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The NA48/2 experiment has presented a final result of the charged kaon semileptonic decays form
factors measurement based on 4.28 million K±→ π0e±ν (Ke3) and 2.91 million K±→ π0µ±ν

(Kµ3) selected decays, collected in 2004. The result is competitive with other measurements in
(Kµ3) mode and has a smallest uncertainty for (Ke3), that leads to the most precise combined (Kl3)
result and allows to reduce the form factor uncertainty on the extraction of |VUS|.
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1. Introduction

The main purpose of the NA48/2 experiment at the CERN SPS was the search for direct CP
violation in charge Kaons decay to three pions[1]; the experiment was collecting data in 2003 and
2004. A detailed description of the NA48 detector is available elsewhere [2]. The main differ-
ence of the NA48/2 setup was the replacement of the neutral kaon beams with two high intensity
secondary beams (K+ and K−) with a momentum of 60 GeV/c and a δ p

pK
= 3.8% (rms). The two

beams were simultaneous, generated from the same primary proton beam (400 Gev/c momentum)
extracted from the SPS. The ration between the K+ and K− fluxes was 1.8 and the rate of kaon
decays was about 100 KHz. The data used for the form factor (FF) analysis were collected in 2004
during a dedicated run with a minimum bias trigger setup which only required at least one charged
track crossing the charged hodoscope (CHOD) and an energy deposit of at least 10 GeV in the
Liquid Krypton Electromagnetic Calorimeter (LKr). Nearly 480×106 triggered events have been
recorded during such special run.

2. Semileptonic Kaon decays

The Kl3 decay width in the absence of radiative corrections can be represented by the Dalitz
plot density depending on El and Eπ , the lepton and pion energies in the kaon rest frame [3]:

d2Γ

dEldEπ

= N[A f 2
+(t)+B f+(t) f−(t)+C f 2

−(t)] (2.1)

where t = M2
lν = (PK − Pπ)

2 = m2
K + m2

π − 2mKEπ , N is a normalization constant and f−(t) =
( f+(t)− f0(t))(m2

K−m2
π)/t. f+(t) and f0(t) are the vector and scalar Kl3 form factors, respectively,

mK is the mass of the charged kaon, mπ is the mass of the neutral pion. A, B and C are kinematic
factors:

A = mK [2ElEν −mK(EMAX
π −Eπ)]+m2

l [(E
MAX
π −Eπ)/4−Eν ]

B = m2
l [Eν − (EMAX

π −Eπ)/2] (2.2)

C = m2
l (E

MAX
π −Eπ)/4,

where EMAX
π = (m2

K +m2
π −m2

l )/(2mK) (ml is the lepton mass), and Eµ = mK−El−Eπ is the
neutrino energy in the kaon rest frame. Giving the m2

l factor the terms B and C are negligible in the
Ke3 decay, for this channel only the vector form factor participates in the Dalitz plot description.

In Table 1 the definitions of the form factor parametrizations used in the analysis are shown:
the quadratic parametrization [4] (fit parameters λ ′+, λ ′′+, λ ′0), the pole parametrization [5] (fit pa-
rameters MV , MS) and the dispersive parametrization [6] (fit parameters (Λ+, ln[C]).

3. Selection and reconstruction of Ke3 and Kµ3 samples

The longitudinal position of the decay vertex of the charged kaon can be computed in two
different ways: the first consists on the computation of the closest distance of approach between
the nominal beam direction and the lepton track (reconstructed by the spectrometer), the second
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Type of parametrization f+(t) f0(t)
Quadratic 1+λ ′+t/m2

π +
1
2 λ ′′+(t/m2

π)
2 1+λ ′0t/m2

π

Pole M2
V

M2
V−t

M2
S

M2
S−t

Dispersive e
(Λ++H(t))t

m2
π e

(ln[C]−G(t))t
m2

K−m2
π

Table 1: Parametrizations used in the present analysis to fit the form factor slopes.

exploits the longitudinal position of the π0 decay, reconstructed only from LKr data assuming
PDG[4] value for the pi0 mass. In the present analysis the latter option is used in order to avoid a
known transverse bias present in the first method. Once the z is fixed, the x and y positions of the
kaon decay vertex is taken from the nominal beam direction reconstructed from K±→ π±π+π−

decays. The full reconstruction of the event, taking into account the position of the decay vertex
and the π0 and lepton momenta, produces two solutions for the kaon momentum, the one with the
closest value to the nominal beam momentum is chosen. The difference between the reconstructed
kaon momentum and the nominal one is request to be less than 7.5 GeV/c, otherwise the event is
discarded.

