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The NA62 goal - ℬ(𝐾+ → 𝜋+νതν) measurement
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▪ Highly suppresed in the SM (GIM+CKM)

▪ Theoretically clean, with precise predicitons

ℬ𝑆𝑀1(𝐾+ → 𝜋+νതν) = (8.60 ± 0.42) ∙ 10−11 EPJC 82 (2022) 7, 615
ℬ𝑆𝑀2(𝐾+ → 𝜋+νതν) = 7.86 ± 0.61 ∙ 10−11 JHEP 09 (2022) 148

▪ Theory uncertainty driven by external contribution from 𝑉𝐶𝐾𝑀

▪ Sensitivity to new physics up to 𝑂(100 TeV)

Decay Branching
ratio Rejection method

𝐾+ → 𝜇+ν (63.56 ± 0.11)% PID and kinematics

𝐾+ → 𝜋+𝜋0 (20.67 ± 0.08)%
Photon veto

and kinematis

𝐾+ → 𝜋+𝜋+𝜋− (5.583 ± 0.024)%
Kinematics and 

hermetic detector

𝐾+ → 𝜋+𝜋−𝑒+ν (4.247 ± 0.024) ∙ 10−5 PID and 
hermetic detector

The backgrounds:



The NA62 experiemnt - beam
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▪ Decay-in-flight technique

▪ High intensity necessary to observe a (very) rare process

▪ 400 GeV/c proton beam delivered from the SPS on T10 target 

▪ An unseparated hadron beam is produced:  
70% 𝜋+,  24% p and  6% 𝐾+

▪ The 75 GeV/c momentum component (kaon maximum, 
±1% RMS)  is selected using a pair of achromats

▪ Mean intensity of 600-750 MHz

▪ Scraped magnet used to reject muon component

▪ A 50 mm tungsten plate in the path of the beam used to 
reject positrons by  inducing heavy bremsstrahlung



The NA62 experiment - detector 
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Incoming  𝐾+:
▪ Identified and timestamped by a 

differential Cherenkov counter, KTAG

▪ Momentum measured by a silicon 
beam spectrometer, GTK

Downstream detectors:
▪ Magnetic spectrometer, STRAW
▪ Ring-Imaging Cherenkov (RICH) detector for 𝜋 − 𝜇 separation above 15 GeV/c momentum
▪ Electromagnetic (LKr) and hadronic (MUV1,2) calorimeters
▪ Muon veto (ID) hodoscope MUV3
▪ Photon veto outside the LKr coverage: SAC, IRC, LAV
▪ Timing hodoscopes CHODs
▪ Additional upstream vetoes: CHANTI, ANTI0, Veto
▪ Additional dowsntream vetoes: MUV0 (not shown), HASC

HASC

Modifications of the setup in 2021:
• ANTI0, Veto added
• Additional stations for HASC, GTK



ℬ(𝐾+ → 𝜋+νതν) results (so far)
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▪ Run1 (2016-2018) analysis [JHEP 06 (2021) 093]:
• Expected SM signal, 𝑁𝑒𝑥𝑝

𝑆𝑀 = 10.01 ± 0.42

• Expected background, 𝑁𝐵 =  7.03−0.82
+1.05

• Observed events, 𝑁𝑜𝑏𝑠 = 20

▪ 2021-2022 analysis [JHEP 02 (2025) 191]:
• Expected SM signal, 𝑁𝑒𝑥𝑝

𝑆𝑀 = 10.00 ± 0.34

• Expected background, 𝑁𝐵 =  11.0−01.9
+2.1

• Observed events, 𝑁𝑜𝑏𝑠 = 31

▪ ℬ(𝐾+ → 𝜋+νതν) computed through a likelihood fit, 
with data split into categories by pion momentum
 and/or data-taking period

▪ Analysis of 2023-2024 data ongoing

▪ Data collection planned up to 2026 inclusive

ℬ𝑁𝐴62
16−22 (𝐾+ → 𝜋+νതν) = 13.0−2.9

+3.3  ∙ 10−11



NA62 Physics Programme
(in addition to 𝐾+ → 𝜋+νതν)

Precision measurements of 
𝐾+ decays

• A study of the 
𝐾+ → 𝜋0𝑒+ν𝛾 decay
[JHEP 2309 (2023) 040] ***

• Measurement of the
𝐾+ → 𝜋+𝛾𝛾 decay
[PLB 850 (2024) 138513] ***

• Measurement of
ℬ 𝐾+ → 𝜋+𝜋+𝜋−𝛾

[preliminary, KAON25]
• Measurement of

ℬ 𝐾+ → 𝑒+ν𝛾(𝑆𝐷+)
[preliminary, KAON25]

Rare and forbidden

𝐾+ decays 

• An extensive program for 
LNV/LFV 𝐾+ decays ***

• First observation of the
𝐾+ → 𝜇+ν𝜇+𝜇− decay
[preliminary, KAON25] ***

Exotics searches

• Search for leptonic decays 
of dark photons at NA62
[PRL 133 (2024) 111802] BD

• Search for hadronic decays 
of feebly-interacting 
particles at NA62
[EPJC 85 (2025) 571] BD

• Search for heavy neutral 
leptons in 𝜋+ decays to 
positrons
[submitted to PLB, 
arXiv: 2507.07345]
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Note: a selection of the most recent results ***Covered  today   BD: data collected in deam-dump mode



Precision measurements of 𝐾+ decays
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𝐾+ → 𝜋0𝑒+ν𝛾: Introduction
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M. Koval
@ KAON25



𝐾+ → 𝜋0𝑒+ν𝛾: Analysis
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M. Koval
@ KAON25
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𝐾+ → 𝜋0𝑒+ν𝛾: Results

