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The NA48/2 experiment at CERN SPS collected data in 2003-2004 allowing several precise
measurements in the charged kaon decay sector. This work presents preleminary measurements
of the form factors of charged kaon semileptonic decays, based on 4.0 million K*,5 (K*—n’¢"v)
and 2.5 million K*,;3 (K*—=n’w*v) decays, both with negligible background: the K*,; and K*,3
results are in good agreement allowing for a combined result which matches the precision of the
current world average. Furthermore, the collaboration has collected large samples of Ko,
(K* = e'v) and K, (K*—n’n’e"v) decays. Using 1.1 million K¢, and 66000 K" decays
an improved determination of the branching fraction and detailed form factor studies are
performed. In the charged mode the measurement of the phase difference between the S- and P-
wave states of the m system allows a precise determination of al), the isospin I=0 and I=2 S-
wave mr scattering lengths. A combination of this result with the NA48/2 measurement obtained
in Ksn (K*—n’n’n") decays leads to a further improved determination of a and the first precise
experimental measurement of a3.
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1. Introduction

The main goal of the NA48/2 experiment, collecting data in 2003-2004 at CERN SPS, was
the search for direct CP violation in the decay of K= into three pions [1]. The large statistics
accumulated has allowed the study of a variety of rare kaon decay modes; here recent
experimental results on charged kaon semileptonic decays from NA48/2 are presented.

2. The NA48/2 experiment

Simultaneous K" and K~ beams are produced in the same beryllium target by impinging
400 GeV protons from the CERN/SPS accelerator. The beam momentum range of (60+£3)

GeV/c is selected by two front-end “achromats” and focused ~200 m downstream, at the end of

the decay region. The main components of the NA48 detector, described in detail in Ref.[2],
are: a magnetic spectrometer consisting of two sets of drift chambers and a central dipole

magnet, providing a momentum resolution o(p)p =(1.02 & 0.044p)% (p in GeV/c); a
hodoscope consisting of two planes of plastic scintillators segmented into horizontal and
vertical strips providing a fast trigger for charged particles with very good (~150 ps) time

resolution; a liquid Krypton calorimeter (LKr), 27 radiation lengths deep, used to measure
electromagnetic energy deposition of photons and electrons with a resolution o(E)/E = (3.2NE
@ 9.0/E & 042)% (E in GeV); a muon detector system, consisting of three segmented

scintillator planes each shielded by a 80 cm thick iron wall, to identify muons in Ki‘ug, events.
The energy/momentum (E/p) ratio is used for electron/pion (e/r) discrimination.

3. Semileptonic K*; decays

Semileptonic kaon decays offer the theoretically cleanest access to the CKM matrix
element |V, and the most accurate test of the CKM matrix unitarity. The physical quantity used
to extract [V, experimentally is the photon inclusive K*;3 (£= e or p) decay rate and besides
inputs from theory, now calculated with a precision of 0.5%, and small radiative and SU(2)
corrections, one needs to compute phase space integrals including form factor measurements.

The hadronic matrix element of the K*(; decays is described by two dimensionless form
factors (FF) fi(t) which depend on the squared four-momentum ¢ transferred to the £-v system.
They can be expressed in terms of vector fi(t) and scalar fy(t) exchange contributions,
parametrized either as a Taylor expansion (“quadratic parametrization”) with coefficients A'; ¢
and A"y (slope and curvature), or by assuming the dominance of vector (V) or scalar (S)
resonance exchange (“pole parametrization”), where pole masses are the only free parameters.
Only the vector FF is measurable in K*.; (due to lepton mass suppression in the scalar FF
amplitude) while both vector and scalar FF are accessible in Kﬂg. As the vector FF £.(0) at 0
momentum transfer cannot be measured directly, FF normalized to f.(0) are considered.

The NA48/2 results on FF are obtained using data collected during a dedicated three-day
run with minimum bias trigger in 2004. Four million K*¢; and 2.5 million K*; events were fully
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reconstructed with sub-percent background contamination. After background subtraction,
acceptance and radiative corrections, the Dalitz plot of the decay is fitted with a procedure
which masks the bins at the border of the kinematical allowed region, extracting the FF for both
final states and both parametrizations. Since results for both channels agree well with each other
(for both parametrizations) they may be combined to give the preliminary results shown in
Table 1.

Quadratic (x10°%) Ay Ay Ao
K*s Kﬁd combined 2698 +1.11 0.81 = 0.46 16.23 £ 0.95
Pole (MeV/c?) my mg
K*s Kﬁd combined 877+ 6 1176 = 31

Table 1. Preliminary NA48/2 results for K*.; and Kﬁﬂ combined form factors.

