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A first measurements of the BR(Kg — 7°eTe™) and BR(Ks — n°uT117) has been performed
in NA48/1. During 89 days of the 2002 run with high intensity Ks beam 7 events of Kg —

mete™ and 6 of Kg — 7%u" ;1™ have been collected leading to the following branching fraction
results:
BR(Ks — n%Te™) = [3.0513(stat) + 0.2(syst)] - 107° for mee > 165MeV

BR(Ks — n°utp™) = [2.8715(stat) & 0.2(syst)] - 107°
New measurements of Z° — Ay decay asymmetry and BR were also performed using 1999

data. The branching fraction of the decay has been measured to be Br(Z° — Ay) = (1.16 &

0.05(stat) £ 0.06(syst)) - 1073, and the first evidence of a negative decay asymmetry o (2% —

Ary) = —0.78 £ 0.18(stat) £ 0.06(syst) has been shown.

1 Introduction

After the successful study of direct CP violation in K° decays the NA48 collaboration has started
a new research program on Kg rare decays and neutral hyperons physics called NA48/1. The
main goal of this new fase of data taking was to measure the BR of Kg into 771~ decays. This
new investigation has begun with a 2 days test run during 1999 in witch trigger and beam for
2002 were set-up. Using this data we have also measured the BR and the decay asymmetry of
the radiative decay Z° — Avy

The experimental setup used is the same of that for ¢/ /e ! except for the fact that NA48/1
has no K beam and higher Kg intensity. In this paper were shortly describe some of the major
results obtained by the experiment, up to now, in this new configuration during 1999 and 2002
runs.

1.1 Interest of Kg — w0t~

The importance of the BR Kg — 71~ is due to his relation with the indirect CP violating
component of K; — 7%T1~. The branching ratio of that decay contains three contributions: a
CP conserving part that can be constrained by K7 — m%vv, an indirect CP violating part that
can be evaluated from BR(Kg — 7%*17), and a direct CP violating part. The last one gives
the possibility to measure directly the CMK matrix element 7 if the corresponding Kg decay
BR is known. The following formulas show that the two decay are linked by the parameter ag 2.

BR(Kgs — 1¢Te™) =5.2-107 - d% (1)

I I 2
BR(K;, — m%*e™) = |15.3a% £ 6.8as ;’(L)(Aj) + 2.8( 73&“) ] -107° (2)
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Figure 1: Distribution of me. after all cuts. Su- Figure 2: Scatter plot of Mmeeyy versus mee for
perimposed we show the Monte Carlo predictions events passing all the cuts. The region 30 and 6o

from all important sources. are shown.

As you can see in Eq. 2 the BR depends only on two parameters: ag and I'm(\;). According
to Eq. 1 ag can be evaluated from the Kg decay and once this is known a measurement of the K7,
BR would give a direct information on Im()\;). Before NA48/1 none of the BR of Kg — 7~
has never been measured.

2 Kg to mlete” mutp~ rare decays

Due to the very small value of the branching fraction of both decays (order of 1072} a blind
analysis strategy has been chosen. A signal region and a control region were defined and kept
masked until the final set of cuts was chosen. The cuts were tuned, using Monte Carlo simulation,
in order to maximize the ratio signal/background.

2.1 Kg— nlete

The signal reconstruction for this decay is based on the identification of 4 clusters in the calo-
rimeter two of which associated to a track in the spectrometer. To identify the spectrometer’s
track as electron or positron an E/p between 0.95 and 1.05 is required. The signal and control
region are defined as follow:

e Signal region: My — Mpo| < 2.5 00, & |Meeyy — Mi| < 2.5 0.,
e Control region: 3-0y,, < |Myy—Mpo| <604, & 3-0me, < |Meeyy — Mg| < 6-0m,...,

There are many sources of background that may affect this measurements. They can derive
from K decays, hyperon decays, or from overlapping fragment of two different decays. Montecarlo
simulation indicate that the main contribution is given by Kg — 7%7° when one or more photons
from the 7% decay convert (either internally or externally). To reject this type of background
a severe cut on me. has been applied me. >165 MeV/c?. As shown in Fig.1 this cut is very
effective against this type of background source. At the end of the Montecarlo analysis only
three contribution to the background were found to be not negligible:

o K15 — ete vy 0.087003 events

e Kg— 7'('%7‘('%2 < 0.01 events



e Accidental backgrounds: 0.07150% events

At the end of this procedure the signal region was disclosed and 7 events were found as shown
in Fig.2. To obtain the acceptance for me. >165 MeV/c? a theoretical prediction for the decay
amplitude was taken from Chiral Perturbation Theory 2. The branching ratio for me. >165
MeV/c? was computed to be:

BR(Kg — nete™ mee >165 MeV/c?)=[3.0115(stat) + 0.2(syst)] - 1077
To extract the branching ratio in the whole m.. region the previous result was extrapolated
using a vector matrix element with no form factor dependence.

