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Precision measurements with 
Kaons at CERN

1. First measurement of 𝐾± → 𝜋"𝜋"𝜇±𝜈 [PRELIMINARY] 
2. New study of 𝐾# → 𝜋"𝑒#𝜈𝛾 [PRELIMINARY]
3. Measurement of 𝐾# → 𝜋#𝜇#𝜇$ [PRELIMINARY]



Kaon physics at CERN
• Significant history of kaon physics experiments in 

the CERN North Area (NA)

• Today I will show results from NA48/2 and NA62
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Recent history of NA kaon experiments

1984 
↓

1990
NA31 (KS/KL)

First evidence of 
direct CPV

1997 
↓ 

2001
NA48 (KS/KL)

Re ε’/ε Discovery 
of direct CPV

2002 NA48/1 
(KS/hyperons)

Rare KS and 
hyperon decays

2003 
↓ 

2004 
NA48/2 (K+/K-) Direct CPV 

Rare K+ / K- decays

2007 
↓ 

2008

NA62 RK phase 
(K+/K-) RK = K±eν/K±µν

2016 
↓ 

2018
NA62 (K+)

K+→π+νν
Rare K+ and π0

decays



The NA48/2 beamline
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Two charged beams:
• 6% of 𝐾±
• 𝑃" ≈ 60 GeV/𝑐
• Δ𝑃"/ 𝑃" ≈ ±3.8%

KABES (kaon beam
spectrometer):
• 𝜎 𝑋, 𝑌 ∼ 800𝜇m
• 𝜎 𝑃" ∼ 1%
• 𝜎 𝑇 ∼ 600ps

https://www.sciencedirect.com/science/article/pii/S016890020401647X


The NA48/2 detector
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First measurement of 𝐾± → 𝜋"𝜋"𝜇±𝜈

07/06/2022 Precision measurements with Kaons at CERN

6

• To simulate 𝐾± → 𝜋#𝜋#𝜇±𝜈 decays, can use parameterisation of 𝐹 𝑆$, 𝑆ℓ from 𝐾&'## measurements
[NA48/2 JHEP 08 (2014) 159]

• The only available source of 𝑅 𝑆$, 𝑆ℓ is ChPT calculation
[J. Bijnes, G. Colangelo, J. Gasser, Nucl. Phys. B 427 (1994) 427]

https://link.springer.com/article/10.1007/JHEP08(2014)159
https://www.sciencedirect.com/science/article/abs/pii/0550321394906343


Event selection
• Signal is 𝐾± → 𝜋"𝜋"𝜇±𝜈
• Normalised to 𝐾± → 𝜋±𝜋"𝜋"

• Event selection: 4 isolated photons consistent 
with 2𝜋" matched in time and space with a 
KABES beam track and a DCH track with 
associated MUV response

• The main background is 𝐾± → 𝜋±𝜋"𝜋" with 
𝜋± → 𝜇±𝜈 decay-in-flight before LKr

• Cuts imposed on 3-pion mass and 𝑝#, missing 
mass, and cos(𝜃ℓ)

• Number of background events extracted from a 
fit to missing mass sidebands
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2437 candidates in signal region
354 ± 33()*) background events



Full and restricted phase-space
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Ingredients to the branching ratio
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Systematic uncertainties
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Comparison to theory predictions
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13The NA62 experiment
NA62 is a kaon physics experiment based at the CERN North Area (NA)
It uses 400 GeV/𝑐 protons extracted from the CERN super-proton synchrotron (SPS)
to perform decay-in-flight measurements of (ultra) rare kaon decays



The NA62 detector
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400 GeV/𝑐 protons from CERN SPS

Slow extraction in ‘spills’ of 5 seconds

• Proton-target interactions + achromatic selector forms secondary hadron beam with 𝑝 ≈ 75 𝐺𝑒𝑉/𝑐
• There are 750MHz of particles in the secondary beam; 6% are 𝐾% (45MHz)

• Measurement of all beam particles by kaon tagger KTAG and beam-particle tracker GTK
• About 15% of 𝐾% decay within the ∼ 75m vacuum decay region, which defines the experiments fiducial volume
• Measurement of 𝐾% decay products by the STRAW tracker and CHOD detectors
• Particle identification by the RICH, the LKr and MUV calorimeters, and the MUV3 detector
• Hermetic photon veto provided by the LAV, LKr, IRC, SAC photon detectors

[JINST 12 P05025]

https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025


New study of 𝐾! → 𝜋"𝑒!𝜈𝛾
• The 𝐾% → 𝜋"𝑒%𝜈𝛾 decay is a radiative decay described in 

ChPT, with the photon produced either via direct emission 
(DE) and inner bremstrahlung (IB)

• The IB amplitude diverges when 𝐸& → 0 and 𝜃',& → 0

• Measure branching fraction ratio R = 𝐵𝑅(𝜋"𝑒%𝜈𝛾)/
BR 𝜋"𝑒𝜈 in 3 kinematic regions 𝑅)
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Phys. Rev. D 65 (2002) 054038
Eur. Phys. J. C 50 (2007) 557
Phys. Atom. Nucl. 74 (2011) 1214

