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Throughout all periods of data taking, the main goal of thed&xperiment has been the search
for CP violation (CPV) in kaon decays. The observatle links the parameters of indirect and
direct CPV (.. = £+ ¢’) and is defined as the CP violating amplitude ratio of the rakgon
decaying into two charged piong; — = A(K_ — " 1m ) /A(Ks— 1" 11). NA48 has determined
|n+—| via the measurement of the ratio of decay rdtés, — m" ) /(K. — mev), denoted
aslk2n/Tkes, Using a puré beam in 1999. From a sample of 470Q8); and five millionKes
decays, we obtained results f0¢25/kes, BR(KL — mt ) and|n,—_|.

Complementary witlg’ /e, the observable for direct CPV in the charged kaons sectbeiasym-
metryAq = (g™ —g7)/(g" +g") of the linear slope parametgrin the Dalitz plot ofK* — 37
decays. The NA48/2 experiment used simultanedtigk ~ beams, and from the data samples
taken in 2003 and 2004,-310°K* — et i and 9x 10'K* — i were selected. The
charge asymmetry parame#gy was determined with a total uncertaintyof2 x 104 for each
mode, ten times more accurate than previous measurements.
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1. Experimental setup

The NA48 experiment at the CERN SPS was originally desigoedhie precision measure-
ment of direct CPV in neutral kaon decays using simultané@uendK, beams. The data for the
measurement df.. | were taken during a dedicated run in 1999 with a pGrdeam, which was
derived from the extracted 450 GeV proton beam hitting albeny target. After passing the final
collimator 126 m downstream of the target, the neutral bestered the 90 m long evacuated decay
volume, which was followed by the NA48 main detector.

The successor experiment NA48/2 used two simultanéousand K~ beams, which were
produced at the same target. An achromatic system of footadipagnets with zero total deflection
selected momenta with (603) GeVk in a charge-symmetric way. Both beams followed the same
path in the decay volume, their axes coinciding witkih mm.

One of the main components of the NA48 detector is the eleagmetic calorimeter based on
liquid krypton with tower readout. The calorimeter is 27iedin lengths long and fully contains
electromagnetic showers with energies up to 100 GeV. Theygmesolution for photons at 20 GeV
is ~ 1%, and the spatial resolution is1 mm. A magnetic spectrometer, consisting of four drift
chambers and a central dipole magnet is used to measure thenteoof charged particles. The
spatial resolution per projection is 1@, and the vertex can be reconstructed with a transversal
resolution of~ 2 mm. A detailed description of the detector can be foundjn [1

2. CPviolation parameter |n_|

The basic measurement of this analysis is the Rt k2 /M kes. After defining a sample
of good 2-track events, we separated the two decay chanfelobtain a clean signal of the
CP violating decay, — ", we had to suppress the mafp decay modes by several orders
of magnitude, unavoidably rejecting also part of therr decays. Inefficiencies of the event
selection and signal losses, which were not exactly remedidby the MC simulation, had to be
measured precisely and corrected for. With the rBtig,/Ikes thus obtained, we determined the
branching ratio of the decd§y — "

BRI — ') = (K. — mev)

-BR(K_ — 11V)
and the CP violation parametgy. _|

" ’_\/F(KL—NTFH—) \/BR(KL—>T1+TF) Tks
+_:

BR(K5—> Tl'*'Tl_) TKL '

2.1 Event sdlection

From the sample of good 2-track events, additional cuts wgpéed to extract th&, — "
signal, where the two semileptorg decaysKes andK3, are the dominant background sources.
47142 Ky, candidates were selected with an estimated backgroundlpfOds6. The left plot
in Fig. 1 shows the distribution of the invariamt" 71~ massmy;; after all selection requirements
except the cut omy; itself. The data are well described by the sum ofkthg signal MC and the
two background MCs.
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Figure 1. Left: Distribution of the invarianttt 71~ mass. Right: The ratio of calorimetric
energyE over the momenturp for the tracks of all selecteldes events.

Being the only relevari, decay channel with an electron in the final st#g, events can be
selected by applying only &8/ p criterion, whereE is the energy deposited in the electromagnetic
calorimeter, angis the track momentum measured in the magnetic spectrantieefp for any of
the tracks exceeded 0.93, the track was tagged as being dnelkectron, thus classifying the event
as aKes decay. Nearly five milliorKes candidates remained with an equally small background of
~ 0.5%. The quantitye/p is shown in Fig. 1 (right plot).

Various studies have been performed to determine the sgiteomcertainties and the event
number corrections due to inefficiencies of the trigger dreddvent selection. The largest contri-
butions to the systematic error come from the imperfect kadge of the kaon energy spectrum
and the cut against muons, which is necessary to suppreksitfteecay channel.

