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Theory motivation
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Mode Standard Model BR Experimental status

K+­p+nn (8.60°0.42)³10Ĭ11 (9.6°1.9)³10Ĭ11 (NA62 2016Ĭ24 data)

KL­p
0nn (2.94°0.15)³10Ĭ11

BR<220³10Ĭ11 at 90% CL

KOTO 2021 data [PRL134(2025) 8]

Standard Model BRs: Buras and Venturini, EPJ C82(2022) 615.

Similar results from other groups, e.g. DõAmbrosio at al., JHEP09 (2022) 148.

SM: Z-penguin and box diagrams

òGolden modesó: extremely rare decays, precise SM predictions.

× Maximum CKM suppression: ~(mt/mW)2|V* tsVtd | .

× No long-distance contributions from amplitudes with intermediate photons.

× Hadronic matrix element extracted from measured BR(Ke3) via isospin rotation.

K­pnn in the Standard Model
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K­pnn beyond the SM
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NP with

CKM-like

flavour

structure

BR(KL­p
0nn) vs BR(K+­p+nn)

× Correlations between BSM contributions to K+ and KL BRs. [JHEP 11 (2015) 166]

× Both K+ and KL must be measured to discriminate among BSM scenarios.

× Correlations with other observables ( eõ/e, DMK,  B decays). [JHEP 12 (2020) 97]

× Leptoquarks [EPJC 82 (2022) 320], NP in the neutrino sector [EPJ C84 (2024) 680],  

additional scalar/tensor contributions  [JHEP 12 (2020) 186; JHEP 10 (2024) 087].

× Green: CKM-like flavour structure

V Models with MFV

× Blue:  new flavour -violating 

interactions in which LH or RH 

couplings dominate

V Zɩ models with pure

LH/RH couplings

× The Grossman-Nir  bound:

a model-independent relation
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The NA62 experiment
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Kaon experiments at CERN
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ECN3 hall,

North Area

Jura mountains
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LHC

N

NA48

1997:  eõ/e: KL+KS

1998:   KL+KS

1999:  KL+KS KS HI

2000:  KL only KS HI

2001:  KL+KS KS HI

2002:  KS/hyperons

2003:  K+/KĬ

2004:  K+/KĬ

tests

NA62

2007:  K°e2/K°m2

2008:  K°e2/K°m2

discovery

of direct

CPV

Earlier: NA31

NA62
RK run

NA48/1

NA48/2

tests

2015: commissioning

2016Ĭ18: Run 1

2021Ĭ26: Run 2

NA62: a multi -purpose K+ (and p0) decay experiment

focused on K+­p+nn measurement to 15% precision.

Currently ~300  participants from ~30 institutions.
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The NA62 experiment
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Intensity vs time -in-spill

× One year º 1.5×1018 protons on target º 5×1012 K+ decays.

× Beam structure: ideally, uniform over a 4.8 s long spill.

× In practice, significant variations

    of instantaneous beam intensity during the spill.

SPS protons: 400 GeV, (2Ĭ3)×1012/spill.

Unseparated secondary beam:

75 GeV/c (Ñ1%); beam rate: ~500 MHz;

K+ rate: ~ 30 MHz;

K+ decays in fiducial volume: ~3 MHz
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NA62 datasets

Kaon decay dataset

Main dataset (kaon mode):

× Run 1 (2016Ĭ18): 850k  good SPS spills in 420 days.

× Run 2 (2021Ĭ26): so far, ~2.5M good SPS spills in 900+ days.

× Broad programme: rare K+/p0 decays; LNV/LFV, hidden sectors.

Beam-dump dataset: 1018 pot  collected in ~50 days:

× Dark photon, HNL, ALP exclusion results with partial datasets.
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NA62 detectors
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Run 1 beamline layout
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Upstream background to K+­p+nn:

K+ decays (or interactions) in the beamline

in the presence of accidental activity
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Run 2 beamline layout

Upstream background suppression:

× VC (veto counter) information: factor ~3;

× ANTI0 information: further 20%.

VC layout:
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Detector upgrades for Run 2
× NA62 technique proven by the Run 1 analysis [20 candidates].

× Limitation: tight selection criteria for background rejection.

× Detector upgrades in 2019Ĭ20 for background suppression :

V rearrangement of beamline elements;

V fourth kaon beam tracker (GTK) station;

V new veto counters upstream and downstream of the decay volume;

V new kaon tagger with hydrogen radiator (CEDAR-H, since 2023);

V improved TDAQ: 35% increase in beam intensity .
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K+­p+nn measurement
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K+­p+nn measurement
m2

miss=(PKĬPp)
2 vs track momentum

Region 2

Region 1

K+­p+p+pĬ

K+­p+p0p0

K+­p+p0

K+­‘+n Further background

suppression:

V PID (calorimeters, RICH):

‘ suppression ~10Ĭ8,

p ID efficiency  ~75%.

V Hermetic  photon veto:

p0­‎‎ rejection

factor 1.2×10Ĭ8.

Main K+ decay modes

(>90% of BR) rejected

kinematically .

Resolution on m2
miss:

s=1.0³10Ĭ3 GeV4/c 2.