M. Koval
@ KAON25



𝐾+ → 𝜋+𝛾𝛾 : Outline
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M. Koval
@ KAON25
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𝐾+ → 𝜋+𝛾𝛾 : Results

M. Koval
@ KAON25



𝐾+ → 𝜋+𝛾𝛾 : Results
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M. Koval
@ KAON25



First observation and branching ratio 
measurement of the 𝐾+ → 𝜇+ν𝜇+𝜇− decay
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𝐾+ → 𝜇+ν𝜇+𝜇−: Introduction
▪ The only unmeasured 𝐾+ → 𝑙+ν𝑙′+𝑙′− decay

  ℬ𝐸787 𝐾+ → 𝜇+ν𝜇+𝜇− < 7.1 ∙ 10−7 [PRL 63 (1989) 2177]

▪ Three others studied by E865 experiment at BNL
[PRL 89 (2002) 061803, PRD 73 (2006) 037101]

▪ The 𝐾+ → 𝜇+ν𝜇+𝜇− decay width is dominated by the SD contribution, 
with a ∼30 % IB component

▪ The challenge: 𝐾+ → 𝜋+𝜋+𝜋− background with ℬ = 5.583 ± 0.024 %

▪ Rate measurement with
ℬ 𝐾+ → 𝜇+ν𝜇+𝜇− =

𝑁𝐷 − 𝑁𝐵

𝐴𝑆𝑁𝐾

▪ 𝐴𝑆 estimated using a decay density 𝑂 𝑝6  χ𝑃𝑇 prediction 
[NPB 396 (1993) 81-118]

▪  𝐾+ → 𝜋+𝜇+𝜇− used as normalisation
• 𝑁𝐾 =

𝑁𝜋𝜇𝜇

𝐴𝑁ℬ 𝐾+→𝜋+𝜇+𝜇−

• Collected with the same trigger line, the Dimuon
• Similar final state allows to minimise systematics
• The NA62 Run1 analysis gave 𝐵𝑅𝑁𝐴62 (𝐾+ → 𝜋+𝜇+𝜇−) = (9.15 ± 0.08) ∙ 10−8
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𝐾+ → 𝜇+ν𝜇+𝜇−: Datasets and event selections 
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−: Normalisation channel
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−: Signal selection
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−: Background modelling
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−: Background composition
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−: 
Validation of the signal decay density model
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−: Branching ratio result
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A. Tomczak 
@ KAON25



𝐾+ → 𝜇+ν𝜇+𝜇−:  
Comparison with theory and outlook
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A. Tomczak 
@ KAON25



Searches for LNV/LFV in 𝐾+ decays 
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LNV/LFV in 𝐾+ decays : Introduction
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• Current studies use 
the Run1 (2017-18) 
dataset

• Changes to trigger 
configuration allowed 
to significantly reduce 
the dowscaling for the 
Multi-Track lines from 
2023 onwards

E. Goudzovski
@ KAON25



𝐾+ → 𝜋−𝑒+𝑒+
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• NA62 has collected
world’s largest
𝐾+ → 𝜋+𝑒+𝑒− 
sample

• The SM analysis is in 
progress

E. Goudzovski
@ KAON25

[PLB 830 (2022) 137172]



𝐾+ → 𝜋−𝜇+𝜇+
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• Normalised using a 
pre-NA62 
𝐵𝑅(𝐾+ → 𝜋+𝜇+𝜇−)

• The SM NA62 Run1 
analysis gave

𝐵𝑅𝑁𝐴62 (𝐾+ → 𝜋+𝜇+𝜇−) =
(9.15 ± 0.08) ∙ 10−8

• Run2 SM analysis in 
progress

E. Goudzovski
@ KAON25

[PLB 797 (2019) 134794]



𝐾+ → 𝜋−𝜋0𝑒+𝑒+ and 𝐾+ → 𝜇−ν𝑒+𝑒+

17/09/2025 AMT: Recent NA62 results 29

• Normalised using
𝐾+ → 𝜋+𝑒+𝑒−

• See 𝐾+ → 𝜋−𝑒+𝑒+ slide

E. Goudzovski
@ KAON25

[PLB 830 (2022) 137172]
[PLB 838 (2023) 137679]



𝐾+ → 𝜋𝜇𝑒
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• Normalised using 
𝐾+ → 𝜋+𝜋+𝜋−

• 𝐾+ → 𝜋+𝜇+𝑒− not 
competitive with 
E865 @ BNL

E. Goudzovski
@ KAON25

[PRL 127 (2021) 131802]



𝐾+ → 𝜋0𝜋𝜇𝑒
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E. Goudzovski
@ KAON25

• Normalised using
𝐾+ → 𝜋+𝑒+𝑒−

• See 𝐾+ → 𝜋−𝑒+𝑒+ slide

[PLB 859 (2024) 139122]



Searches for LNV/LFV in 𝐾+ decays: summary
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E. Goudzovski
@ KAON25



Summary
▪ The NA62 experiment has a broad physics programme including 𝐾+ and 𝜋0 decays

and dump-mode operation

▪ The recent physics results (based on the Run1 dataset) include the studies of
𝐾+ → 𝜋0𝑒+ν𝛾 and 𝐾+ → 𝜋+𝛾𝛾 processes and a comprehensive programme of 

searches for LNV/LFV  decays

▪ The 𝐾+ → 𝜇+ν𝜇+𝜇− decay was observed for the first time with 2017-2024 NA62 data

▪ NA62 continues collecting data until LS3

▪ The complete NA62 dataset (Run1+Run2) promises unprecendented precission for 
measurements in the 𝐾+ sector, see K.Massri’s talk @ KAON25
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AMT: Recent NA62 results

Thank you for listening!
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