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The NA48 detectorThe NA48 detector  

Beams

Beam pipe

   Main detector components:

• Magnetic spectrometer (4 DCHs):
   4 views/DCH: redundancy ⇒efficiency;
   used in trigger logic;
   Δp/p = 1.0% + 0.044%*p [GeV/c].
• Hodoscope
   fast trigger;
   precise time measurement (150ps).
• Liquid Krypton EM calorimeter (LKr)
   High granularity, quasi-homogenious;
   E/E = 3.2%/E1/2 + 9%/E + 0.42% [GeV];
   x=y=0.42/E1/2 + 0.6mm (1.5mm@10GeV).
• Hadron calorimeter, muon veto counters,
  photon vetoes.



NA48/2 data:NA48/2 data: 
2003 run:  ~ 50 days
2004 run:  ~ 60 days

Total statistics in 2 years:
K: ~4·109

K: ~1·108

Rare K± decays:
BR’s down to 10–9

can be measured

>200 TB of data recorded

A view of the NA48/2 beam line



Pion scattering lengths

The important free parameter of ChPT is the quark condensate <qq>, 
it determines the relative size of mass and momentum terms in the 
power expansion.

a0 and a2 are S-wave   scattering lengths in isospin states I=0 and 
I=2, correspondingly. They enter into all  scattering amplitudes.

The relation between <qq> and the scattering lengths a0 and a2 is 
known from this theory, so the experimental measurement of a0 and 
a2 provides an important constraints for ChPT Lagrangian 
parameters.
 

Pion scattering lengths are measured also in the
study of the cusp­effect in K decays 

[NA48/2 final result: EPJ C64(2009)589]





Signal (π+ π- e+/- ν) topology:

• 3 charged tracks, good vertex
• Opposite sign 2 pions
• 1 electron (Elkr /P ~ 1) 

Main background sources:

• a) K+  [π- e-ν]π+π+

• b) K+  [π0  e+e- (γ)] (π0) π+

Background has a «wrong sign» 
(WS) component (same sign pion 
charges): 1/3 for a) and 1/2 for b). 

Total background is at the level of 2 x 0.3 % (estimated from WS 
events and  checked by MC)







Ke4 formfactors: fit results

Series expansion with: 
 
• q2 = Sπ/4m
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Systematic errors are mailny bin to bin uncorrelated:
• Binning choise
• Trigger efficiency
• Acceptance control
• Background level  (the only correlated source)
• Background shape
• Electron identification
• Radiative correction



From phase shifts to pion-pion scattering lengths
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Final results of pion scattering lengths measurement
from the Ke4 and the cusp results

 68% - probability ellipses,
full uncertainties: 

combined
- Statistical,
- Systematical,
- External.
 

Cusp and Ke4 results using
Chiral constraint (shown
with a Gaussian error)

Cusp in Κ±→π±π0π0



NA48/2   Ke4 + cusp combined



Comparison with another measurements



SummarySummary

1.13 millons of fully reconstructed Κ±→π+π−ν e± (Ke4) 
decays (2003+2004 data). 
Ke4 Form Factors measured with an improved precision.
Final result with ChPT link between a

0
 and a

2
 :

        a
0
 =(stat)(syst)(theor)

is in good agreement with the cusp measurement and 
with the prediction of ChPT.     
Experimental uncertainty is at the level of theoretical 
ChPT prediction 0.220 0.005 (Colangelo, Gasser,  
Leutwyler 2000).
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