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Figure 1: (a) The SM contribution to the kaon leptonic decays. Hi5) exchange in two-Higgs-doublets
models at tree level. (&)* exchange in two-Higgs-doublets models at one-loop level.

1. Introduction

High precision tests of the lepton flavor universality (LFU) are a powedol to probe the
Standard Model (SM) fully complementary to the measurements of flavogaigneutral current
(FCNC) decays and to the direct exploration of possible new physic} @Nthe Large Hadron
Collider (LHC).

In the SM, the leptonic kaon deca(s” — e*v (Ke2) andK* — u*v (K,2) are mediated by
a charged current at tree level (see Fig. 1(a)). The size of nore@litibutions depends on the
particular beyond of SM (BSM) scenario we consider. In various fraonks the effect is within
the present experimental precision but hadronic uncertainties presérdm fully exploiting such
decays in constraining NP. However, in Reratio the hadronic uncertainties cancel to a very large
extent and the SM prediction [1] is known with excellent accurd®y(SM) = (2.477+ 0.001) x
1075,

To obtain accurate predictions, the radiative prodéss— e*vy (Ke2y) must be included.

In Keoy photons can be produced via internal bremmstrahlung (IB) or direct emjsthe latter
being dependent on the hadronic structure (Structure DependenboempSD). By definition, the
theoretical prediction oRk is inclusive of the IB radiation only. Therefore, to compare data with
the SM prediction at thé&, level, the SD contribution must be carefully estimated and subtracted.
The same arguments apply in principleKé — p*v. However, in this case there is no helicity
suppression and the SD contribution can be safely neglected.

Charged Higgs bosons appearing in any model with two Higgs doubletsocdnibote at tree
level (see Fig. 1(b)). Such tree level contribution does not introdngdegpton flavor dependent
correction, thus it does not affect the ratRy. The first SUSY contributions violating theg-e
universality inK* — |1*v decays arise at one loop level (see Fig. 1(c)). In particular, leptearfla
violating (LFV) couplings can contribute tBx at % level for reasonable SUSY parameters [2]
(my ~ 500 GeV, ta=40 andA3! ~ 10-3, whereA3! is the mixing parameter between the right-
handed superpartners of leptons). Actually, the very recent limiBsen u™ u~— [3] might severely
constrain the allowed regions in SUSY parameters space for larpe4dn

2. Beam, detector and data taking

The NA62 experiment at the CERN Super Proton Syncrotron (SPS) tallecdedicated data
sample during 2007 and 2008 aiming at a measuremeRg afith a 0.4% precision. For th&y
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Figure 2. The NA48/2 experimental layout.

measurement, the beam line and setup of the earlier NA48/2 experimentseerbll Unseparated

secondary charged hadronic beams with central momentum of 74 GeVimaméntum spread

of +1.4 GeV/c were derived from the primary 400 GeV/c protons extracted ftoenSPS and

impinging on a berillium target. The beam composition was dominated by pions widom k
fraction of about 6%.

The NA48/2 experimental layout is shown in Fig. 2. The momenta of the ctiatgeay
products were measured by a magnetic spectrometer housed in a tank filldteliitn at nearly
atmospheric pressure and placed after the decay volume. The spectroompwised four drift
chambers (DCHSs) and a dipole magnet placed between the second anditbledmber. A counter
hodoscope (HOD) consisting of two planes of plastic scintillators prodiastdrigger signals and
provided precise time measurements £ 150 ps). A liquid krypton electromagnetic calorimeter
(LK) located further downstream was used for lepton identification anghaton veto detector.

The data taking took place during four months in 2007 and two weeks in 2@d8vas op-
timized to measure the two main backgrounds inKkgsample due to the intense flux of muons
accompanying the hadronic beam (beam halo muons) and t;thelecays with a muon mis-
identified as an electron. Due to the different acceptance and backbommditionsK™ andK ™~
decays as well as data collected with and without the lead wall, as explainednateSec. 3.2,
were analyzed separately.
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Figure 3: (a) Squared missing mass in electron mass hypothesis asctofuof lepton momentum for
reconstructedKe, and K> decays. Kinematic separation is achievable at low momeroiyn (b) E/p
spectra of electrons and muons.

