
EPS-HEP 2025 Conference
6 -11 July 2025, Palais du Pharo, Marseille

Observation of the decay K+
→ + and

measurement of its branching ratio 
by the NA62 experiment at CERN

Angela Romano, University of Birmingham

on behalf of the NA62 Collaboration



NA62 primary goal: Measure BR(K+ → +)

The NA62 experiment

2

High precision fixed-target Kaon experiment at CERN SPS

NA62

Novel K+ decay-in-flight technique

NA62 Beam line & detectors 

ECN3 Experimental Area

300 participants from 30 institutions

Run1 results: [PLB791(2019)156, JHEP11(2020)042, JHEP06(2021)093]
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NA62 Timeline & Datasets

NA62 Timeline2008 - Physics Approval

2009 - 2014: Detector R&D, Installation
2015 Commissioning 

2016 – 2018: NA62 Run 1 

2021 – 2026: NA62 Run 2

NA62 Timeline

NA62 Run 1 (2016-2018): 

➢ 22 x 1017 protons on target (PoT) delivered
➢ 0.9 x 106 spills collected

NA62 Run 1

NA62 Run 2 (2021-present):

➢ ~1.5 x 106 spills collected

this talk

NA62 Run 2
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>3𝜎 𝐾+→𝜋+𝜈𝜈 evidence



NA62 Physics Programme

NA62

Flavour Physics 

Search for NP at the EW 
scale with sizeable 

coupling to SM particles 
via indirect effects in loops:

Golden mode: K+ -> π+vv;

𝜒PT and Lepton
Universality tests

- Precision 
measurements of 

K+ decays 

Searches for lepton 
flavour and number 

violation (LFV, LNV) 
- Rare and forbidden 

decay analysis 

Hidden Sector

Search for NP below the EW 
scale (MeV-GeV range) feebly-

coupled to SM particles via 
direct detection of long-lived 

particles:

HNL, Dark Photon, ALP..

Neutrino Physics

Experimental proof of 
principle of Neutrino 

Tagging technique 
using NA62 layout

Talk by V. Duk on 07/07 (T07) NA62 dump 
configuration
Talk by I. Rosa 
on 07/07 (T09)

K+ → π+ vv

This talk

Talk by M. Perrin-
Terrin on 11/07 (T03)
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K+ → + v



K→ in the Standard Model

✓ FCNC process forbidden at tree level 

✓ Highly CKM suppressed (BR ~ |Vts*Vtd|2)

✓ Extraction of Vtd with minimal (few %) 

non-parametric uncertainty

Box & Penguin (one-loop) diagrams

Theoretically very clean:  

✓ dominant short-distance contribution

✓ hadronic matrix element extracted from precisely measured BR(K+ → e+e)
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K→  probes of unique sensitivity for NP 

models among B and K decays

(NP searches complementary/alternative to LHC)

Z’(5 TeV in Constrained MFV) LFU violation

[Isidori et al., Eur. Phys. J. C(2017)77: 618]

[EPJ C76 (2016) no.4 182]

Measurement of charged (K+→ +) and neutral (KL → ) modes allows to 

discriminate among different NP scenarios

Indirect searches of NP with high precision studies of rare K decays 

K→ and New Physics
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[Buras, Buttazzo, Knegjens, JHEP1511(2015)166]

Correlations significantly change for different 
classes of NP models



K
+

→+ Signal and Backgrounds

Background rejection relies on Kinematics (15GeV/c < Pp < 35GeV/c ; m2
miss) 

used in conjunction with Particle ID, Veto systems and sub-ns timing

K+→ + signature:

Kaon track + Pion track + nothing else

Sign & Bkg control regions kept blind 

throughout the analysis

Process Branching ratio

+→ +() 63.6%

+→ +() 20.7%

+→ ++− 5.6%

+→ +−e+e
4.2 × 10-5

Main kaon decay backgrounds

K+ decay-in-flight technique
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Cherenkov

kaon tagger 
t=70ps

Anti-counters

Beam

tracker

Spectrometer

straw chambers

Large-Angle

photon Veto (12 stations) t=70ps

Hadronic

calorimeter
Muon

detector

Small-angle
photon veto

EM calorimeter

Z [m]