2.2 Results
After applying all corrections, the final result is

— (4.835+ 0.02244. +0.01 103 = (4.835+0.027) x 103,
M (K. — riev) (4.835+0.0224. +0.016yg ) x 10 ° = (4.835:+0.027) x 10

For the determination dBR(K_ — ") and |n._|, one must subtract the contribution of the
CP conserving direct emission procé§s— 111 y(DE), leading to a correction 0f£0.2 %. We
obtained for thé,; branching ratio

BR(K_ — 1" 7m) = (1.941+£0.019) x 103,

including the CP violating inner bremsstrahlung compor@nt— " 71 y(I1B). Using our result
for BR(K. — " 11 ), we determined the CP violation parameter

| = BRKL—mrm) ks
T =\ BRKs= T 10) Twe

= (2.223+£0.012) x 10°3.

All results are in good agreement with recent measuremegnisTieV [3] and KLOE [4], and
the three experiments jointly contradict the former PDQugal[5]. A detailed description of the
analysis is given in [6].
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3. Charge asymmetry in K* — 3 decays

Due to their high branching fractions at the level of a fewcpat and a simple event selection
with low backgroundK* — 3T decays are well suited to search for direct CPV in chargee kao
decays. For that, the NA48/2 experiment used simultan&u& ~ beams and compared the
Dalitz plot shapes betwedf™ andK ~ decays into &.

TheK* — 3rrmatrix element squared is conventionally parametrized as

IM(u,v)|? 014 gu+hu? + kv?

whereg, h, k are the linear and quadratic Dalitz plot slope parametérsk| < |g|), and the two
Lorentz invariant variables andv are defined as

uz%ngo, v:% with 5= (P« —Pr)%i=1,23B3=0ddm); s5=1/3(+S+%).

The observable in this measurement is the slope asymmgtsy (9" —g7)/(gt +97) =
Ag/(29), whereAg is the slope difference, argis the average linear slope. Any value/yf# 0 is
a manifestation of direct CP violation. The SM predictions affected by large uncertainties and
range between 1§ and 10°° [7]. However, theoretical calculations involving procesdeyond
the SM [8] do not exclude enhancements of the asymmf&gjnyp to a few 104. Mainly limited
by systematic effects, previous experiments set uppetsliatiAg at the level of a few 16%. The
goal of the NA48/2 experiment was to measAgewith a precision at least one order of magnitude
better, both for charged( — " " 1) and neutral K* — * °1®) mode, being in the reach
to test models involving new physics.

To measure such a small asymmetry, perfect charge symatairian the experimental setup
was mandatory. This was achieved by employing for the fins¢ tsimultaneous superimposid
andK~ beams with similar momentum spectra. In addition, the jtgarof all magnets in beam
transport (achromat) and the spectrometer had been rdvegelarly to equalize local effects on
the acceptance.

It is sufficient to take theu-projection of the Dalitz plot to extract the slope diffecer\g,
comparing the reconstructedspectra oK+ andK ™~ decays:

N+ (u) Agu
R(u) = N—(u) ~At 1+gu+hu?”

However, mainly due to the presence of magnetic fields, therexperimental asymmetries which
do not cancel in the simple ratio. As a logical expansion efgblarity reversal during data taking,
four u-ratios with the four possible combinations of magneticdfipblarities were defined, the
product of theses-ratios forming the quadruple ratigs(u). Finally, Ag was extracted by fitting

4
the quadruple ratio with a functiof(u) = n- <1+ % (see Fig. 2). This method leads to a

cancellation of global time instabilities, local beamliniases and left-right detector asymmetries.
Furthermore, it is independent of tKe'/K ™~ flux ratio, and the analysis does not rely on a detailed
Monte-Carlo simulation.

A large number of systematic checks have been performedtreglata were divided in bins
of data taking periods to test the time stability of the resahd the components of the quadru-
ple ratio were rearranged in control quantities to searcl2ifa order effects of possible detector
asymmetries. No significant effects were found.
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Figure 2: The quadruple ratio in bins af for charged (left) and neutral (right) mode, with
the results of the fit to extraxtg. The normalizatiom is sensitive to th& /K~ flux ratio,
while Ag is not.

With 3.11x 10°K* — et m and 913x 10’K* — i i°m® decays selected, the results for
the charge asymmetries are:

Charged mode: |Ag = (—1.5+ 1.5¢g +0.9ig +1.1gg ) x 104 = (=1.5+£2.1) x 10°*

Neutral mode: [Ag= (1841744 +0.9gg ) x 104 = (1.8+£1.9) x 104

As proposed, the results are ten times more precise tharravipps measurement; in both modes,
the statistical errors dominate. The results are comgawith the SM predictions, i.e. no evidence
for direct CP violation of the order 16 has been found.
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