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THE K ŸƜƙƙDECAYS

Á FCNC s Ÿ d, highly suppressed

Á Theoretically clean, dominated by short distance

Á Hadronic matrix element extracted from K+ŸƜ0Љ+ƙ

Á SM prediction limited by precision on CKM matrix elements

Benchmark value for this talk: ּק(K+ŸƜ+ƙƙ)SM= 8.4 × 10-11

Á K ŸƜƙƙconstrain the unitarity triangle

charm

STANDARD MODEL

1011×(K+ŸƜ+ƙƙ)קּ KL)קּ ŸƜ
0ƙƙ)×1011

D'Ambrosio et al.
[JHEP 09 (2022) 148]

7.86 ± 0.61 2.68 ± 0.30

Buras et al.
[EPJC 82 (2022) 615]

8.60 ± 0.42 2.94 ± 0.15
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Á SM prediction limited by precision on CKM matrix elements

Benchmark value for this talk: ּק(K+ŸƜ+ƙƙ)SM= 8.4 × 10-11

Á K ŸƜƙƙconstrain the unitarity triangle

10-11×(K+ŸƜ+ƙƙ)קּ KL)קּ ŸƜ
0ƙƙ)×10-11

D'Ambrosio et al.
[JHEP 09 (2022) 148]

7.86 ± 0.61 2.68 ± 0.30

Buras et al.
[EPJC 82 (2022) 615]

8.60 ± 0.42 2.94 ± 0.15

Experimental

status

13.0 3.0
3.3

NA62 2016ȓ2022
[JHEP 02 (2025) 191]

< 220 @ 90% CL

KOTO 2021
[PRL 134 (2025) 081802]
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THE K ŸƜƙƙDECAYS

Correlation between neutral and charged channels

Á Model-independent Grossman-Nir bound [PLB 398 (1997) 163]

KLŸƜקּ
0ƙƙ/ʐ

KL

K+ŸƜ+ƙƙ/ʐקּ
K

Ṃ 1

Á New Z' boson [JHEP 11 (2015) 166, JHEP 12 (2020) 097]

Á Minimal Flavour Violation: Z' with CKM-like structure

Á Z' with pure LH / RH couplings

Á General Z'

Á Majorana neutrinos [ JHEP 12 (2020) 186, EPJC 84 (2024) 680]

Á Leptoquarks [JHEP 02 (2018) 101, EPJC 82 (2022) 320, PLB 835 (2022) 137525]

Á General LFUV / LNV correlating with rare b decays 
[EPJC 77 (2017) 618, PLB 809 (2020) 135769, JHEP 10 (2024) 087]

BEYOND THE STANDARD MODEL
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~250 collaborators from ~35 institutes

High-precision kaon experiment

Á Technique: Fixed target & decay in flight

Main goal: measurement of ּק(K+ŸƜ+ƙƙ)

Broad physics program
[see backup for refs]

Á Rare K+ decays

Á Search for LNV / LFV 

Á Direct exotic searches

THE NA62 EXPERIMENT

L. Bician, later today
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Main goal: measurement of ּק(K+ŸƜ+ƙƙ)

Broad physics program
[see backup for refs]

Á Rare K+ decays

Á Search for LNV / LFV 

Á Direct exotic searches

THE NA62 EXPERIMENT

Commissioning LS22016 2017 2018 2021 2022 2023 2024 2025 2026
45 days 160 days 217 days upgrades 85 days 215 days 140 days 185 days

this talk

L. Bician, later today
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PREVIOUS NA62 RESULTS
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2018 S2 2021 ȓ2022
[PRD 79 (2009) 092004]

[JHEP 06 (2021) 093]

[JHEP 02 (2025) 191]

20162022(K+ŸƜ+ƙƙ)קּ
NA62 = (13.0 2.7

3.0|stat 1.3
1.3|syst) ×10-11 = (13.0 3.0

3.3) ×10-11

N(bkg) = 18 2
3, N(obs) = 51 Significance > 5Ɵ

R. FIORENZA (NA62) ȓ04/03/2026 LA THUILE

Smallest BR ever measured at >5 Ɵsignal significance
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EXPERIMENTAL STRATEGY

Main K + (bkg) decay modes קּ

K+ŸƘ+ƙ 64%

K+ŸƜ+Ɯ0 21%

K+ŸƜ+Ɯ+Ɯ 5.6%

K+ŸƜ+Ɯe+ƙ 4.3 × 10-5

K+ŸƜ+ƙƙ O(10-10)
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Main K + (bkg) decay modes קּ

K+ŸƘ+ƙ 64%

K+ŸƜ+Ɯ0 21%

K+ŸƜ+Ɯ+Ɯ 5.6%

K+ŸƜ+Ɯe+ƙ 4.3 × 10-5

mmiss
2 = (PKȓPƜ)

