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The NA48/2 Beam
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K+ and  K- superimposed in space
Flux ratio: K+/K- ~1.8

Data taking:

2003 – 50 days

2004 – 60 days

NA48 detector

K momentum

Beams coincide within 1 mm

Kaon momentum:

60±3 GeV/c

Width ~ 5 mm

54                  60                    66  GeV/c



The NA48/2 Detectors
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NA48/2 Experiment

 Magnetic Spectrometer

Main detector components:

 Liquid Krypton EM Calorimeter

~ 1.4% resolution for charged particles with p=20 GeV/c

~ 1% resolution for particles with E=20 GeV 

beamsK±

beam pipe

σ p

p
= 1 . 0 2 % ⊕ 0 . 0 4 4 %

p
G e V / c

 Hodoscope
two planes of scintillators for fast triggering 
σt ⇠ 150 ps

 Muon veto system
three planes of scintillators, each shielded by 80 cm iron

99.9% efficient for muon with                              
σt ⇠ 350 ps

Min Bias Trigger: Coincidence of two Hodoscope hits 
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σE

E
=

3.2%
p

E / GeV
⊕

9.0%
E / GeV

⊕ 0.42%

p µ > 1 0 G e V / c

⇥E L K r > 10 GeV

Magnetic spectrometer (4 DCHs):
4 views: redundancy ⇒ efficiency 
σ(p)/p =1.0% + 0.044% p [GeV/c]

Charged hodoscope (scintillators): 
Fast  trigger and precise time
 measurement (~200 ps on single track)

Liquid Krypton E.M. Calorimeter (LKr):
10 m3 (~22 t), 1.25 m (27 X0), 13212 cells 
 granularity: 2x2 cm2, quasi-homogeneous
 σ(E)/E = 3.2%/√E + 9%/E + 0.42% [E in GeV]

Then hadronic calorimeter, large angle vetos
 and muon counter (scintillators)

Min Bias Trigger: 
Coincidence of two Hodoscope hits × ELKr > 10 GeV

3 days 
in 2004



Physics motivation
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Kl3 decays are described by two form factors f±(t), and the matrix element can be 
written as: 

f−(t) can only be measured in Kμ3 decays because of me << mK 

t = q2 is the square of the four-momentum transfer to the lepton neutrino system
f±(t) are the vector form factors 
f0(t) the scalar form factor is given by: 

        cannot be measured directly, therefore the form factors are normalised to          :

        can only be measured in         decays because of                   .

         is the vector form factor and          the scalar form factor with:

         is the square of the four-momentum transfer to the lepton neutrino system.
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       decays are described by two form factors         , and the matrix element can be 
written as:
K l3 f ±(t)

M =
GF

2
Vus(f +(t)(PK + P⇥)µūlγµ(1+ γ5)uν + f −(t)ml ūl(1+ γ5)uν)

f − ( t ) K µ3

f +(t) f 0(t)

f 0(t) = f +(t) +
t

(m2
K − m2

π )
f −(t)

By construction                     . f +(0) = f 0(0)

f +(0)

f̄+(t) =
f+(t)
f +(0)

f̄ 0(t) =
f 0(t)
f +(0)

t = q2

me << mK

f+(0)
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Physics Motivation

f+(0) cannot be measured directly, therefore the form factors are normalised to f+(0): 
        cannot be measured directly, therefore the form factors are normalised to          :

        can only be measured in         decays because of                   .

         is the vector form factor and          the scalar form factor with:

         is the square of the four-momentum transfer to the lepton neutrino system.
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Form Factor Parametrizations
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 Pole parametrization: 
Assumes the exchange of vector and scalar resonances K∗ with spin-parity 1−/0+ and 
masses mV/mS,  f+(t) can be described by K∗(892), for f0(t) no obvious dominance is 
seen: 

Linear and quadratic parametrization:  

Universität MainzK ±
µ 3 Form Factor Measurement at NA48/2 Manuel Hita-Hochgesand

Parametrizations using physical quantities are called class 1 parametrizations. They 
depend on free parameters with a physical meaning. 