3. Rk measurement

3.1 Analysisstrategy

The analysis strategy was based on counting the number of reconstkstaddK > can-
didates concurrently collected. Consequently, the analysis did not redy @bsolute beam flux
measurement, and several systematic effects cancelled at first ordersirMulation was only
used to estimate the acceptance correction and the geometrical part ot#maaces for most
background processes while particle identification, trigger, read digtegicies and muon halo
background were directly measured using data. Due to the significaahdepce of acceptance
and backgrounds on lepton momentum, ffaemeasurement was performed independently in ten
bins of momentum.

A minimum-bias trigger configuration was used, resulting in high efficiency véthtively
low purity. TheKg trigger condition consisted of :

e the coincidence of hits in the HOD planes (Q1 signal);
e |loose lower and upper limits on multiplicity of hits in the DCHs (1 track signal);
e LKr energy deposit of at least 10 GeV (ELKr signal).

The K, trigger condition required a coincidence of the Q1 and 1 track signals doated by a
factor D =150

1The non down-scaleH,;, trigger rate is 0.5 MHz, and is dominated by beam halo muons KEghérigger rate is
~ 10 kHz.
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Figure4: (a) Mis-identification probability for muon traversing thead wall as a function of track momen-
tum; (b) Correction factors as evaluated with simulation.

Due to the topological similarity oKe; and K> decays, a large part of the selection was
in common for the two decay modes: a single charged track with momentum bef8eaind
65 GeV/c was required; a cut on the kaon vertex position, reconstrastede point of closest
approach of the lepton candidate track and the kaon beam axis, wasdagopteEmove the bulk
of the beam halo background; photons are vetoed to suppress bankgrfromK* — etvy,

K* — metv, K* — mPr* decays.
Then, to distinguish betwedf, andK, decays, two main criteria were used :

e the kinematic identification based on the reconstructed squared missing Mgas$l) =
(R« —R)?, whereP andR (I = e, i) are the four-momenta of the kaon and lepton, respec-
tively (see Fig. 3(a));

¢ and the lepton identification based on the ratio of the energy deposition in theMel the
momentum measured by the spectrometer (see Fig. 3(b)).

3.2 Backgrounds

At high momentum, th&,»> decay is the largest background sourc&¢sa The dominant pro-
cess leading to mis-identify a muon as an electron is bremmstrahlung in or irofrihre LKr with
a significant energy deposit in the LKr. The muon mis-identification probalbilifyvas measured
using data. To collect a muon sample free from electron contamination due todaoays, a 9.%g
thick lead wall covering 20% of the geometrical acceptance was installedribdf the calorime-
ter between the two planes of the HOD during a fraction of the data taking. owthe muon
passage through the lead wall affects the muon mis-identification probabjlityia two principal
mechanisms: muon energy loss by ionization, dominating at low momentum; bremionsty,ah

dominating at high momentum. To evaluate the correction factegs+ Ppe/P,'fg, a dedicated MC
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Figure 5. (a) Reconstructed positron (top) and electron (bottomyickrte momentum as a function of
the reconstructed longitudinal coordinate of the kaon deggiteX, zetex. (D) Distribution of the electron
candidate crossing point at the final collimator (z=0) a#teplying the cut Oz ertex-

simulation based on Geant4 was developed. The measured muon mis-identificabability as

a function of the track momentum compared with MC simulation is shown in Fig. Z(@g.LKr
calorimeter reconstruction has been optimized for shower initiated by elscammoh photons and
starting near its front surface, whereas showers initiated by muon breaithsig start through-
out the detector volume. The corresponding relative systematic uncertaifiy. due to energy
calibration and cluster reconstruction is of 10%. However, the uncertaimtige ratiofpy, is signif-
icantly smaller & 2%) due to a cancellation of the main systematic effects. The correctiongactor
obtained from simulation along with the estimated systematic uncertainties are shbign4(b).

