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First Measurement of IB-DE Interference

Search for Diret CP Violation

Precise Measurement of the Decay Rate

First Observation and Measurements of BR and Decay Distribution 

New Measurements of Radiative Kaon Decays
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   Fixed target experiment in North Area of SPS 

The NA48/2 Experiment

   Simultaneous K± beams with p
K
 = 60 ± 3 GeV/c     

  Devoted to charge asymmetry studies in K±→3pi   

▪

▪

▪

NA48

NA48/1

NA48/2



  

K± beams

Beam pipe

   Main detector components:
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▪ Magnet spectrometer (4 DCHs):
   1% resolution for p=20 GeV/c 
▪ Liquid Krypton EM calorimeter 
   1.4% energy resolution for Eγ = 2GeV/c

K± → π− π+ π± : ~ 4·109

K± → π0 π0 π± : ~ 1·108

▪ Charged. Devoted to K±→ π± π+ π-  selection:
  3 charged tracks

Two main trigger modes:

▪ Neutral. Devoted to K±→ π± π0 π0 selection:
   > 2 em clusters in LKr x or y projection

Total statistics:

The NA48/2 Detector
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K±→ π±π0γ:   Theory
Inner Bremsstrahlung (IB) and Direct Emission (DE)

Two sources of γ radiation: 

Kinematic variable:

known from K±→ π±π0 

and QED ▪

▪

Interference of IB 
and 

electric DE.
No prediction.
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K±→ π±π0γ:   Theory
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K±→ π±π0γ:   Experimental Status
Previous Measurements: 

All previous DE measurements:

Kinematic range 55 < Tπ < 90 MeV∗

Assumption INT = 0

So far neither INT nor CP violation observed

E787. INT = (-0.4 ±1.6)%



  

9Rare Kaon Decays from NA48/2 / K±→ π±π0γCristina Morales 

K±→ π±π0γ:   Data Sample
New NA48/2 Measurement: 

Larger Tπ region available 
         CPV check possible

Simultaneous K+/K- beams

∗

0 < Tπ < 80 MeV∗

Background negligible:

Total K±→ π±π0γ data sample:
More than 1 million events

For the fit: restrict to 0.2 < W < 0.9 and Eγ > 5 GeV
Still 600k π±π0γ candidates

O(10-3) mistagging probability for odd γ
< 1% x DE (mainly π±π0π0)



  

10Rare Kaon Decays from NA48/2 / K±→ π±π0γCristina Morales 

K±→ π±π0γ:   Fit

Correct for acceptances with MC
Extended Maximum Likelihood Fit

Polynomial Fit
Fit ratio W (Data)/ W (IBMC) with:
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K±→ π±π0γ:   Exp. Comparison
Fit with
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K±→ π±π0γ:   Final Results

App

270
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K±→ π±π0γ:   CPV Studies
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K±→ π±γγ:   Theory
Differential                  decay rate 
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K±→ π±γγ:   Trigger
Trigger Efficiency
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K±→ π±γγ:   Branching Fraction
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K±→ π±e+e- γ  :   Branching Fraction



  

19Rare Kaon Decays from NA48/2 / K±→ π±e+e-γCristina Morales 

K±→ π±e+e- γ  :   Fit of m γee

Model Independent Measurement:
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Conclusions



  

Thank You !
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K±→ π±π0γ:   Fit

Correct for acceptances with MC
Extended Maximum Likelihood Fit
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K±→ π±π0γ:   Final Results
Systematics:
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K±→ π±π0γ:   CPV Studies
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K±→ π±π0γ:   CPV Studies
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K±→ π±π0γ:   CPV Studies
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K±→π±γγ Decays 

 O(p4) 

A: • Loop diagrams  ⇒ cusp at π+π-  threshold: 

• Tree level counterterms  ⇒ ĉ parameter
Model dependent. Predicted of O(1)

mγ γ = 2mπ+  

[Nucl.Phys.B303(1988) 665; hep-ph/0508189]
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O(p4)

A(ĉ=0)

CC: • Poles and tadpoles

 O(p6) 
• Unitarity corrections by K±→π±π+π- at O(p4) can increase BR by 30- 40% and modify spectrum

[Nucl.Phys. B386 (1996), 403]

mγ γ= 2mπ+



  

ĉ

 O(p4)

O(p4)

O(p6)
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O(p6)

E787 (Brookhaven) (1997) K±→π±γγ    ĉ = 1.8 ± 0.6 
selected events: 31 (0.16< z <0.39)          BR(K±→ π± γγ ) = (1.10 ± 0.32) x 10-6  

E949 (Brookhaven) (2005) K±→π±γγ         BR(K±→ π± γγ, z <0.04 ) < 8.3 x 10-9 

No event observed (z < 0.04)                 

NA48/2 (CERN) (2008) K±→π±e+e-γ            ĉ = 0.90 ± 0.45 
selected events: 120. Full spectrum                    

K±→π±γγ Decays 
ĉ = 0

Measurement of branching ratio and spectrum determine 
model dependent ĉ and whether O(p6) corrections explain observed rate and shape
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