Pole Parametrization:
Assumes the exchange of vector and scalar resonances       with spin-parity              and 
mass                .          can be described by               , for         no obvious dominance is 
seen

K ⇤ 1−/ 0+

mV / mS f +(t) K ⇤(892) f 0(t)

f̄ +,0(t) =
m2

V,S

m2
V,S − t

Dispersive Parametrization:

f̄+(t) = exp


t
m2

⇡
(Λ+ + H (t))

Based on a dispersive approach with the free parameters      and       . Accurate polynomial 
approximations for the dispersive integrals         and          are available. G(t) H (t)

⇤+ lnC

f̄ 0(t) = exp


t
∆ K π

(lnC − G(t))

(PLB 638(2006) 480, PRD 80(2009) 034034)
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Form Factor Parametrizations

No sensitivity to ” 0

f0(t) linear
_

Dispersive parametrization: (B. Bernard, M. Oertel, E. Passemar, J. Stern, Phys.Rev.D80(2009) 034034) 



Kaon energy [GeV]
50 55 60 65 70

E
ve

nt
s/
(G

eV
/c

)

20

40

60

80

100

120

140

160

180

200

220

310

Data

MC-Sum

]2Pion mass [GeV/c

0.12 0.125 0.13 0.135 0.14 0.145 0.15

E
ve

nt
s/
(G

eV
/c

)

20

40

60

80

100

120

140

160

180

200

310

Data

MC-Sum
 1 good                .

 1 good track.
 Muon identification using muon veto and E/P

 Pion mass cut:

 Event reconstruction

 LKr clusters and muon track consistent in time

 Missing mass cut using calculation with         hypothesis

events selected

π0

K ±

γ
γ

µ±
ν
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Track E/p

|mγγ − mP D G
⇥0 | < 10 MeV

Track E/p

e
⇡

µ

 Pµ > 10 GeV

⇡0 ! γγ

e±

 Electron identification using E/P
Pe > 5 GeV

K ±
l3

M M 2
K l 3

= (PK − Pl − Pπ0 )2 < 10 MeV2

 Kaon energy reconstruction under the assumption of a 
missing undetected neutrino within the range of:

55 GeV < EK ± < 65 GeV

events selected
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K ±
l3

2.5 ⇥ 106 K ±
µ3

K ±
e34.0 ⇥ 106

Event selection 
Event selection (1)
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Common event selection:
1 good 0 →  
  2 isolated  in LKr (D > 20 cm and D_track > 15 cm)
  E(0) > 15 GeV
Specific event selection:
K±e3
   1 charged track with p>5 GeV and E/p>0.9
   p

T
 (beam axis)>0.03 GeV/c

   (p
L
)2 =(E/c)2 – (p

T
)2 > 0.0014GeV2/c2

K±3
  1 charged track with p>10 GeV and E/p<0.9
  An associated signal in the MUV
  Cuts to remove K±→±0 (±→± )
  Cuts to remove K±→±00 (±→± and missing 0)



Event selection (2)
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Events selected:
2.91·106 K±3
4.28·106 K±e3

O(10-4 – 10-3) background contamination

Decay Br, % Bkg (e),10-3 Bkg (),10-3

K± → ±(0 → 2) 20.66 0.270 0.264

K± → ±2(0 → 2) 1.761 0.286 1.833



 Measured Dalitz plots and fit areas



 Fit procedure
The MC events, generated with a known set of FF (gen), are weighted using the 
following formula

Where  is the Dalitz plot density as a function of the leptons and pion energy in 
the Kaon rest frame. Wr is different from 1 only for Ke3 in order to take in to account 
the radiative corrections (V. Cirigliano at all., Eur. Phys. J. C23 (2002) 121–133)

The best value of FF parameters L is found minimizing the 2 estimator

Where ni
data is the population of cell i of reconstructed Dalitz plot of data after

background subtraction, ni
MC is the population of the weighted MC Dalitz plot   



 Dalitz plot projections
○ Data
+ MC fit result (quad.)
+ (Data-Bkg)/MC

Slightly significnat 
slope, within the 
radiative correction
precision. Radiative
effect uncertanty is 
included in the
systematic error

Small deviations in 
the bkg-affected region
The bkg-related uncertanties
are included in the systematic
error



 Form factors results (1)
Ke3 sample



 Form factors results (2)
K3 sample

''+ 0 MS ln[C]

'+ -0.969 0.851 MV 0.320

''+ -0.810 + 0.408

Coorrelation



 Form factors results (3)
Combined Kl3 sample for the preliminary results 

Coorrelations

''+ 0 MS ln[C]

'+ -0.954 0.076 MV -0.278

''+ -0.035 + -0.035



 Form factors results (4)

Comparison with other 
experiments



Summary 
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~4.3 M Ke3 and ~2.9 M K3 reconstructed with 2004 NA48/2 data taking

Competitive results for K3 and  smallest error for Ke3

The combined results are the most precise 
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