The beam halo muons can become a source of background in case ofdexsynor muon
mis-identification as an electron. The beam halo background was measudadia: theK ™ (K~ )
only beam was used to measure the muon halo backgroundli¢ithe e v (K™ — e v) sample,
respectively. The probability to reconstrucka — e v (K™ — etv) candidate due to a decay of
an opposite sign kaoi™* (K~ ), has been taken into account. Control samples were normalized
to data in the squared missing mass region not compatible with a kaon decagddaerthis
background, a cut on the decay vertex longitudinal position was appligd5(a) shows the lower
cut applied org.tex @s a function of the momentum (red solid line). The muon sweeping system
provided better suppression of the positive beam halo component astidhg charge asymmetry
is clearly visible. The residual background in tke — e vV sample is 5 times the one in the
K* — etv sample. A further beam halo background suppression irkthe- e v sample was
achieved by applying a cut on the crossing point of the electron candatiéite final collimator
plane (z=0). Fig. 5(b) shows the distribution of the crossing point afiplyang the cut org,eriex-

Due to theRk definition, the SD component of the radiatite® — e vy decay must be
carefully estimated and subtracted. The component with positive photonthé8®™) peaks
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Figure 6: (a) Reconstructed squared missing mass distribution ®Kth candidates. (b) Reconstructed
squared missing mass distribution for tig> candidates

atEg ~ % [6], whereE; is the electron momentum in the kaon rest frame, therefore it is kine-
matically similar to theKg; decay. The component with negative photon helicity {§peaking at

Es ~ %, is kinematically incompatible with the, decay and the corresponding background is
negligible. Similarly, the background from the interference between the@tBlze SD processes is
negligible. The SD background contribution has been estimated by Monte Carlo simulation using
a measurement of the* — e*vy (SD") differential decay rate [7].

4. Rk results

The squared missing mass distribution in the electron hypothesis both for s @nte
Carlo is shown in Fig. 6(a). 145,998, candidates were reconstructed with a total background
contamination 0f(10.95+ 0.27)% in the selected signal regich Background contaminations
integrated over the lepton momentum are listed in Table 1.

The squared missing mass distribution in the muon hypothesis both for dataantd Marlo
is shown in Fig. 6(b). 4817 x 1(PK,,, candidates have been collected with a down-scaling factor
D =150 and the total background contamination in the selected signal reg(0rb@t 0.01)%.

The only significant source of background in thg, sample is due to the beam halo and was
measured by using the same technique as foKtheample.

The final result was obtained by performing a fit over 40 indepenBgnineasurements (4
data samples times 10 momentum bins). The fit result is

Rk = (2.488+0.007¢ +0.007g ) x 107> (4.1)

with x?/ndf = 47/39. The uncertainties are summarized in Table 2.

2The lower and upper limits on the squared missing mass vary across ieptmentum bins, taking into account
the squared missing mass resolution, radiative mass tails, and bactgronditions.
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Table 1. Background contaminations in th&, sample integrated over the lepton momentum.

Data sample B/(S+B)

K* — utv (5.64+0.20)%
K*— u*v (u—e) (0.26+0.03)%
K* — efvy (SD") (2.60+0.11)%
K* — n8etv (0.18+0.09)%
K* — nSmt (0.12+0.06)%
Wrong sign K (0.04+0.02)%
Beam halo (2.11+0.09)%
Total (10.954+0.27)%

Table 2: Summary of the uncertainties &t

Source ORk x 10°
Statistical 0.007
K2 background 0.004
K* — efvy (SD") background 0.002
K* — mletv, K* — P backgrounds 0.003
Muon halo background 0.002
Matter composition in the spectrometer 0.003
Acceptance correction 0.002
Spectrometer alignment 0.001
Electron identification efficiency 0.001
1-track trigger efficiency 0.001
LKr readout inefficiency 0.001
Total systematic 0.007
Total 0.010

The current world average RYA = (2.488+0.009) x 10~ (see Fig. 7). The value measured
by the KLOE collaboration i&¢ = (2.493+0.031) x 10°°. They reached a precision ef1.3%
running over 22 fb~! and using a completely different technique [7].

5. Conclusions

The NA62 collaboration performed the measuremeri®ofon the full data sample collected
in 2007-2008. The resulR« = (2.488+0.010) x 10>, is in agreement with the SM expectation
at 12 0. The precision achievedJ4, allows to test the lepton flavor universality with the same
accuracy as the tau and pion leptonic decays [8]. Within the NA62 expetdangrogram [9],
the precision on th&®« measurement can be further improved because the hermetic photon veto
will strongly decrease th&* — e*vy background and the beam spectrometer, allowing time cor-
relation between kaons and decay products, will reduce the beam hadgrband to negligible
levels.
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Figure 7: The development of thBx measurement.
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