~10-6 mbar

~5 MHz K+ Decays 

[NA62 Detector Paper, 2017 JINST 12 P05025]

➢ SPS protons on Be target (PoT): 400 GeV/c, ~1012 PoT/sec , ~3 sec/spill

➢ Un-separated hadron beam: +(70%)/K+(6%)/p(24%) 

➢ K+: 75GeV/c (±1%), beam spread < 100rad, (60 x 30) mm2  transverse size

➢ 600MHz beam rate @GTK (~5MHz K+ decays in 60 m fiducial volume)

X [m]

NA62 Beam and Detector
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m2
miss = (PK - P)

2          [m mass hypothesis]

Signal and Control kinematic regions 

blinded during the analysis

Selection optimized in bins of + 

momentum

NA62 Performance keystones:

➢  O(100ps) Timing

➢ ≥ 103 Kinematic bkg rejection

➢ ≥ 108 Muon suppression          

(from K+→ +)

➢ ≥ 108 0→ suppression           

(from K+→ +0) 

Signal selection:

➢ K+ decays with 1 track in final state

➢ Definition of Region 1, Region 2

➢ PID, photon and multi-track 

rejections

Measurement Strategy
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➢ New detectors installed during LS2:

➢ Additional 4th kaon beam tracker 
station (GTK-4)

➢ New veto hodoscopes upstream of 

decay volume (Veto-counter, 
ANTI0)

➢ Additional veto counters around 
downstream beam pipe (HASC-2)

➢ Beam intensity increased by ~35% wrt 
2018 data taking [450 MHz → 600MHz]

➢ Improvements to trigger configuration

NA62 Upgrades for 2021-22 
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Single Event Sensitivity

Normalisation channel + → +

➢ Online trigger and offline selection in common for signal and normalization

➢ Different kinematic selection and rejection of activity additional to + for signal

Single Event Sensitivity: 
BR(𝐾+→ 𝜋+𝜈𝜈) for which the total number of expected events is 1
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Single Event Sensitivity (2021-22)

Acceptances vs + momentum 
Trigger efficiency vs + momentum

Random veto efficiency vs + momentum

1- RV = probability of a 
signal event to be vetoed 

by accidental activity
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Single Event Sensitivity (2021-22)

integrated in pion momentum
15-45 GeV/c, 2021+22 data

→ +15% wrt Run1 (2016-18)

→ +20% wrt Run1 (2016-18)

→ x3 better precision wrt Run1

→ comparable value to Run1

Double expected signal by including 2021-22 data

Improvements wrt Run1 (2016-18) analysis:

➢ retuned selection and reconstruction
➢ new trigger configuration (common conditions 

lead to cancellation of systematics)

⇒ signal yield per SPS spill increased by 50%

⇒ ×2 better SES relative uncertainty

13Angela Romano, EPS-HEP 2025,  10-07-2025



Background to K+
➔+  

Background estimates summed over R1 and R2

2021-2022 Data: Background regions, Control regions, Signal regions
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m2
miss vs + momentum Background estimations in signal regions 

validated using control regions

Signal Regions are blinded!



Background Validation  

Upstream Validation: 10 independent samples enriched with different mechanisms

CR1, CR2: 𝐾+ → +0() 
CRmu, CRmu2, CRmu3: 𝐾+ → 𝜇+𝜈() 
CR3pi: 𝐾+ → ++−

CR3D: orthogonal to 𝜋+ momentum, 𝑚2
𝑚𝑖𝑠𝑠 plane 
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𝐾+→ 𝜋+𝜈𝜈 Result: 2021-2022

[JHEP02 (2025) 191]

NA62 2021-2022 DATA

1D projection with differential 

background predictions & SM signal 
expectation [not a fit]:
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Single Event Sensitivity 0.85 ± 0.03  
×  10−11

Expected background 11.0−1.9
+2.1

Observed 31



NA62 2021-2022 DATA

Fit to 𝜋+ momentum with a profile 

likelihood ratio test statistics

[JHEP02 (2025) 191]