BR(Kg — nete)=[5.8"28(stat) + 0.8(syst)] - 1077

The result is in good agreement with theoretical predictior?.

2.2 Kg— mutu

The event selection for this decay is very similar to the previous one. In this case the muon is
identified matching the spectrometer tracks with muon veto hits. The control and signal region
were defined as before only replacing electrons with muon in the invariant mass reconstruction.
Many background sources were studied and the following contributions were estimated to be
non negligible:

o Kig— puhpu~yy: 0.041003 events
o Kg — 7 70 with both 7% decaying in flight: < 0.018 events

e Accidental backgrounds: 0.18751% events

After the signal region was disclosed 6 signal events were found and the branching ratio was
calculated to be:
BR(Kg — n°ut ™) = [2.9715 4+ 0.2(syst)] - 1077 (3)

2.8 ag value comparison

According to Eq. 4 and 5 a value of ag can be extracted from both decays and the results
compared. Using yPT prediction for the branching ratios of Kg — w01+~

BR(Kg — n’e¢Te™) = 5.2-107%% 4)
BR(Ks — mutp™) =1.2-10" %% (5)
Using the measured BR and the relation below we can extract the following ag value:
|las|(xoete—) = 1.0610-2% (stat) + 0.07(syst) (6)
|08 (0, u—) = 1.5470 59 (stat) £ 0.06(syst) (7)

The two value are in reasonable agreement within experimental errors.

3 Hyperon physics NA48/1

The study of radiative hyperon decay, in particular Z° — Ay and =% — 3+, gives important
information about the SU(3) symmetry breaking. After the unexpected discovery of a large
decay asymmetry in the decay ©T — py models were developed which tried to obtain large
decay asymmetries in spite of weak SU(3) breaking. One category, pole models, satisfy the
Hara! theorem, and use an approach based on chiral perturbation theory (YPT). They predict
negative decay asymmetries for all weak radiative hyperon decays. Vector meson dominance
models and calculations based on the quark model on the other hand violate the Hara theorem.
This second group of models favours a positive decay asymmetry only for the channel 20 — A-~.
Before NA48/1 the value of a(Z° — Av) had never been measured.
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Figure 3: Distribution of the invariant =° mass for Figure 4: Ratio of background-corrected signal

2% — A~y decays. The signal region is indicated candidates over isotropic Monte Carlo simulation.

by the vertical arrows. The line shows the result of the fit.

3.1 The Z° — Ay decay asymmetry and BR

During the two days of 1999 test run for Kg beam and trigger setup a considerable number of
hyperons decay were collected. At the end of the selection cuts in the signal region, defined
by a mass cut on the nominal Z° mass +7.8 MeV, 730 Z° — Ay candidate were found with
an estimated background of ~58 events. The invariant mass distribution is shown in Fig.3. To
extract the decay asymmetry a(A~y), one measures the distribution, in the Z° rest frame, of the
angle © between the incoming Z° and the outgoing proton deriving from A decay.

dN
dcosOp

To extract the asymmetry we consider the ratio between data and Monte Carlo generated with
no asymmetry at all. This ratio would be flat in cos®, in absence of asymmetry. The ratio of
background-corrected signal over Monte Carlo is shown in Fig.4. A fit with a(A — pr~)-a(Z° —
A~y) and the normalization as free parameter leads, after dividing for the well known value of
a(A — pr7), to the result: a(E° — Ay) = —0.78+0.18(stat) £0.06(syst). The systematic error
is dominated by the error on background asymmetry estimate. Using the central value of our
new result on the decay asymmetry, the overall acceptance for Z° — Ay can be evaluated. The
main background for the BR measurements come from Z° — An® with a lost gamma, visible
in the left-side in Fig.3. The background contribution in signal region has been evaluated using
the sidebands between red lines. Subtracting the background and using BR(Z? — A7?) as a
normalization channel we found: Br(Z° — Av) = 1.1640.05(stat) +0.06(syst). The systematic
error is dominated by the uncertainty on the decay asymmetry (~ 5%).

= No(1 —a(A — pr)-a(E® — Ay) - cosO,) (8)
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