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Outline

ÅNA48/2 experimental setup

ÅQCD tests

Åppscattering lengths (Ke4 

and Cusp) (preliminary!)

ÅK±ŸpÑgg: BR (preliminary!)

ÅK±ŸpÑge+e- : BR and Shape
(final!)

ÅConclusions

NA48

NA48/1

NA48/2

NA62 >2010   K->pnn
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Beam Line

3

K+

Kī

BM

SPS 
proton
s @ 
400 
GeV

Width ~ 5mm

K+ /K - ~ 1mmPK spectra, 

60°3 GeV/c

54    60             66

Åfixed target experiment at CERN-SPS

Å60±3 GeV/c kaon momentum (~7x1011 ppp)

Å6.3 x 107 particles per pulse in decay region

ÅSimultaneous, unseparated, focused beams

ÅSimilar acceptance for K+ and K- decays

ÅK+/K- ~ 1.8
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Detector

4p+p0p0 invariant mass, GeV/c2

Resolution:

0.9 MeV/c2

pĄm

contribution

Spectrometer:

ůp/p = 1.0% + 0.044% p  [p in 

GeV/c]

LKR calorimeter:

ůE/E = 3.2%/ãE + 9%/E + 0.42% 

[E in GeV]

CHOD, HAC,MUV, vetos

Kabes

Beam Monitor

Å~100 m long decay region in vacuum

ÅTriggers based on LKr peaks, CHOD 

hits and DCH multiplicity

ÅSimilar acceptance between K+ and K-

beams checked reversing magnetics

fields

ÅPion decay products, from the hadronic

beam, remain into the beam pipe
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Data Taking

5

Before NA48/2

NA48/2

ÅUnprecedented statistics in many channels

ÅTwo years of data taking (2003+2004) 

ÅMain purpose was to measure direct CP violation in charged

Kaon decays, through asymmetry in Dalitz plot distribution.

ÅNew limits on CP violation in charged kaon decays

v

u

Ag=(-1.5+1.5stat+0.9trig+1.1syst)·10-4

Ag
0=(1.8+1.7stat+0.5syst)·10-4

Detector and trigger 

optimized to collect 3 pions 

events

KÑŸp±p0p0: ~1·108

KÑŸp±p+p-: ~3·109

Phys.Lett.B 634:474 482,2006                      

Phys.Lett.B 638:22-29,2006                           

Eur.Phys.J C52:875-891,2007 
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Ke4: Formalism

6

ÅThe Ke4 (K±Ÿp+p-e±n) dynamics 

is fully described by 5 (Cabibbo-

Maksymovicz) variables: Mpp
2, 

Men
2, cosqp, cosqe and f

In the partial waves expansion the 

amplitude can be written using 2 

axial and 1 vector form factors (the 

axial form factor R is suppressed in Ke4

but accessible in Km4): 

F=Fse
ids+Fpe

idpcosqp

G=Gpe
idp

H=Hpe
idp

ÅThe q2=(Mpp
2/4mp

2)-1 dependence

can be studied expanding the fitted

form factors assuming isospin

symmetry:

Fs=fs+fsôq
2+fsôôq

4+feô(Men
2/4mp

2)+...

Fp=fp+fpôq
2+...

Gp=gp+gpôq
2+...

Hp=hp+hpôq
2+...F (Fp,Fs), G, H andd=dp-ds will be

used as fit parameters
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Ke4: Selection

7

Signal selection:

Å3 tracks on spectrometer, total charge ±1

ÅMissing energy and missing Pt, compatible 

with n

ÅLKr/DCH used for electron PID 

Å2 opposite sign pions

~1150000 decays 

Main background sources:

ppp+ pŸen

pppwith p misidentified

pp0p0or p0+ p0(Dalitz) +e misidentified 

and gs outside the LKr

The background is studied 

using the electron ñwrongò

sign (WS) events (we assume 

DQ=DS and total charge ±1) 

and cross check with MC. The 

total bkg is at level of 0.5%.
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Ke4: Fitting procedure

8

ÅDefine

10(Mpp)x5(Men)x5(cosqe)x5(cosqp)x12(f)=15000 

iso-populated boxes

ÅIn each Mppbin the F,G,H and dform factors are 

extracted minimizing a log-likelihood estimator over

the 1500 boxes

ÅAll the form factors are measured relatively to fs

(no overall BR measured)

ÅK+ and K- fitted separately, and then the fitted

parameters are combined in each Mppbin

ÅThe form factors structure is studied in 10 bins of

q2 (or M2
pp

)

ÅAgreement with published results (based on 2003 

data) [Batley et al. EPJC 54-3 (2008) 411]

(2003+2004) Data MC

K+ evts 726400 17.7x10 6̂

evts/bin 48 1160

K- evts 404400 9.8x10 6̂

evts/bin 27 650

fõs/f s = 0.152±0.007 ±0.005

fõõs/f s= -0.073 ±0.007 ±0.006

f' e/f s = 0.068±0.006 ±0.007

f p/f s  = -0.048 ±0.003 ±0.004

gp/f s  = 0.868±0.010±0.010

g'p/f s = 0.089±0.017±0.013

hp/f s  = -0.398 ±0.015±0.008

(stat+syst error quoted)
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Ke4: Phase shift and ppscattering length

9

ÅThe extraction of pion scattering lengths from the 

fittedd=d
s
-d

p
phase shift needs external theoretical and 

experimental inputs:

ÅThe Roy equations provide the relation 

betweendand a0 and a2 near threshold (1) (2) 

(3)

ÅExtrapolating the data from the M
pp

>0.8 GeV

it's possible to fit the result in the threshold

region (the uncertainty from the experimental

data defines the Universal Band) 

ÅCoulomb correction (Gamow factor) and real

photons are included in simulation

ÅIsospin correction prescription given by

Gasser (4) results in 11 to 15 mrad in the fitted

Mpprange

ÅThe isospin correction is slightly greater than

the error on each point: can't be ignored!

ÅEach point in the plot has been

corrected for isospin effect: 10-15 mrad

ÅThe total error in each point is different

for each experiment:

Geneva-Saclay: 40-50 mrad

E865: 15-20 mrad

NA48/2: 7-8 mrad
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