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The ratioRK = Γ(K± → e±ν)/Γ(K± → µ±ν) provides a very powerful probe for the weak

interactions structure. This ratio of decay rates is calculated with very high precision within

the Standard Model but the corrections due to the presence ofNew Physics could be as high as

3%. The data obtained by the NA48 experiment at the CERN SPS accelerator during a 56 hours

special run in 2004 has been analyzed. The precision of the preliminary result forRK is two times

better than the world average but is still insufficient to probe the existence of physics Beyond the

Standard Model. Currently the experiment is taking data dedicated to the sub-percent precision

measurement ofRK .
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1. Introduction

In the Standard Model (SM) the weak interactions of the leptons are described by a unique
coupling constantGF . This universality can be tested by investigating the leptonic decays of light
mesons likeK± → l±ν decays. They proceed as tree level processes within the SM and the ratio
between of the decay widths of the electronic and muonic modeRK = Γ(Ke2)/Γ(Kµ2) can be
written as [1]

RK =
m2

e

m2
µ

(

m2
K −m2

e

m2
K −m2

µ

)

(1+δRK) (1.1)

where the termδRK = −(3.78±0.04)% represents the radiative corrections. In the ratioRK the
theoretical uncertainties on the hadronic matrix element cancel resulting in a precise prediction
RK = (2.472±0.001)×10−5.

Considering different extensions of the SM (like models with Lepton FlavourViolation, dif-
ferent SUSY scenarios) a constructive or destructive contribution toRK as high as 3% could be
achieved [2].

The value ofRK has been measured by three experiments in the 70s [3] but the precision of
the combined result (RK = (2.45±0.11)×10−5) doesn’t allow to perform a significant test of the
lepton universality within the SM.

2. The NA48/2 experiment

The NA48/2 experiment was primarily designed to measure the charge asymmetry in the
K± → 3π decays in order to probe for CP violation in the charged kaon system [4].Data were
taken in 2003 and 2004, providing approximately 4× 109 K± → π±π+π− decays. Apart from
the nominal running conditions the data taking also included two special runs with reduced beam
intensity and special trigger setup devoted to the investigation of kaon semileptonic decays.

The huge statistics allows to study rare kaon decays with high precision. Forthe measurement
of RK described below only the data taken during 56 hours special run in 2004 was used.

Kaons at the NA48/2 experiment are produced by a 400 GeV/c primary proton beam from
the CERN SPS hitting a beryllium target. A system of collimators and achromats selects particles
with mean momentum of 60 GeV/c with both positive and negative charge. The momentum of the
particles is measured by a beam spectrometer. The simultaneousK± beams enter a 114 m long
evacuated decay region closed by a Kevlar window. The decays products are detected by the NA48
detector complex including:

- Magnetic spectrometer (DCH): Composed by four drift chambers and a dipole magnet
deflecting the charged particles in the horizontal plane. The resulting resolution on the momentum
measurement isδ p/p = 1%⊕0.044%p [GeV/c].

- Charged hodoscope (HOD):Fast scintillator detector with time resolution of 150 ps used
in the trigger system.

- Electromagnetic Calorimeter (LKR): A Liquid Krypton calorimeter of 27 radiation lengths
used to measure the energy of the electrons and photons with resolution ofδE/E = 3.2%/

√
E⊕

9%/E⊕0.42% [GeV].
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The mean beam axis is close to theZ axis of the experiment. A more detailed description of
the experimental setup can be found elsewhere [5]

3. Data analysis

3.1 Event selection

Due to the reduced beam intensity only highly efficient minimum bias triggers were used
to collect the data.Ke2 events were triggered by a time coincidence of signal from the HOD
compatible with one charged track and energy deposition in the LKR higher than10 GeV. Since
Kµ2 is dominant decay mode of the charged kaons they were collected using onlythe HOD signal
downscaled by a factor of 50.

In the final stateKl2 events contain only one observable particles, the charged lepton, and this
similarity allowed to minimise the differences in the offline selection criteria.

Geometry and kinematics:The charged particle was required to pass through the DCH and
HOD and LKR and the event had to contain no extra tracks or clusters in the LKR with energy
higher than 2 GeV. Based on the closest distance approach between the extrapolated track from the
DCH and the beam axis, the Z coordinate of the decay vertex was computed and was required to be
between 2000 cm and 7000 cm (the decay region starts at−1800 cm). The track momentum had
to be 15 GeV/c< PTrk < 50 GeV/c. The interval was split into 7 bins of 5 GeV/c and the analysis
was performed independently in each of the bins.

