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1. Experimental setup

The NA48/2 experiment beam line has been designed to measure the CP giolainged
asymmetry in th& — 3rrdecay [L]. Simultaneous positive and negative kaons beams are ptbduc
in the same beryllium target by impinging 400 GeV protons from the CERN/S&3eaator. The
momentum range of60+ 3) GeV/c is selected, for both beams, in the first “achromat” and a
complex system of magnets allows to have superimposed and focused-b@a&®s downstream,
at the end of the- 100 m long decay region. A schematic view of the beam line can be found in
[]. Both K™ andK~ decays are collected in the same NA48 detectors, described elsefyhere [2
The Ky analysis is essentially based on the magnetic spectrometer, consisting of et idipgie
and two sets of two drift chambers with a momentum resolutioa(qf)/p = (1.0+ 0.044- p)%

(with p in GeV/c). TheK* — mtn°n°® analysis uses the electromagnetic calorimeter to identify
the gammas produced by tm8 decay. The E.M. calorimeter has27 radiation lengths of liquid
krypton (LKr) with a resolution oo (E)/E = (3.2/vVE ® 9.0/E & 0.42)% (with E in GeV). The

BR measurements, presented in this paper, use both LKr and spectrometer.

2. Ky decay analysis

TheK* — mrm et v (Ked) kinematics is fully described using the 5 Cabibbo-Maksymowicz
variables [B] : the dilepton and dipion invariant mass and the three aBgle®. and ®, as de-
fined in fig[l. Thanks to these variables the two axials (F,G) and one védtd)iform factors
contributing to the transition amplitude, are written in terms of a partial wave siqraf}]:

F=Fe>+Fe® .., G=GpE%+.., H=Hyd%..
the four form factors can be further expanded in powergef (M2, /4mZ) — 1:
Fo=(fot+ fe?+fo0), Fo=Tfp, Gp=(gp+0pa), Hp=hp

and only the phase shift(g?) = & — Op is taken into account. About 677500 decays were selected
looking for events in which three good reconstructed tracks are identifidte magnetic spec-
trometer. The particle identification, to distinguish between electron and m&p/its the ratio
between the energy measured in the calorimeter and the momentum in spectitmagisrl for
electrons). The background, coming mainly fré&m — 5 r T decay with a pion misidentified
as electron or with a pion decay— ev, is evaluated by studying the “wrong” sign events, i.e. the
events for which thé&S= AQ rule is violated (we are not sensitive to measure this violation). The
total background is at level of 8%. In order to fit the form factors and the phase shift, the whole
data sample has been subdivided in 15000 bins defined in the CabiblsyMakicz variables 5
dimensional space, and a GEANT3 [5] based montecarlo has been ehgioyparticular in each
of the 10 bins alond,;; a 4 parameters fit was performed in order to extract the form factors. In
tab. [1 the results are summarized. The agreement between data and Moristabutions is
very good for each of the variables used to define the form factors.

With respect to the results already presented]in [6] on a partial data seis antilysis a re-
stricted kaon momentum range [54,66] GeV/c in the selection has been appiel@iio minimize
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fo/fs= 0.0152+0.00740.005 | gp/fs= 0.0868+0.010+0.010
fe/fs= —0.073+£0.007+0.006 | g,/fs= 0.08940.017+0.013

fo/fs=  0.068+0.006+0.007 | hy/fs= —0.398+0.015+0.008
fp/fs= —0.048+0.003+ 0.004

Table1l: Preliminary results with statistical and systematicsrerro
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Figure 1: Topology of theKes decay and defininition ~ Figure2: Phase shift as a function M. The preci-
of the Cabibbo-Maksymowicz variables. sion in the 10 points measured by NA48/2 exceeds the
previous measurements.

the background contamination. A second fit is made to determine the formgfgétdependence.

