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Kaon Experiments at CERN

NA62: ∼ 200 participants, ∼ 30 institutes

NA31: 1980s, beam: KL/KS

First evidence of direct CPV

NA48: 1997–2001, beam: KL/KS

Discovery of direct CPV

NA48/1: 2002, beam: KS /hyperons
Rare decay studies

NA48/2: 2003–2004, beam: K+/K−

Precision measurements

NA62-RK: 2007–2008, beam: K+/K−

RK = Γ(Ke2)/Γ(Kµ2)

NA62: since 2015, beam: K+

2015: commissioning run
2016-2018: NA62 Physics Run 1
2021-ongoing: NA62 Physics Run 2
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NA62: Beam and Detector
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Beam parameters in K+ mode:
Beam momentum: 75 GeV/c
(±1%)

Nominal rate: 750 MHz

Positive beam: ∼ 6% K+

Main subdetectors:
Beam tracker: GTK
(σp = 0.15 GeV/c)

Kaon tagger: KTAG (σt = 70 ps)

Downstream tracker: (π/µ/e): Straw
σp/p = 0.3%

⊕
0.005% · p[GeV/c]

Photon veto detectors: LAV, IRC,
SAC

Cherenkov counter: RICH

Trigger and timing:
CHOD (σt = 1 ns), NA48-CHOD (σt = 200 ps)

Electromagnetic calorimeter: LKr
σE/E = 4.8%/

√
E

⊕
11%/E

⊕
0.9%, [E] =

GeV

Hadronic calorimeters: MUV1,2

Muon detector: MUV3 (σt = 500 ps)
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https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025/meta


Physics at NA62

Measurement of the branching fraction of very rare (Bπνν ≈ 10−10) decay K+ → π+νν̄

Main goal of the experiment with the first observation published in [JHEP02 (2025) 191]

See Zuzana’s talk for details on the measurement

Precision measurements:
Up to O(0.1%) level tests of ChPT and SM
Precision measurements of ChPT parameters

Decay Dataset Status Reference
K+ → π+µ+µ− (Kπµµ) NA62 Run 1 (2017-2018) Published [JHEP11 (2022) 011]
K+ → π0e+νγ (Kπeνγ ) NA62 Run 1 (2017-2018) Published [JHEP 09 (2023) 040]
K+ → π+γγ (Kπγγ ) NA62 Run 1 (2016-2018) Published [PLB 850 (2024) 138513]
π0 → e+e− (π0

ee) NA62 Run 1 (2017-2018) Preliminary [La Thuile 2024]
K+ → π+π+π−γ (K3πγ ) NA62 Run 1 (2017-2018) Preliminary [KAON25]
K+ → e+νeγ (Ke2γ ) NA62 Run 1 (2017-2018) Preliminary [KAON25]
K+ → µ+νµ+µ− (Kµνµµ) NA62 Run 1+2 (2017-2024) Preliminary [KAON25]

Searches for rare and forbidden (e.g. LNV or LFV) K+ decays

Searches for exotic particles: dark photon, axions, HNLs,...
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https://link.springer.com/article/10.1007/JHEP02(2025)191
https://link.springer.com/article/10.1007/JHEP11(2022)011
https://link.springer.com/article/10.1007/JHEP09(2023)040
https://www.sciencedirect.com/science/article/pii/S0370269324000716
https://indico.in2p3.fr/event/32664/contributions/137003/attachments/83684/124639/8_FBrizioli-v1.pdf
https://indico.cern.ch/event/1485702/contributions/6585023/attachments/3133843/5559898/KAON2025_Hives.pdf
https://indico.cern.ch/event/1485702/contributions/6616628/attachments/3133938/5560081/AngelaRomano_KAON2025_11092025.pdf
https://indico.cern.ch/event/1485702/contributions/6584990/attachments/3132672/5566955/KtoMnMM_Tomczak_KAON25_v3-1.pdf


K+ → π+µ+µ−: Introduction
Selection:

2µ multi-track (2µMT) trigger line used

Normalisation on K3π (MT) events

Signal selection: reconstruct 3-track
(πµµ)-compatible vertex

Kinematic cuts to suppress K3π

background
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Analysis strategy:

Reconstruct dΓ/dz from measured
z = m2(µ+µ−)/m2

K spectrum

Integrate to get model-independent B(Kπµµ)

Extract form factor (FF) |W (z)|2 from dΓ/dz

Fit FF parameters a+, b+ by min. χ2(a+, b+)
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K+ → π+µ+µ−: Results

NA62 Kπµµ result consistent previous Kπee FF measurements → no tension in LFU observed