Figure 1 compares the combined quadratic fit results reported by recent experiments: 68%
confidence level contours are shown for both neutral (KLOE, KTeV and NA48) and charged
(NA48/2, ISTRA+ only studied K ') kaons. The NA48/2 results agree with other experiments
and match the precision of the 2010 FlaviaNet [3] world average. The combined K*.; and Kﬁ,;
results from NA48/2 are the first high precision FF measurement with both K" and K~ mesons.
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(]
ot =KTeVK e uF
x | =KLOE K’ Rl:
f<44_ ==]Istra+ K~ < B
I 4 uf
I =NA48/2K* »b
- preliminary E
3 200
I ll:'—
[ [ | T R |
21~ o 45¢
: 2 ‘é_
L X 35F
. R, 3F
1 rzu—
I + 2F
| K;and K&,
L . /J, E
combined i
o 0sE
FlaviaNet combined Fit 2010 of
—'1LI L |2|°| 1 |2|2| 1 LZLA L |2|6| 1 |2|a| \sx .05‘- é 16 1I2 1‘4 lIO 6 %%
A x 10 Ay x 10°

Figure 1. Preliminary combined quadratic fit results for K¢3 decays. Ellipses are 68% CL contours.

4. Semileptonic K*.4 decays

The study of K4 decays is of particular interest providing access to two-pion final state
interaction in a clean environment given the absence of any other hadron.

Four-body final state decays are fully described by five kinematic variables, the Cabibbo-
Maksymowicz variables: two invariant masses Sx=Mnx and Se=M’ev and three angles 6x, 6 and
@. The hadronic complex form factors (FF) can be developed in a partial wave expansion: when
limiting the expansion to S- and P-waves and considering a unique phase J, for all P-wave FF,
two axial FF (F, G) and one vector FF (H) contribute to the transition amplitude. The
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differential rate in the 5-dimensional space depends on five real numbers, four FF (F, F),, G,
H,) and one phase difference (6= J, - J,) that are measured together with their energy variation
with Sz and Se. For the neutral mode Ke400 the formalism is simpler due to Bose statistics and the
FF reduce to F; only.

4.1 Form Factors and Branching Ratio

After a similar event reconstruction and selection, 1.1 x 10° Ko and 6.6 x 10* Ke400
signal events are found with background contamination at percent level [4,5]. The FF and
branching ratios (BR), measured with unprecedented precision, are published in [4] for Ko~
while the Ke400 results are still preliminary. The BR (inclusive of K4y) measured relative to the
abundant Ksx modes (Ki—m*rﬁci and Ki—moﬂzoni) are listed in Table 2: the external
uncertainties from the normalization mode BR measurements are presently the dominant errors.

Decay Mode BR PDG value
Ko™ (4.257 £ 0.00445 = 0.016 gy % 0.03 1) X 107 | (4.09 = 0.10) x 107
Ko™ (2.585 £ 0.01045% 0.010 gy % 0.03245) X 107 (22+0.4)x107°

Table 2. NA48/2 measured BR (inclusive of Ky) for Ko, and K" decays.

The energy dependence of the FF was studied in the plane (Sx, Se) adjusting the differential
distributions of simulated events to those of data in small equally populated bins of the multi-
dimensional kinematic space. The F, form factor variation with ¢’= (Sw/4m’x— 1) is shown in
Fig.2 where the same quadratic behaviour is visible in both modes at ¢°>0. The deficit of events
below the 2m_ + threshold in the K., data can be explained by charge exchange rescattering

effects in the mw system as observed in Kjx decays [6].
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Figure 2. Relative FF (Fs/fs)2 variation with q2 for Ko, (left) and K" (right) decays. The red lines for q2>0
are degree-2 polynomial fits to data, while the blue line at q°<0 in the right plot is the extrapolation to negative
values.

4.2 Scattering lengths from K4 and Kz decays

The mw scattering lengths are among the most precise predictions of Chiral Perturbation
Theory (ChPT). NA48/2 has performed precise measurements using K.,  and Ksxdecays.
Ksn decays are a sensitive probe for S-wave scattering lengths al) through final state scattering
effects resulting in a cusp like structure of the s invariant mass distribution at the 2m+
threshold. NA48/2 has reconstructed 60 million such events and determined al from the shape
of the M’xn distribution [6]. Ko™ decays have small BR (1.1 million events reconstructed by
NA48/2) but allow the study of final state interaction of two pions in a clean hadronic
environment. Scattering lengths are extracted from the measured phase shift after applying
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isospin corrections [4]. These two different but complementary approaches to nr scattering near

threshold are used to extract S-wave scattering lengths al, corresponding to isospin I=0 and I=2.

As Kjsr and K4 results come from statistically independent analyses, they can be combined

(neglecting the potential but small common systematic uncertainties) in a more precise result:

a

ad-a

8= 0.2210 £ 0.0047 2 0.0040
a2 = —0.0429 = 0.0044,, = 0.0028
Z_ 0.2639 % 0.002044 = 0.0015

Figure 3 compares the NA48/2 measurements to recent experimental results from DIRAC [7],

precise calculations from lattice QCD [8] and most elaborate predictions from ChPT [9].
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Figure 3. NA48/2 K3x (blue) and K4 (black) results in the (ag - a(z) , a(z]) (left) and (ag, a%) (right) planes.
Red contour is the combined NA48/2 result compared to DIRAC result band and lattice QCD and ChPT predictions.
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