Phys. Atom. Nucl.70, 29 (2007)

arxiv:2010.07983

https://www.sciencedirect.com/science/article/abs/pii/055032139390259R
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.65.054038
https://link.springer.com/article/10.1140/epjc/s10052-007-0215-9
https://link.springer.com/article/10.1134/S1063778811080102
https://link.springer.com/article/10.1134/S1063778807040114
https://arxiv.org/abs/2010.07983


New study of 𝐾! → 𝜋"𝑒!𝜈𝛾
• The decay is also sensitive to a T-odd observable 𝜉, with asymmetry in 𝜉 defined as 𝐴*

• Expect 𝐴* < 10+, in SM and beyond; non-zero due to NLO electromagnetic corrections

• Exisiting measurement from ISTRA+

• No measurement in regions 1 or 2
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• Branching fraction measurements normalised to 𝐾% → 𝜋"𝑒%𝜈
• Event selection based on 𝐾% associated to 𝑒%, 𝜋" → 𝛾𝛾 reconstructed in LKr

• Radiative 𝛾 must be in-time with the event and isolated; other activity not allowed to suppress 
𝐾% → 𝜋"𝜋"𝑒%𝜈; cuts to remove 𝛾 from bremstrahlung and supress 𝐾% → 𝜋%𝜋"𝜋" and 𝐾% → 𝜋%𝜋"

• Obtain 66M normalisation events and 130k signal events (R1) with 0.5% background contamination

Event selection
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Results and systematics
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Measurements of 𝐴#
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• First ever measurements of 𝑅- and 𝑅. T-asymmetry

• 𝑅/ T-asymmetry precision improved by a factor greater than 3



• The 𝐾% → 𝜋%ℓ%ℓ+ decay is a Flavour Changing Neutral Current 𝑠 → 𝑑ℓℓ process

• The SM branching  fraction is O 10+0 ; dominated by long-distance effects
[Nucl. Phys. B291 (1987) 692–719], [JHEP 08 (1998) 004], [Phys. Part. Nucl. Lett. 5 (2008) 76–84], [Eur. Phys. J. C70 (2010) 219–231]

• The form factor is parameterised by two coefficients: 𝑎% and 𝑏%

• Short distance physics can be extracted by comparing 𝑎% and 𝑏% between 𝜋%𝜇%𝜇% and 𝜋%𝑒%𝑒+ as 
the SM predicts them to be identical: a probe of Lepton Flavour Universality

• The 𝑎% parameter can be related to B anomalies (assuming MFV) [Phys. Rev. D 93, 074038 (2016)]
• Largest uncertainty on 𝑎% is in the dimuon mode

Measurement of 𝐾! → 𝜋!𝜇!𝜇#
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Event selection
• Normalised to 𝐾% → 𝜋%𝜋%𝜋+. Events selected by reconstructing three-track vertices, and looking for 

associated 𝐾% and muon signatures. Kinematic cuts to further suppress 𝐾% → 𝜋%𝜋%𝜋+ backgrounds

• 𝟐. 𝟕𝟖×𝟏𝟎𝟖 normalisation events, 28011 signal events (9x larger than earlier measurement)
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Fit to the form-factor parameters
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Fitting procedure:

• 𝑧 spectrum of simulated K% → 𝜋%𝜇%𝜇+ events 
reweighted to best fit the data by minimising 
𝜒.(𝑎, 𝑏)



Comparison with existing measurements
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• The NA62 measurement of 𝑎%
22 is the worlds 

most precise determination

• The result is consistent with the earlier 
NA48/2 measurement, and is consistent with 
existing measurements of 𝑎%''

• No indication of discrepancy with SM 
predictions, including LFU violation

Phys. Rev. Lett. 83 (1999) 4482-4485

Phys. Lett. B 677 (2009) 246-254

Phys. Lett. B 697 (2011) 107-115

𝑒𝑒

𝑒𝑒

𝜇𝜇

𝜇𝜇



Summary
1. First observation and BR measurement of 𝐾± → 𝜋"𝜋"𝜇±𝜈 by NA48/2 [PRELIMINARY]

• Restricted phase-space: 
𝐵𝑅(𝑆ℓ > 0.03) = 0.65 ± 0.019&'(' ± 0.024&)&' ×10*+ = 0.65 ± 0.03 ×10*+

• Full phase-space result: 
𝐵𝑅 = 3.4 ± 0.10&'(' ± 0.13&)&' ×10*+ = 3.4 ± 0.2 ×10*+

• Consistent with contribution from R form-factor, as expected from ChPT.

2. New study of 𝐾% → 𝜋"𝑒%𝜈𝛾 by NA62 [PRELIMINARY]
• Precision of 𝑅, measurements improved by factors between 2.0 and 3.6
• First T-asymmetry measurements in 𝑅- and 𝑅., improved result on 𝑅/ by factor 3
• T-asymmetry results compatible with zero

3. Measurement of 𝐾% → 𝜋%𝜇%𝜇* by NA62 [PRELIMINARY]
• Most precise measurements of 𝑎% and 𝑏% parameters and branching ratio
• No hints of lepton non-universality
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Note: 𝑎+ measurement limited by statistical uncertainty
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