4 5 6 7 8 9 10 11
8 10×) −µ +µ +π → +(KB 

 

E787 (1997)
207 events

E865 (2000)
430 events

HyperCP (2002)
110 events

NA48/2 (2011)
3120 events

NA62 (2022)
27679 events

Central value and total errors

Statistical+systematic errors

Statistical errors only

PDG average (2022), without NA62 result

E865, Kπee : [Phys. Rev. Lett. 83 (1999) 4482-4485]

HyperCP, Kπµµ : [Phys. Rev. Lett. 88 (2002) 111801]
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68% CL contours:

NA48/2, Kπee : [Phys. Lett. B 677 (2009) 246-254]

NA48/2, Kπµµ : [Phys. Lett. B 697 (2011) 107-115]

a+ = −0.575± 0.013, b+ = −0.722± 0.043, ρ(a+, b+) = −0.972

BMI(K
+ → π+µ+µ−) = (9.15± 0.06stat ± 0.03syst ± 0.04ext)× 10−8
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https://inspirehep.net/literature/504262
https://inspirehep.net/literature/564416
https://inspirehep.net/literature/815724
https://inspirehep.net/literature/878312


K+ → π0e+νγ: Introduction

Goals:
Measure normalised B(K+ → π0e+νγ)
in various (Eγ , θeγ ) ranges; j ∈ {1, 2, 3}:

Rj =
Nobs

Ke3γ,j −Nbkg
Ke3γ,j

Nobs
Ke3 −Nbkg

Ke3

·
AKe3

AKe3γ,j
·

εtrigKe3

εtrigKe3γ,j

Study T-odd variable ξ via asymmetry:

ANA62
ξ = ADATA

ξ −AMC
ξ , ξ =

p⃗γ · (p⃗e × p⃗π)

(mK · c3)

Signal selection:
Min-bias and non-muon trigger lines

Normalisation: K+ → π0e+ν(γ)

Reconstruct K+ (GTK) and e+ (Straw)

π0 identification with 2 γ in LKr

Radiative γ identified as isolated cluster

Minimal differences in signal and
normalisation selections ⇒ reduced
systematic effects

Analysis strategy:
Background < 1%, mainly accidental

Signal decay described in MC by ChPT at
O(p6)

Normalisation selection acceptance is
defined wrt full phase space

Evaluation of Rj

Evaluation of asymmetry ANA62
ξ
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K+ → π0e+νγ: Results

Range 1 Range 2 Range 3

R × 102 1.715 ± 0.005 ± 0.010 0.609 ± 0.003 ± 0.006 0.533 ± 0.003 ± 0.004

Aξ × 102 −0.1 ± 0.3stat ± 0.2syst −0.3 ± 0.4stat ± 0.3syst −0.9 ± 0.5stat ± 0.4syst

R measurement:
Precision improved by a factor > 2

Results smaller by 5% than ChPT prediction

Asymmetry measurement:
Compatible with no asymmetry
Uncertainties larger than theory
expectations
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K+ → π+γγ: Introduction
Selection:

Min-bias and non-muon trigger lines

Normalisation: K+ → π+π0

Single positive track + two γ clusters

K+ – π+ matching, reconstruct vertex

π+ identification & µ+ rejection

Signal region: 0.2 < z < 0.51

Data

γγ+π →+K
−π+π+π →+K

γ0π+π →+K
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Analysis strategy:

Main background:
cluster merging in calorimeter
multi-track events, tracks out of acceptance

Data distributed in 31 equal bins

ĉ obtained from z = m2
γγ/m

2
K spectrum

Model independent B obtained by summing
z-spectrum in all bins in signal range

Data

γγ+π →+K
−π+π+π →+K

γ0π+π →+K
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Fit with ChPT at O(p4) is disfavoured with respect to ChPT at O(p6)
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K+ → π+γγ: Results

Form factor parameter and branching fraction measurements
First search for production and prompt decay of an axion-like particle with gluon coupling in the
process K+ → π+a, a → γγ

5 6 7 8 9 10 11 12 13 14
710×)γγ+π →+K(Β

31 events
E787 (1997)

NA48/2 (2014)
149 events

NA62-2007 (2014)
232 events

NA48/2 + NA62-2007 (2014)
381 events

NA62 (2023)
3984 events
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E949 K+→π+γγ

N
exp
bcg = 291± 14, Nobs = 3984

ĉ = 1.144± 0.069stat ± 0.034syst

BChPT @ O(p6)(K
+ → π+γγ) = (9.61± 0.15stat ± 0.07syst)× 10−7

BMI(K
+ → π+γγ|z > 0.2) = (9.46± 0.19stat ± 0.07syst)× 10−7
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π0 → e+e−: Introduction