2

Á O(104) bkg suppression from kinematics

Á O(107) Ƙ+ rejection

Á O(108) Ɯ0 rejection

Á O(1013) K+ decays

Á Blind analysis

Keystones

six bins

K+ŸƜ+ƙƙ O(10-10)
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THE NA62 DETECTOR

R. FIORENZA (NA62) ȓ04/03/2026 LA THUILE

Panorama effect: not curved in reality!
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THE NA62 DETECTOR

[ JINST 12 (2017) P05025]
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THE NA62 DETECTOR

SPS protons

400 GeV/c on Be

75 GeV/c, 600 MHz beam

K+(6%) / Ɯ+(70%) / p(24%)

[ JINST 12 (2017) P05025]
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K+ identification

GigaTracKer,

beam spectrometer
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Upstream

vetoes
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SPS protons

400 GeV/c on Be

75 GeV/c, 600 MHz beam

K+(6%) / Ɯ+(70%) / p(24%)

K+ identification

GigaTracKer,

beam spectrometer Fiducial volume (60 m)

Spectrometer

Ɯ+ /Ƙ+ identification

Large Angle 

photon Veto

Calorimeter
Small Angle 

photon Veto

Trigger and timing

[ JINST 12 (2017) P05025]

Upstream

vetoes

MUon Veto
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OPTIMAL INTENSITY

Á Saturation due to paralyzable dead time

Á TDAQ dead time

Á Trigger veto

Á Offline veto

Á Operated at 450 MHz (75% of full intensity)

since August 2023

Studies on 2023 data
(intensity scan)

Full intensity75%

Slope depends on 

signal acceptance 

at 0 intensity

Uncertainty of 

the model

R. FIORENZA (NA62) ȓ04/03/2026 LA THUILE

[SPSC-SR-345]
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OPTIMAL INTENSITY

Á Saturation due to paralyzable dead time

Á TDAQ dead time

Á Trigger veto

Á Offline veto

Á Operated at 450 MHz (75% of full intensity)

since August 2023

Studies on 2023 data
(intensity scan)

ÁAverage collected spills per day: 2.7k (+40%)

ÁFraction of good data quality spills: 0.93 (+20%)

ÁAverage SM Ɯƙƙ/ spill: 26 × 10-6 (+5%)

2023-2024 data collection (wrt 2022 data)

assuming ּקSM = 8.4 × 10-11

Full intensity75%

Slope depends on 

signal acceptance 

at 0 intensity

Uncertainty of 

the model

2023-2024 dataset larger and better quality
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[SPSC-SR-345]
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SIGNAL SENSITIVITY

NƜƙƙ
exp= NƜƜD

SM(Ɯƙƙ)קּ
(ƜƜ)קּ

AƜƙƙ
AƜƜ
Ƒtrigger ƑRV

Expected SM

signal events

Normalization

K+ŸƜ+Ɯ0 events

External 

inputs

Selection 

acceptances

Trigger 

downscaling

Trigger

efficiency ratio
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SIGNAL SENSITIVITY

2021-2022
[JHEP 02 (2025) 191]

N(ƜƜ) 1.95 × 108

A(ƜƜ) (13.410 ± 0.005) %

A(Ɯƙƙ) (7.62 ± 0.22) %

Ƒ(trigger) (85.9 ± 1.4) %

Ƒ(RV) (63.2 ± 0.6) %

N(Ɯƙƙ,exp) 9.9 ± 0.3

NƜƙƙ
exp= NƜƜD

SM(Ɯƙƙ)קּ
(ƜƜ)קּ

AƜƙƙ
AƜƜ
Ƒtrigger ƑRV

Expected SM

signal events

Normalization

K+ŸƜ+Ɯ0 events

External 

inputs

Selection 

acceptances

Trigger 

downscaling

Trigger

efficiency ratio

2023-2024 data
1 ȓƑRV = probability of a 

signal event to be vetoed 

by accidental activity

Random veto efficiency

NA62 preliminary

LA THUILE

2023-2024
(this analysis)

3.93 × 108

(12.971 ± 0.009) %

(7.36 ± 0.33) %

(86.4 ± 1.2) %

(72.3 ± 0.7) %

22.9 ± 1.1

Á 2x normalization statistics

Á 1.14xrandom veto efficiency (600 Ÿ 450 MHz)

Á 2.3x signal statistics expected



UPSTREAM BACKGROUND DEFINITION

Y

Z

not to scale

Decays or interactions of 

beam particles upstream of 

fiducial volume

62% of total background

Example

event:
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BACKGROUNDS

2021-2022
[JHEP 02 (2025) 191]