To select a good π0 → γγ candidate two clusters are request in the LKr with energy greater
than 3 GeV, the distance between the two cluster has to be greater than 20 cm and the distance from
the closest impact point of a track in the LKr has to be greater than 15 cm. The total energy of the
π0 has to be greater than 15 GeV to ensure a good efficiency of the trigger for the selected events.
To reduce background from K±→ π±π0π0 no extra-photons are has to be present in time (±5 ns).

The preliminary requests on lepton track are: the track has to be in time with the π0 (±10
ns), and distance of the track from the nominal beam axis greater than 15 cm at each drift chamber
plane. No extra-tracks in time (±8 ns) must be present. Then different cuts are applied to e± and
µ±.

For Ke3 selection the track momentum has requested to be greater than 5 GeV/c and the ratio
E/p of the energy E measured in the LKr and momentum p measured from the spectrometer has
to be greater than 0.9. A requirement on the reconstructed neutrino transverse momentum is also
applied: Pnu

T > 0.03 GeV/c.

For Kµ3 selection the track momentum has requested to be greater than 10 GeV/c (to ensure a
good efficiency of the muon detector), the ratio E/p is required to be lower than 0.9 and a muon
hit associated with the track must be present in the muon detector. Selective cuts are then applied
to suppress the background from the decays K± → π±π0 and K± → π±π0π0 with a subsequent
pi±→ µ±ν decay.

The Dalitz plots of the selected events are shown in Fig.1 with a binning of 5×5 MeV. They
are used for all the further fits after correction for residual background. The residual background are
estimated using the Monte-Carlo and their contributions are subtracted in the Dalitz distributions.
The total number of events on the final samples are 4.278 million of Ke3 and 2.907 million of Kµ3.
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Figure 1: Reconstructed Dalitz plots for Ke3 (left) and Kµ3 (right).

4. Results and conclusions

The measurements of the form factors are obtained with the minimization of a χ2 given by
the bin by bin difference between the experimental (background-corrected) Dalitz plot and the
Monte-Carlo one. The semileptonic radiative Monte Carlo samples have been simulated with the
KLOE generator [7]. Fit results and contributions to systematic uncertainty for quadratic, pole and
dispersive parametrization are shown in Table 2.

Quadratic λ ′+ (×103) λ ′′+ (×103) λ0 (×103)
Kµ3 23.32±3.08stat ±3.50syst 2.14±1.06stat ±0.96syst 14.33±1.11stat ±1.25syst

Ke3 23.52±0.78stat ±1.29syst 1.60±0.30stat ±0.39syst

Kl3 23.35±0.75stat ±1.23syst 1.73±0.29stat ±0.41syst 14.90±0.55stat ±0.80syst

Pole MV (MeV/c2) MS (MeV/c2)

Kµ3 879.1±8.1stat ±13.5syst 1196.4±18.1stat ±28.8syst

Ke3 896.8±3.4stat ±7.6syst

Kl3 894.3±3.2stat ±5.4syst 1185.5±16.6stat ±35.5syst

Dispersive Λ+ (×103) ln[C] (×103)
Kµ3 23.55±0.50stat ±0.97syst 186.68±5.12stat ±9.23syst

Ke3 22.54±0.20stat ±0.62syst

Kl3 22.67±0.18stat ±0.55syst 186.12±4.91stat ±11.09syst

Table 2: Fit results for the quadratic, pole and dispersive parametrizations of the form factors.

NA48/2 is the first experiment measuring the form factors using both K+ and K−. The Kµ3

result is dominated by the statistical error, the Ke3 by the systematic (background subtraction). The
Kµ3 and Ke3 are in agreement within each other and our combined results are competitive with the
current world average. In order to avoid the problem of partially correlated systematic uncertainties
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in the averaging of the Kµ3 and Ke3 results, the complete analysis has been repeated considering
the two decay modes as a unique data set, containing two Dalitz plots simultaneously fitted with a
common set of form factor parameters. The final results of the fit for quadratic, pole and dispersive
parametrizations are again listed in Table 2 . All the measured parameters are in good agreement
with the previous measurements done by other experiments.
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