Goal:
Measurement of
B(π0 → e+e−(γ), x > 0.95)

Overview:
Experimentally accessible:
B(π0 → e+e−(γ), x > xcut),
x = m2

ee/m
2
π0

Low x region dominated by Dalitz decay
π0 → e+e−γ
For x > xcut = 0.95, Dalitz contribution
only 3.3%

Previously measured by KTeV:
BKTeV(π

0 → e+e−(γ), x > 0.95) =
(6.44± 0.25± 0.22)× 10−8

[Phys. Rev. D 75.012004]

π0

γ⋆

γ⋆

e+

e−

Signal selection:
Multi-track electron trigger line

Normalisation: K+ → π+e+e−, computed
in a background-free region
140 MeV/c2 < mee < 360 MeV/c2

Minimal differences in signal and
normalisation event selections ⇒ reduced
systematic effects
3-track vertex topology

Signal measured in region
130 MeV/c2 < mee < 140 MeV/c2

Analysis strategy:
Background:

Irreducible K+ → π+e+e−

Multiple Dalitz decays with undetected
particles (γ, e)

B(π0 → e+e−(γ), x > 0.95) obtained
by performing maximum likelihood fit of
simulated samples to data

Using latest radiative corrections the result
can be extrapolated to obtain
B(π0 → e+e−,no rad)
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π0 → e+e−: Preliminary Results
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NK = (8.62± 0.27)× 1011

Signal yield ≈ 600 events

B(π0 → e+e−(γ), x > 0.95) = (5.86± 0.37)× 10−8

B(π0 → e+e−,no rad) = (6.22± 0.39)× 10−8

Preliminary result in agreement with SM expectation
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K+ → π+π+π−γ: Introduction

Common features:

Data from NA62 Run 1 (2017-2018)

Multi-track trigger line used
Require 3-track (πππ)-compatible vertex

Associate GTK track to 3π vertex

Normalisation (K3π) selection:

NK = (7.400± 0.001stat ± 0.032ext)× 1010
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Signal selection:

Reconstruct γ in the LKr

Kinematic cuts against K3π background
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Kinematic fit and unfolding techniques performed on selected events
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K+ → π+π+π−γ: Preliminary Results

K3πγ branching fraction measured with respect to E∗
γ (photon energy in kaon rest frame):

E∗
γ

[MeV]
BNA62(E

∗
γ)

Preliminary

BTheory(E
∗
γ)

[ZPhysC 76 (1997) 301]

BOKA(E∗
γ)

[EPJC 79 (2019) 1]

10–20 (4.22± 0.05) · 10−5 (4.36± 0.04) · 10−5

20–30 (1.42± 0.02) · 10−5 (1.43± 0.01) · 10−5

30–40 (4.86± 0.09) · 10−6 (4.93± 0.05) · 10−6 (5.17± 0.34) · 10−6

40–50 (1.53± 0.05) · 10−6 (1.44± 0.01) · 10−6 (1.55± 0.12) · 10−6

50–60 (2.80± 0.31) · 10−7 (2.69± 0.03) · 10−7 (3.5± 0.5) · 10−7

60–70 (1.36± 0.02) · 10−8 (1.1± 0.6) · 10−8

10–60 (6.30± 0.06) · 10−5 (6.45± 0.06) · 10−5

30–60 (6.66± 0.10) · 10−6 (6.64± 0.05) · 10−6

30–70 (6.65± 0.05) · 10−6 (7.1± 0.4stat ± 0.3syst) · 10−6

Good agreement with theoretical predictions and measurements by the OKA experiment
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https://link.springer.com/article/10.1007/s002880050554
https://link.springer.com/article/10.1140/epjc/s10052-019-6797-1


K+ → µ+νµ+µ−: Branching Fraction Measurement (Preliminary)
Common features:

Full available NA62 statistics (Run 1+2) 2µ multi-track (2µMT) trigger line

Normalisation (Kπµµ) selection:

Require 3-track (πµµ)-compatible vertex

Kinematic cuts against K3π background

Observed 94112 Kπµµ candidates

NK = (1.475± 0.005stat)× 1013
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Signal selection:

Require 3-track (µµµ)-compatible vertex

Kinematic cuts against K3π background

Observed 8227 Kµνµµ candidates

Expected bckg.: 892± 11stat ± 54syst
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Data/MC = 1.06

