Ke4 decays at Na48/2 experiment at CERN
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NA48 charged kaon beam

Primarly designed for CP violating charge asymmetries studies in K3p decays

2003 run ~ 50 days + 2004 run ~60 days , 200 TB Data on tape

W Simultaneous K+ and K~ beams with p;+ = (60 &+ 3) GeV/c.
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NA48 detector

Muon veto aytem
Hadron calorimeter
Ligquid krypton calorimeter

Hodoscope
Drift chamber 4

Main detector components:

W Magnet spectrometer

B Two drift chambers each before
and after spectrometer magnet.

B Momentum resolution:
< 1% for 20 GeV/c tracks.

Drift chamber 2
Antl counter &

Dirift chamber 1

Eevlar window

M Anti-counters for photons, muons -

M Liquid Krypton Calorimeter ?
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Ke4 formalism

Five kinematics variables Ca. Ma. variables
(Cabibbo Maksymovic, 1965)

di-pion invariant mass
di-lepton invaiant mass
lepton emission angle

pion emission angle
angle between lepton and pion plane




ChPT and Ke4 decays

label decay BR prediction BR PDG #events

Ke4 +- K" ->e'va'n- (3.91 +0.17) 10 > (4.09 +0.10) 10 418000
Ke4 00 K'->e'va’n’ (2.01 +0.11) 10 > (2.20 +0.40) 107 37
Ke4 0- K°->e'va’n- (4.69 +0.87) 10> (5.20 + 0.11) 107 6131

Isospin symmetry (mu = md =0, o (QED) = 0)
I'(+-) =%T(0-) +2I" (00)




Contribution to Ke4 decays
from NA48

Ke4 decays in the (+-) mode have extensively studied with 1.1 million decays
and published as Eur. Phys. C70 (2010) 635

Precise determination of all form factor and their energy variation

Precise determination of the S wave pp scattering length
in =0 and =2 states
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Ke4(+-) branching fraction
measurement

K+ -> e'va'n relative to the abundant and similar topology mode K+ -> 7+ 7+ n—

N4—Nbgk A3 e(K3m)
X X X

BR(Ke4)=BR(K3 1)
N3 A4 e(Ked)

N4 Ke4 candidates : 1.11 x10°
Nbgk (relative to Ke4) : 0.95%
N3 K3x candidates :1.9 x 10°

Acceptance (Geant3 based simulation)




Ke4(+-) branching fraction
measurement

Acceptance and beam geometry 0.18
Muon Vetoing

Accidental activity

Background

Particle ID .
Radiative effect 0.08




Ke4(00) BR measurement and
reconstruction

K+ -> e*va’r’ relative to the abundant and similar topology mode
K+ -> n+n0 0 extensively studied by NA48

Eur. Phys. ] C52 (2007) 875 (CP violating Asymmetry in the Dalitz plot)
Eur. Phys. ] C64 (2009) 589 (pp scattering length measurement)

BR(K37w) = (1.761 = 0.022) % corresponding to 1.25% external
relative error

EVENT RECONSTRUCTION :

2 710 mass constraint




Ke4 signal selection

Assign to the charged track Mt mass and compute invariant mass
and the transverse momentum to the beam line.

K37 cluster at low pt and low Mk

Ke4 events have larger pt and larger spread of the invariant mass (missing v)
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Ke4(00) Background rejection

Electron identification:

Energy(LKR)/p (spectro) ~ 1

extra fake-electron rejection using a
dedicated variable (Linear Discr.) based
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Ke4(00) Dalitz plot

BKG events cluster at low MnOn0 mass and Mev = Mn
as expected if K+ -> n+n070 is the dominant source

Mev VS Mn0Or0

44 909 Ke4
candidates

[ rrr [ rrr+r|rrrrvrr 1| r 11|11 1 11 [ T T T |1
028 0.3 032 034 0936 038 04 042 0.44

s Menu Sa

598 Background
candidates

FT &F E1 7 T Toral o L1 T =k [ & F ] T & e 7
028 03 032 034 036 038 04 042 044




K3x (00)

Matrix element well modelled (including CUSP) as described by an
empirical parametrisation to our data [ Phys. Lett. B 686 (2010) 101 ]
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Ke4 (00): Br measurement

Because of trigger conditions variations with time, BR is measurent in successive
subsamples and then combined

Nke4 candidates: 44909 Nbkg =598 (1.3 %)
Nk3r candidates 70 984 882

Acceptance A41.77% A3=4.11%
Trigger efficiency e(Ke4) : 92% to 98%
ratio to ¢(K3n) ~ 1 but local deviations




Ke4(00) and (+-) : BR
measurements
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BR Ke4 (00) =

(2.595 + 0.012 stat
+ 0.025 syst
+ 0.032) 10°°




Conclusions

NA48 has analyzed ~1.13 M Ke4 (+-) and 44 K Ke4 (00) events recorded in
(2003 + 2004)

1) Improved measurements for the BR have been obtained
BR Ke4 (+-) 0.8% rel. (factor 3 improvements /PDG)
BR Ke4 (00) 1.6% rel. (factor 10 improvements /PDQG)

2) When finalized, this will allow to give precise absolute values for
all form factors of the decays