In the case of the phase shift the Roy equationg][7], simply based on analicity and unitarity, are
used to fit they® dependence. Through the Roy equations, after an extrapolatiormfrsoattering
data at higher energy, it is possible to correlate dhghase shift to the scattering lengtiagsand

a,. Using the numerical solutions of the Roy equations (as calculated byaseveups [B] [P]),

the isospin breaking corrections have to be included in order to extracothected value for the

1 — 11 scattering lengthg T10]. In fig.2 the phase shift dependendd,gnis shown as fitted with
the Roy equations. The extracted values for the scattering lengths are:

agMy = 0.22204-0.012844 + 0.005Qyg 4-0.003 %

apMy; = —0.0432+0.0086¢4 £ 0.0034y¢ +-0.0028h

with a 97% correlation coefficient. Using the relation amap@nda, predicted by ChPT[12] the
value from the 1-parameter fit is:

agMmy; = 0.22064- 0.00494 £ 0.0018y¢ 4-0.0064

The present world average on the pionic scattering lengths Kgimmdominated by the results
shown here, is:

aoMy; = 0.2199:+ 0.0125,, + 0.003%

apmy; = —0.04304 0.0083, £ 0.0028;
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Figure 4: Cusp and Ke4 NA48/2 results. Comparison
1O - with theoretical predictions given by ChPT and experi-
The arrow indicated the cusp position @tyg:. mental result given by DIRAC experimell] (based
on pionium lifetime analysis).

Figure 3: M2, , mass distribution irK* — re“r°t°.

3. Cusp analysis

The pion scattering lengths can also be measured through the study ofitipg Iic the ®°
invariant mass distributiorM2,) in K* — = decay. As shown in fi§j.3, atn2; a singularity
(cusp) appears; this cannot be explained by a simple polynomial exparfdioe matrix element
(as used in[[13]). The interpretation of this structure was giver| By #4dlue to ther"m~ —
P strong rescattering, having different real and imaginary behavidawoend above the 2"
production threshold. Several theoretical approachs (for instif¢ll]) has been implemented
in order to exploit the experimental precision obtained thanks to the sizdaliltiss collected
(more than~ 60-1° K* — tn°m® ) and the excellentn o0 mass resolution. In particular we
use two different models to fit our data: the Cabibbo-Isidori (1) [1i the Bern-Bonn (BB) 18]

. The results are in good agreement in spite of the fact that they are taskiflerent hypothesis
(the BB results are shown here, due to the betfeand the most complete theofy J19]):

(ag —az)my = 0.2571+ 0.0048;5 + 0.0025yg + 0.0014

apMyr = —0.02440.013¢4 £ 0.009yg 4= 0.00Z
Using the same ChPT constraint given py [12] mentioned above, the hptefit gives:

(ag— ap)my = 0.2633+ 0.00244 4 + 0.0014y¢ 3 0.0019

These results are in agreement with our previous results based on agsantibdata[[20].

4. Comparison between Ke4 and Cusp analysis

Two different approaches to measure the pion scattering lengths hapiesented. From an
experimental point of view the two processes, Kie — mt me*v and theK* — i °n°, are
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Figure 5. Them,, data distribution is well described

tﬁf ure 6. The background contribution below the!signal
ChPT for defined values of the ¢ paramete®ap®) 9 g 9

peak is 6.1% (mainly due t§* — 71" n°Dy decay

collected by different sub-detectors with different contribution to theéesgyatics uncertainty. On
the other hands the theoretical inputs used to extract informations fronetaysldynamics are
totally different: based on Roy equations and isospin correction in the & and on final state
strong rescattering or on ChPT theory in the Cusp case. In spite of tifesgenttes the results
obtained are in good agreement, as shown if]fig.4. The combined results:

(ag— az)my = 0.2639+ 0.002Qy ¢ + 0.0004

apMy = —0.04294-0.0044¢4 £+ 0.0016y«

Assuming the ChPT constraint:
(a9 — ap)my = 0.26440.002Q4 5 +0.001 7y
These results are in perfect agreement with the ChPT preditibn [12] :

(ag — ag)my; = 0.265+0.004

5. Other QCD tests

The kaon decays are an excellent laboratory to test the low energg stteraction perturba-
tive theories, as the ChPT. For example, the NA48/2 measurement Kfthe " yy branching
ratio is a sensitive test of ti@(p®) in chiral expansion. The preliminary model dependent analysis
quotes:

BR(K™ — mT"yy) = (1.07+ 0.04g +0.08yg) - 10°°

with 1164 events found on 40% of the whole data set. The shape ofithdistribution is well
described by ChPT for certain parameters valueg[fig.5). The précess mrete "y, never ob-
served before, is measured in a model independent way, using 18@iats (fid}e), with a BR
of:

BRKK" — mrfetey) = (1.194 0.1244 +0.04gg) - 108

This result is in perfect agreement with B¢p®) ChPT predictions[[31].
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