Measured kinematic

background suppression:

V K+­p+p0:  9.4 ×10Ĭ4;

V K+­‘+n:    1.4 ×10Ĭ5.

Control data
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Beam intensity

Instantaneous beam intensity [MHz]

Beam intensity spectra
N

o
rm

a
lis

e
d
 t

o
 u

n
it
y

Signal yield vs intensity

×Optimal beam intensity determined

with the 2021Ĭ22 high-intensity data.

× Since August 2023 , operating

at I=450 MHz (75% of nominal)

to maximise the K+­p+nn signal yield.

TDAQ dead time and 

random -veto effects

Intensity over an SPS revolution cycle
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Signal sensitivity (2023Ĭ24 data)

Acceptances vs pion momentum

Trigger efficiency

correction

Overall, ƠRV=72%

Normalisation: K+­p+p0 decays collected

with a downscaled ( D0) control trigger line.

Expected SM K+­p+nn signal yield:  

K+­p+nn 

K+­p+p0

Random veto efficiency vs intensity

Overall, Ơtrig =86%
Expect 23  SM signal events
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Background from kaon decays

K+­p+p0(‎) control sample

K+­‘+n(‎) control sample

A data-driven method:
Pion momentum [GeV/c]
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K+­p+p+pĬ

K+­p+p0

K+­‘+n
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Upstream background
Upstream background:

decays or interactions of beam particles upstream of decay volume.

× The largest background source.

× Data-driven method based on the upstream reference sample (URS):

inverted condition on the distance between K+ and p+ tracks.

× Extrapolation to signal region

by fitting with two templates

extracted from data:

interaction -like and

accidental -like .

Distance between kaon and pion tracks
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Background validation

Upstream background

validation in control regions

Kaon decay

background

validation in

control regions

Upstream veto conditions

inverted or loosened
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Data-driven

Data-driven

Simulations

Background Events

× Blind analysis:  control regions are

unmasked first, signal regions later.

The most sensitive analysis yet

(improved PID and upstream

background suppression)



m2
miss spectrumm2

miss vs pion momentum

2023Ĭ24 data

2023Ĭ24 data

E. Goudzovski / A Coruña, 2 June 2026

Pion momentum [GeV/c]

The 2023Ĭ24 dataset

Signal candidates observed: 33

SM signal events expected: 23

Expected background:

Combined 2016Ĭ24 dataset

Signal candidates observed: 84

SM signal events expected: 43

Expected background:

Opening the box (2023Ĭ24 data)
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BR measurement (2016Ĭ24 data)
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Combined measurement (2016Ĭ24 dataset): 
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Numbers of events in categories

JHEP 02

(2025) 191

2021Ĭ22 2023Ĭ24 

Signal candidates (all data)

Missing mass spectrum (all data)

2016Ĭ18 

JHEP 06 

(2021) 93



Global K­pnn status 

±1„

±2„

BR(K+­p+nn) measurements
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Time evolution of BR(K+­p+nn)

Upper limit (90% CL)

Two-sided 68% range

SM prediction

The NA62 result is consistent with the SM.

The 2025Ĭ26 data is ~1/3  of the total.

Expect to improve BR precision to 15%.

A detailed shape analysis is foreseen.

K­pnn: t he global picture

B
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L
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BR(K+­p+nn) ³ 1011
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K+­p+Xinv (2016Ĭ22 data)
[JHEP 11 (2025) 143]

NA62 constraints on benchmark

FIP scenarios from K+­p+X analysis

Dark photon

Dark scalar

ALP(f)

ALP(g)

Upper limits of BR(K+­p+Xinv)

from K+­p+nn spectrum

R1

R2

Benchmark FIP scenarios

× BC2: invisible dark photon

× BC4: dark scalar

× BC10: ALP (fermion coupling)

× BC11: ALP (gluon coupling)
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Other recent NA62 results
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K+­‘+‘Ĭ‘+n measurement
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× First full lattic e computation of [Di Palma et al., arXiv:2605.22727] :

four-lepton K+ decays provide novel |V us|  measurements and LFU tests.

× Coming soon: K+­‘+‘Ĭ‘+n rate measurement using lattice form -factors.

× First observation of the K+­‘+‘Ĭ‘+n decay:

8,227  candidates with 11% background from the 2016Ĭ24 dataset.

×Rate measurement assuming ChPT form -factors: BR = (1.301°0.024)³10Ĭ8.

×Dimuon mass spectrum in agreement with ChPT expectations.
    [Bijnens, Ecker, Gasser, NP396 (1993) 81]

Squared missing mass

‘+‘Ĭ mass

[Preliminary]



K+­e+n‎ measurement
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Squared missing mass

y = 2Ee/ mK

Coming soon: form-factor measurement

in the K+­e+n‎ (SD+) decay.

Extrapolation to

the òKLOEó region

pe>200 MeV, E‎>10 MeV

[Preliminary]

signal

region:

y>0.93

×New measurement of the K+­e+n‎ decay:

18,929  candidates with 0.4% background from the 2017Ĭ18 dataset.

× Assuming ChPT form -factors, BR(Ken‎ SD+) = (0.466 °0.006)³10Ĭ5

                                                                in the region x=2E‎/mK>0.2 , y=2Ee/mK>0.93 .