K+ŸƜ+Ɯ0(Ə) 0.83 ± 0.05

K+ŸƘ+ƙ(Ə) 1.70 ± 0.47

K+ŸƜ+Ɯ+Ɯ 0.11 ± 0.03

K+ŸƜ+Ɯe+ƙ 0.89 0.27
0.33

Upstream 7.4 1.8
2.1

Background 11.0 1.9
2.1

data-driven

estimated with MC

fully data-driven

Á Better Ɯ0 rejection

Á Better Ƙ+ mis-ID

Á Upstream background rejection improved

N(Ɯƙƙ,exp) 9.9 ± 0.3 22.9 ± 1.1

R. FIORENZA (NA62) ȓ04/03/2026 LA THUILE

2023-2024
(this analysis)

1.19 ± 0.10

1.39 ± 0.29

0.24 ± 0.05

1.59 0.43
0.51

7.4 2.2
2.8

11.9 2.3
2.9
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K+ŸƜ+Ɯ+Ɯ 0.11 ± 0.03

K+ŸƜ+Ɯe+ƙ 0.89 0.27
0.33

Upstream 7.4 1.8
2.1

Background 11.0 1.9
2.1

data-driven

estimated with MC

fully data-driven

Á Better Ɯ0 rejection

Á Better Ƙ+ mis-ID

Á Upstream background rejection improved

N(Ɯƙƙ,exp)

By far, the most sensitive 

dataset we analyzed!

S+B/Så0.25
previous analyses: ~0.5

Combining with previous datasets,

N(bkg) = 303
4, N(Ɯƙƙ,exp) = 43 ± 1   

Ÿ expected SM significance > 5 Ɵ

9.9 ± 0.3 22.9 ± 1.1
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CEDAR-H

CEDAR-H: 99.7%

CEDAR-W: 99.5%

K+ ID efficiency
(5-fold coincidence)

[JINST 19 (2024) P05005]

CEDAR-H: 0.7% X0

CEDAR-W: 3.9% X0

Material budget
(N2 at 1.61 bar Ÿ H2 at 3.85 bar)

NEW
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4D BEAM TRACKING MACHINE LEARNING

Clusters

Transformer Classifier

Features Link existence score

Max edge 

selection

Tracks

NEW
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4D BEAM TRACKING MACHINE LEARNING

Clusters

Transformer Classifier

Features Link existence score

Max edge 

selection

Tracks
K+-Ɯ+ matching efficiency: 79% Mistag, K+ not reconstructed: 4%

( 2% wrt 2021-2022) 

Mistag, K+ reconstructed: 2% 

NEW

K+ŸƜ+Ɯ+Ɯ data sample

average

NA62 preliminary NA62 preliminary

average
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LA THUILE

CALORIMETRIC PARTICLE ID MACHINE LEARNING

Á Single merged Ƙ+Əcluster mis-ID as Ɯ+

Á Veto: mmiss,ƘƙƏ
2 = (PKȓPƘȓPƏ)

2å0

Ə-like

MIP

Expected

track

position

Dead cells

K+ ŸƘ+ƙƏbackground
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LA THUILE

Convolutional Neural Network

Á Inputs: Calo E/p images in time slices (19k numbers)

Á Model: ResNet architecture (2.8M parameters)

CALORIMETRIC PARTICLE ID MACHINE LEARNING

Á Single merged Ƙ+Əcluster mis-ID as Ɯ+

Á Veto: mmiss,ƘƙƏ
2 = (PKȓPƘȓPƏ)

2å0

N(K+ŸƘ+ƙ) reduced by 16%

N(K+ŸƘ+ƙƏ) reduced by 70%

Ə-like

MIP

Expected

track

position

Dead cells

K+ ŸƘ+ƙƏbackground

R. FIORENZA (NA62) ȓ04/03/2026 13/22
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INELASTIC INTERACTIONS VETO

Z

X

Up to 2022

Á LAV2+ trigger veto, 6 ns window

Á Offline CHANTI veto

Since 2023

Á Relaxedtrigger veto
(only LAVs downstream of K-Ɯvertex, 4 ns window)

Á Offline CHANTI & LAV1 veto

Veto strategy
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INELASTIC INTERACTIONS VETO

Z

X

Up to 2022

Á LAV2+ trigger veto, 6 ns window

Á Offline CHANTI veto

Since 2023

Á Relaxedtrigger veto
(only LAVs downstream of K-Ɯvertex, 4 ns window)

Á Offline CHANTI & LAV1 veto

Veto strategy

Á Inelastic interactions control sample enlarged 10x

Á LAV1 veto very effective, with O(%) signal loss

Á LAV1 veto reduces the total background by 30%

in 2023-2024 dataset
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UPSTREAM BACKGROUND ESTIMATION

Template fit range

Uncertainty:

20%(stat) ṥ 15%(syst)