Particle identification (PID): For the separation between electrons and muons the ratioE/pc
was used, wherep is the track momentum measured from the DCH andE is the reconstructed
energy of the particle in the LKR. For electrons this variable peaks at 1 andthe condition ofE/pc>

0.95 was used. Muons were identified as particles withE/pc< 0.2.

For a given assumption on the lepton mass, the missing mass squaredM2
miss= (PK −Pl )

2 of
the event was computed using 60 GeV/c along the beam axis for the kaon momentum. In the case
of Kl2 event it had to be consistent with the mass of the neutrino.

Figure 1: Missing mass versus theE/pc distribu-
tion for theKe2 candidates beforeMmissandE/pc
cuts. A logarithmic scale is used for the event den-
sity in order to see the background contribution

Figure 2: Number ofKµ2 background events in
theKe2 sample in each of the momentum bins
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The reconstructedKe2 candidates are shown in Figure 1. With the presented selection about
3.4×106 Kµ2 and 3930Ke2 candidates were found.

3.2 Background estimation

The major contribution to the background in theKe2 sample was identified to come from
Kµ2 events with muons releasing almost all their energy in the LKR. This type of background was
estimated from data. The requirement forE/pc> 0.95 was changed toE/pc< 0.2 assuring only
muon contribution and the missing mass cut was kept. Then the obtained number of events was
scaled with the probability that a muon givesE/pc > 0.95, which was also obtained from data.
The resulting background in each of the momentum bins is shown in Figure 2

After subtraction of all background sources the total number ofKe2 events was obtained to be
3407±63stat±54syst

The background in theKµ2 sample was found to be approximately 0.6% dominated byK± →
π±π0 events.

3.3 Simulation

A full GEANT3 [6] based simulation of the detector response was used onlyfor calculation of
the acceptance for both decay modes. The radiative corrections were taken into account according
to [7] and [1]. The agreement between the data and Monte Carlo was verygood as shown in Figure
3.

4. Results and conclusions

The value ofRK was calculated as

RK =
NKe2raw−NKe2back

TrE f f(Ke2) Acc(Ke2) Ce
×

Acc(Kµ2) Cµ

D (NKµ2raw−NKµ2back)
(4.1)

whereKl2raw are theKl2 candidates passing the presented selection andKl2back is the back-
ground contribution,Cl represents the correction the correction resulting from particle identifica-
tion, Acc(Kl2) is the geometrical acceptance from the MC simulation andD = 50 is the downscal-
ing for theKµ2 events,l = e,µ. All relevant values were obtained in momentum bins and, apart
from the geometrical acceptance, from the data themselves.

Most of the systematics cancel in the ratio of the partial widths. The residualuncertainties are
presented in Table 1. The major contribution comes from the determination of the background in
theKe2 sample which was obtained from data and error scales with the statistics.

Systematics source Uncertainty,∆RK/RK

Background subtraction inKe2 1.59%
Electron identification 0.24%
Ke2 geometric acceptance (MC stat) 0.3%
Trigger inefficiency 0.3%

Table 1: A summary of the major systematic uncertainties.
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The preliminary result forRK from the 2004 data is

RK = (2.455±0.045stat±0.041syst)×10−5 (4.2)

and the values for both kaon charges are consistent. The uncertainty is dominated by the statistics of
theKe2 sample and the total error is two times smaller than the combined result from the previous
experiments as shown in Figure 4

Figure 3: Ratio of the normalized data and MC
distributions for the reconstructed Z-vertex coor-
dinate ofKµ2 events
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Figure 4: Different measurements ofRK . The av-
erage doesn’t include the recent preliminary mea-
surements by the NA48 experiment. The line rep-
resenting the SM calculation includes the error

The precision is still far from being competitive with the Standard Model prediction but is
already very close to the level where non SM physics may give effects. Currently the NA48/2
collaboration is taking data to measureRK at the sub-percent level. Such measurement will provide
a sensible test of the Standard Model and will allow to probe regions in the parameter space of
some of its extensions.
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