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K → πνν decay

FCNC decay suppressed in SM by GIM mechanism
Dominated by short distance - top quark loop
Hadronic form factor extracted from B(K+ → π+l+νl )

SM prediction depends on CKM parameters
Constrains unitarity triangle
Sensitive to BSM physics contributions – K+ and KL
modes correlated

Experimental status B × 10−11

(10.6+4.0
−3.4|stat ± 0.9|syst), NA62 [JHEP06(2021)093]

< 220, KOTO 2021 [PRL134(2025)081802]

[JHEP11(2015)166]
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NA62 Experiment

High precision Kaon experiment
Fixed target
Kaons decaying in flight

Broad physics program
Precision measurements of K+ and π0

decays
Rare K+ decays
LNV/LFV searches
Direct exotics searches

Main goal: measurement of
B(K+ → π+νν)

NA62 Run 1:
422 days
B = 10.6+4.0

−3.4|stat ± 0.9|syst
[JHEP 06 (2021) 093]

NEW - This talk
300 days

2016 20212017 2018 20232022 20252024Commissioning LHC LS2 2026
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Measurement strategy
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Measurement strategy
Main K+ decays:

Decay B
K+ → µ+ν (Kµ2) 64 × 10−2

K+ → π+π0 (K2π) 21 × 10−2

K+ → π+π+π− (K3π) 5.6 × 10−2

K+ → π+π−e+ν (Ke4) 4.2 × 10−5
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Measurement strategy

Signal selection:
Tag K+, measure momentum
Identify π+, measure momentum
K+ – π+ matching, reconstruct vertex
Reject additional activity

Main K+ decays:
Decay B

K+ → µ+ν (Kµ2) 64 × 10−2

K+ → π+π0 (K2π) 21 × 10−2

K+ → π+π+π− (K3π) 5.6 × 10−2

K+ → π+π−e+ν (Ke4) 4.2 × 10−5

[JHEP06(2021)093]

Performance:
O(100)ps timing between subdetectors
O(104) bckg. suppression from kinematics
> 107 µ+ and π0 rejection
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NA62 Beamline, Detector and Datasets

Detector designed for K+ → π+νν study

K+ decay-in-flight technique: unseparated hadron beam (70% π+, 23% p, 6% K+),
nominal intensity 600 MHz, K+ momentum 75 GeV/c, 75 m long vacuum decay region
Tracking: beam particles (GTK), decay products (STRAW)
PID: K+ (KTAG), π+/µ+ (RICH)
Veto systems: upstream interactions (CHANTI, ANTI0, Veto), γ (LAV, LKr, IRC, SAC),
µ+ (MUV3)
Trigger and timing: hodoscopes (CHOD), Calorimeters: (LKr, MUV1, MUV2)
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Updates in 2021-2022 data
Detector:

4th station of beam spectrometer GTK - improve
tracking performance
2nd station of GTK moved upstream of scraper -
reduce background from beam interactions

new upstream veto scintillator - detect particles
produced in upstream K+ decays
new upstream veto hodoscope - detect charged
particles from the upstream region outside of
CHANTI acceptance
2nd HASC station at the end of beamline -
enhance rejection capabilities

Other:
increase of average beam intensity by ∼ 35%
improvements of trigger configuration
signal selection updates
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Signal expectation

Nexp
πνν = NππD

B(πνν)
B(ππ)

Aπνν

Aππ
ϵtrig ϵRV

Nexp
πνν - expected SM signal events

Nππ - normalization K+ → π+π0 events
D - trigger downscaling
B(πνν), B(ππ) - from SM

Aπνν , Aππ - selection acceptances
ϵtrig - trigger efficiency
1 − ϵRV - probability of a signal event to be vetoed due
to accidental activity

2021-2022 2018
beam intensity 600 MHz 400 MHz

Aπνν (7.62 ± 0.2)% (6.37 ± 0.6)%
Aππ 13.4% 11.8%
ϵtrig (85.9 ± 1.4)% (89 ± 5)%
ϵRV (63.2 ± 0.6)% (66 ± 1)%

Nexp
πνν 9.91 ± 0.34 10.01 ± 0.42
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Background summary
Same strategy for the three main K+ decays:

Nπ+π0 (SR) = N(π+π0)fπ+π0 (SR)

Nπ+π0 (SR) - expected K+ → π+π0 events in SR

N(π+π0) - events in π+π0 region after signal
selection
fπ+π0 (SR) - kinematic tail fraction (ratio of events in
π+π0 region to signal region, measured on control
sample)

Other K+ decays in fiducial volume: estimated with
MC
Upstream background: fully data-driven, 10
samples enhanced by different mechanisms

K+ → π+π0(γ) 0.83 ± 0.05
K+ → µ+ν(γ) 1.70 ± 0.47

K+ → π+π+π− 0.11 ± 0.03
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Results 2021+2022

Expected SM signal 9.91 ± 0.34
Estimated background 11.0+2.1

−1.9

Observed 31

[JHEP02(2025)191]

B(K+ → π+νν) = (16.2+4.9
−4.3|stat ± 1.4syst) × 10−11 at 68%CL
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Results 2016-2022

Estimated background 18+3
−2

Observed 51

[JHEP02(2025)191]

B(K+ → π+νν) = (13.0+3.0
−2.7|stat ± 1.3syst) × 10−11 at 68%CL
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Conclusion

First observation of K+ → π+νν

Background-only hypothesis rejected with
significance above 5σ

Result consistent with previous
measurement
In agreement with SM within 2σ

Precision improved to 25%
Large data set yet to be analyzed
(2023 – 2026)
NA62 will take data until summer 2026

[JHEP02(2025)191]
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