant mass of reconstructed Koq (K* — ntm e*v(v)) decays in
SS51-3. The background, determined from wrong-sign data events, is indicated
in dark.

5.2 K* = rfn%y Decays

The decay K* — 7*7%y is dominated by inner bremsstrahlung. However,
with enough statistics it is possible to access also the direct emission am-
plitude and the interference term between both. In particular the study
of interference term is of high interest, as it might show a rather large CP
violating asymmetry between K+ and K~ decays.

Previous experiments were only able to observe the direct emission am-
plitude. With the NA48/2 data sample, which for SS1-3 is already more
than 10 times larger than all previously collected statistics, an observation of
the interference term and investigation of possible CP violation in this decay
are expected.

The selected events are practically background-free (Fig. 16). Also for
this channel the data analysis is far advanced.

5.3 K* — nfyy Decays

Similar to the corresponding decay of the long-lived K; meson into 7%y,
which was measured previously by the NA48 collaboration, the decay K+ —
7%y~ obtains an importance from the insight into Chiral Perturbation The-
ory. In both these decays the O(p?) contributions are zero and O(p?) can
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Fig. 16: Invariant mass of reconstructed K* — n*7%y events in SS1-3.

be calculated, in the case of the charged decay depending of only one free
parameter. Therefore, by measuring the decay K* — 7%~y the amount of
O(p®) contributions can be determined.

During the data-taking, a tight trigger requirement on the invariant vy
mass was set in order to efficiently suppress K* — 7*7% decays. Neverthe-
less almost 2000 K* — 7%y~ events in SS1-3 have been found and recon-
structed, which are almost a factor of 100 more than in previous experiments.
Currently the form factor measurement is underway.

To access also the region of low <7 invariant mass, K= — 7tyete~
decays are started to investigate, where one of the photons undergoes an
internal conversion. This decay, which has so far not yet been observed, is
not trigger-suppressed, however its statistics will be much smaller compared
to our K* — 7~y sample.

5.4 K* — 7%lT]~ Decays

The decays K* — n%ete” and K* — 7%yt~ are flavour changing neutral
currents, which proceed via penguin diagrams. In the 2003 data set, several
thousand very clean events for both decays (Fig. 17) are seen. At the moment,
form factor measurements are performed.
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Fig. 17: Invariant mass of reconstructed K* — wrete™ (left) and K+ —
atutu~ (right) events.

6 Leptonic and Semileptonic Decays

New measurements of charged kaon semileptonic decays have been done
using the data accumulated in 2003: K* — 7%u*v (K,3) and K* — 7le*v
(Ke3). Most previous measurements are quite old and based on relatively
small data samples. New precise measurements of semileptonic decays are
based on larger data samples, and the latest theoretical input — crucial to
issues, like radiative corrections.

The main goals of this study are to extract: (1) the individual decay
widths because they will allow one to determine the V,, parameter in the
Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix. A better value
of V,, is needed in order to test the unitary condition of the CKM matrix
using its first row; (2) the decay width ratio I'(K,3) /T'(K.3) which is a unique
function of the slope parameters of the form factors. This ratio provides a
consistency check between the measurements made from the form factors
and the partial decay widths. This check is important at the moment as
large differences in the slope parameters are observed between neutral and
charged kaons. In addition, it will allow one to make further test of lepton
universality.

The ratios were measured:

['(K* — 1l%*v) _ D(K* = n%*v)
RK63/K271' = F(Ki — 7TO7T:|:) ) RKU3/K27T - F(Ki N 7TO7T:|:) ) (3)

and P 00)
— muty
RKu3/Ke3 = F(Ki N 7]_06:,:’/) - (4)
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as they should be insensitive to experimental systematic errors. In both
the numerator and denominator, there are a charged track and at least two
gamma’s that are consistent with a 7%, thus leading to a partial cancellation
in the acceptance uncertainties. Contributions from internal bremsstrahlung
are included for all three decay modes. The reconstruction methods are the
same in all cases, and the main differences are due to particle identification
and acceptances.

It is obtained that

Rices/ar = 0.2505 =+ 0.0009 (stat) + 0.0012 (sys)

and
Ry kor = 0.1646 £ 0.0006 (stat) £ 0.0011 (sys).

Both values imply higher branching fractions for the corresponding semilep-
tonic decays than the current world average given by the PDG. As a con-
sequence, the V,; value extracted from these measurements will increase ac-
cordingly. In addition, more precise value is obtained for

Rius/kes = 0.657 2 0.003 (stat) & 0.003 (sys),

which is the most precise measurement and still not contradicts the theoret-
ical prediction.

0.7
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0.68 ®
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el THEORY K+—

PDG KEK E246 $
2000 2001 2005
| | |

0.66

(Ku3)/I (Ked)
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Fig. 18: Rius/kes results compared to the predictions assuming lepton uni-
versality.

New result on a ratio of leptonic branching ratios I'(K,2)/I'(K,2) was
obtained on the base of ~ 4000K* — e*v and ~ 3.9-10° K* — u*v decays
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reconstructed from 2003 data, and one using a second data sample of similar
size taken in 2004. These results, shown at the summer conferences are:

['(Ke2)/T'(K2) = 2.416 £ 0.043(stat) £ 0.024(syst)
from the 2003 data analysis, and
['(Ke2)/T'(K2) = 2.453 + 0.046(stat) £ 0.026(syst)

obtained using the 2004 data.

Therefore, the accuracy of this ratio measurement is improved with re-
spect to the PDG value, 2.45 + 0.11. The standard model predicts 2.472 +
0.001. The purpose of this measurement is to provide further test of lepton
universality.

In addition, about 6 millions of K.3 events were recorded in 2004 to

perform a precision measurement of the form factor and its corresponding
radiative decay.
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7 Plans on Data Processing

After the completion of reprocessing for both 2003 and 2004 data, a major
effort was invested in 2005 by the collaboration in assessing the data quality
and providing fine tuning of all detectors, including the beam settings.

High statistics Monte-Carlo simulations were run for the charged and
neutral 3-pion analyses, shared between CERN and collaborating Institutes.
All resulting files have been transferred to CERN and archived on CASTOR.

Continuous centralization of NA48 disk-storage resources, done in close
interaction and help of IT, led to optimization for the needs of the ongoing
analyses.

Even if we do not have any indication of such a need at the moment, we
would like to keep the potential for another reprocessing of 2003 and 2004
data, in case of unexpected effects showing up during analysis. This would
require an extra 30TB storage space on CASTOR. The final Monte-Carlo
simulations will also require 5TB of CASTOR space.

Thanks to IT support, we have been able to setup a Virtual Organization
for NA48 on the GRID (called NA48VO). It will be used primarily for data
transfer between CERN and collaborating Institutes, exporting some data
subsets and importing Monte-Carlo simulations produced in homelabs.

All these tasks require relevant resources to be allocated at CERN/IT
and in the collaborating Institutions.

8 Summary

The experiments NA48/1 and NA48/2 have been prepared and carried
out in 2002 — 2004. The accumulated record statistics provide possibility to
high precision study of K, hyperons and charged kaons at a sensitivity not
reachable in other experiments. This would allow to get new information
on CP-violating processes, precise measurement of yPT theory parameters,
check some parameters of the C KM quark mixing matrix, and search for
new physics.

The data accumulated in 2004 run of NA48/2 experiment has been just
reprocessed and corresponding analysis has started. New results are expected
in 2006.
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