N(Upstream) = 7.4 2.2
2.8

S
IG

N
A

L

Á Fully data-drivenestimation

Á Upstream Reference Sample: enriched of

all known upstream background mechanisms

Á CDA: Closest Distance of Approach

between the K+ and Ɯ+ tracks

Á Extrapolation to Signal Region via template fit
(previously using a linear approximation)

Á Two templates from data:

accidental-like and interaction-like

Á New understanding:

dominated by accidental-like events

NA62 preliminary
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1. K ŸƜƙƙ& NA62

2. ANALYSIS & IMPROVEMENTS

3. VALIDATION & RESULTS
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BACKGROUND VALIDATION K+ DECAYS IN FIDUCIAL VOLUME

p-value = 0.65

NA62 preliminary
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BACKGROUND VALIDATION
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Samples enriched with different upstream background mechanisms

NA62 preliminary

p-value = 0.79

UPSTREAM BACKGROUND

16/22
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2023-2024 DATASET OBSERVED EVENTS

ÁExpected SM signal: 22.9 ± 1.1

ÁEstimated background: 11.92.3
2.9

Á

assuming ּקSM = 8.4 × 10-11
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2023-2024 DATASET OBSERVED EVENTS

ÁExpected SM signal: 22.9 ± 1.1

ÁEstimated background: 11.92.3
2.9

ÁObserved: 33

(not a fit)

assuming ּקSM = 8.4 × 10-11

NA62 preliminary

NA62 preliminary
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2023-2024 DATASET BR MEASUREMENT

20232024(K+ŸƜ+ƙƙ)קּ
NA62 = (7.2 1.9

2.2|stat 0.9
0.9|syst) × 10-11 = (7.2 2.1

2.3) × 10-11

Fit in Ɯ+ momentum with a

profile likelihood ratio test statistic

qmin / ndof = 4.4 / 5

NA62 preliminary

NA62 preliminary
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2016-2024 DATASET OBSERVED EVENTS

(not a fit)

ÁExpected SM signal: 43 ± 1

ÁEstimated background: 303
4

ÁObserved: 84

assuming ּקSM = 8.4 × 10-11

NA62 preliminary

NA62 preliminary
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2016-2024 DATASET BR MEASUREMENT

20162024(K+ŸƜ+ƙƙ)קּ
NA62 = (9.6 1.6

1.8|stat 0.6
0.8|syst) × 10-11 = (9.6 1.8

1.9) × 10-11

2016-2022 2023-2024

qmin / ndof = 15.2 / 20

NA62 preliminary

NA62 preliminary
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THE GLOBAL PICTURE

1Ɵ

2Ɵ

NA62 preliminary

NA62 preliminary
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[PRD 79 (2009) 092004]

[JHEP 06 (2021) 093]

[JHEP 02 (2025) 191]

this result

[PRL 134 (2025) 081802]
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CONCLUSION

+K)קּ ŸƜ+ƙƙ) = (9.6 1.8
1.9) ×10-11

Á Expected SM signal more than doubled

Á Backgrounds kept under control,

major sensitivity boost

Á Expected SM significance > 5Ɵ

Á Branching Ratio measured to <20% precision

Á Result compatible with SM

Á 2025-2026 dataset incomingȟ stay tuned!

NA62 preliminary
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[PRD 79 (2009) 092004]

[JHEP 06 (2021) 093]

[JHEP 02 (2025) 191]

this result

22/22
THANK YOU!
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RECENT HISTORY OF K ŸƜƙƙTHEORY
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A LONG HISTORY

Experiments

Camerini et al. PRL23 (1969)326

Klems et al. PRD4 (1971)66

Ljung et al. PRD8 (1973)1307

Cable et al. PRD8 (1973)3807

Asano et al. PLB107(1981)159

E787:

PRL64 (1990)21

PRL70 (1993)2521

PRL76 (1996)1421

PRL79 (1997)2204
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PRL88 (2002)041803
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PRL93 (2004)031801
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JHEP 11 (2020) 042
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Theory
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Prog.Theor.Phys.65 (1981)
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Á Signal trigger: Ƙ+ veto, K+ tag+ LKr and LAV veto

Á Same selection as normalization

Á Photon and multiplicity vetoes

Á Normalization trigger: Ƙ+ veto, K+ tag

Á Require onedownstream particle

Á Ɯ+ identification (Ƙ+ rejection)

Á Match K+ track in GTK

Á Reconstruct vertex and mmiss
2

Á Upstreamactivity veto

Normalization: K +ŸƜ+Ɯ0

SELECTION STRATEGY

Signal: K+ŸƜ+ƙƙ

Ɯ+ momentum range: 15 ȓ45 GeV/c, in 5 GeV/c bins
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KINEMATIC REGIONS

Validate background estimates

Reference & normalization

for main K+ decay backgrounds
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