B(K+ → µ+νµ+µ−) = (1.301± 0.017stat ± 0.012syst ± 0.012ext)× 10−8

First observation of the Kµνµµ decay
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K+ → e+νeγ: Branching Fraction Measurement (Preliminary)
Common features:

Data from NA62 Run 1 (2017-2018)

Non-muon trigger used
Require single good e+ track

Match a GTK kaon to the e+ track

Normalisation (Ke3) selection:

π0 reconstructed from two γ clusters in LKr

Kinematic K+ → π+π0 suppression

NK ∼ 2.9× 1010

0.03− 0.02− 0.01− 0 0.01 0.02 0.03

]4/c2 [GeV2
missM

1

10

210

310

410

510

610

710

)4
/c2

E
ve

nt
s/

 (
0.

00
1 

G
eV

Data
Ke3
Ke3D

3µK
πK2
3DµK

 (SD+)γKe2

NA62 Preliminary

Signal selection:

Reconstruct the radiative γ in the LKr

Kinematic cuts against Ke2,Ke3,K2π

backgrounds
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B(Ke2γ ,SD+) = (0.466± 0.003stat ± 0.003syst ± 0.004ext)× 10−5

Most precise measurement of SD+ amplitudes in kaon decays to date
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K± → π±ℓ+ℓ−: NA62 Full Dataset Prospects

Final 2016–2026 projections:

K+ → π+µ+µ−: > 100k candidates with negligible background

K+ → π+e+e−: > 100k candidates with negligible background

Plots below assume 0.3% systematic uncertainties on B(Kπℓℓ) (same as Kπµµ Run 1)

LFU tests by comparing aℓ+ and bℓ+ parameters from the two modes

Total (aµ+, bµ+) errors expected to improve by factor ∼ 1.5 with respect to current best results

Total (ae+, be+) errors expected to improve by factor ∼ 3 with respect to current best results
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RK = Γ(Ke2)/Γ(Kµ2): NA62 Full Dataset Prospects

NA62 (2007 run) [PLB719(2013)326]:

Dedicated run with NA48/2 detector

150k Ke2 event candidates

Systematic uncertainty 0.3%

Main systematics:
Kµ2 contamination in Ke2 sample
Ke3, K2π contamination in Ke2 sample

Novel technique:
Select Kµ2 with µ decays inside RICH

Both Kℓ2 from the main (PNN) trigger line

Analysis well-advanced

Statistics: ∼ 1M Ke2 in 2017-2018 only

Systematic uncertainty: work in progress
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NA62 (2013)
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NA62 (projection, pessimistic)
>1M Ke2 events, 0.4% systematics
[centered on PDG 2024 value]

NA62 (projection, optimistic)
>1M Ke2 events, 0.2% systematics
[centered on PDG 2024 value]

Central value and total errors

Statistical errors only
PDG average (2024)

SM prediction (Cirigliano et al., 2007)
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Precision Measurements at NA62: Summary

Measurements performed so far:
Analysis of the K+ → π+µ+µ− decay (final results)

Sample of 27679 Kπµµ events collected in 2017-2018 with negligible background
Model-independent branching fraction: B(Kπµµ) = (9.15 ± 0.08) × 10−8

Form-factor measurement: |W (z)|2 extracted; a+ = −0.575 ± 0.013, b+ = −0.722 ± 0.043

Forward-backward asymmetry: AFB = (0.0 ± 0.7) × 10−2; |AFB| < 0.9 × 10−2 @ 90% CL

Analysis of the K+ → π0e+νγ decay (final results)
Sample of 1.3 × 105 Kπeνγ events collected with < 1% background
Normalised branching fraction and possibly T-violating asymmetry are measured

Analysis of the K+ → π+γγ decay (final results)
Sample of 3984 Kπγγ events collected with < 10% background
Branching fraction: B(Kπγγ) = (9.61 ± 0.17) × 10−7

Form-factor parameter ĉ = 1.444 ± 0.077
Search for production and prompt decay of an axion-like particle with gluon coupling in the process
K+ → π+a, a → γγ

Preliminary results on the following measurements were presented:
π0 → e+e− decay branching fraction
K+ → π+π+π−γ decay branching fraction in bins of E∗

γ

First observation and branching fraction measurement of K+ → µ+νµ+µ− decay
K+ → e+νeγ (SD+) branching fraction, most precise kaon decay SD+ amplitude measurement

Other precision analyses at NA62 are ongoing
Full NA62 dataset projections:

K+ → π+ℓ+ℓ− decays measurement – branching fractions and LFU tests
RK = Γ(Ke2)/Γ(Kµ2) measurement

Stay tuned for more results from NA62!
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