17Angela Romano, EPS-HEP 2025,  10-07-2025

𝐾+→ 𝜋+𝜈𝜈 Result: 2021-2022

Single Event Sensitivity 0.85 ± 0.03  
×  10−11

Expected background 11.0−1.9
+2.1

Observed 31



𝐾+→𝜋+𝜈𝜈 Results: combined 2016-2022

Combination 2016-18 + 2021-22 data

Background-only hypothesis p-value = 2 × 10−7

⇒ significance 𝑍 > 5

First observation of 𝑲+ → 𝝅+𝝂𝝂 at 5𝝈  [JHEP02 (2025) 191] 18Angela Romano



Result in Global Perspective

[PRD 79 (2009) 092004]

[JHEP 06 (2021) 093]

[JHEP02 (2025) 191]

➢ NA62 results are consistent
➢ Central value moved up (now 1.5-1.7𝜎 above SM)

➢ Fractional uncertainty decreased: 40% → 25%

➢ Background-only hypothesis rejected with significance Z > 5

1.7





KOTO [PhysRevLett.134.081802 (2025)]
𝓑(𝑲𝑳→𝝅𝟎𝝂𝝂) < 𝟐.𝟏×𝟏𝟎−𝟗 at 90% CL
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Conclusions

➢ The long quest for 𝐾+→ 𝜋+𝜈𝜈 has reached a very 

important step: the observation of the decay!

➢ The rarest particle decay ever observed at 

5 sigma level

➢ NA62 2023-24 dataset of comparable size to 
2016-22 one

➢ Analysis is ongoing

➢ NA62 will take data until LS3 (summer 2026)

➢ Stay tuned!

NA62 result on 𝐾+ → 𝜋+𝜈𝜈 decay using 2021-22 dataset, combined with 2016-18

First observation of 𝐾+ → 𝜋+𝜈𝜈  decay with 5𝜎 rejection of background-only hypothesis

BR consistent with SM prediction within 1.7𝜎
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WIP: 2023-24 𝐾+→𝜋+𝜈𝜈 Data Analysis
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Correlations with other meson decays
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Upstream Background

• Suppression: ∆t (+ +), upstream vetoes (VC, CHANTI, ANTI0), BDT using spatial infos of + +

• Estimation: Fully data-driven, "Upstream Reference Sample" contains all known generation 
mechanisms, bkg-to-signal probability estimated with data driven technique 

• Validation: 10 independent samples enriched with different mechanisms
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Background from K+
→+()

Not included in 𝐾+ → 𝜇+𝜈 tail if 𝛾 overlaps with 𝜇 at LKr

 (𝜇+𝛾 cluster mis-ID as +)

• Suppression: specific cuts on (𝑃𝐾 −𝑃 −𝑃𝛾)2 and 𝐸𝛾

• Estimation: control sample of events with signal in MUV3

• Validation: control sample with PID between 𝜇 and 𝜋 

High momentum background (>35 GeV/c), relevant in 21-22 

data (Calorimetric PID degraded at higher intensities)

Expected: Nbg(𝐾
+ → 𝜇+𝜈 ) = 𝟎.𝟖𝟐 ±𝟎.𝟒𝟑

Data Driven estimation
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(𝑃𝐾 −𝑃 −𝑃𝛾)2 vs (𝑃𝐾 −𝑃𝜋)2



Background from K+
→+

Data Driven estimation
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*CR3D: CR orthogonal to  the 𝜋+ momentum, 𝑚2
𝑚𝑖𝑠𝑠 plane 



Background from K+
→+

Background

Data Driven estimation
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NA62 𝐾+→𝜋+𝜈𝜈 Results: 2016-2018
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Optimum NA62 Intensity
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➢ The kaon decay-in-flight technique is firmly established

➢ Improved trigger: beam intensity increased by ~35% wrt Run 1

➢  +  + measurement in a low-background, high-acceptance regime

➢ Analysis of 2021-2022 combined datasets presented here

Expect to measure BR( +  +) at O(15%) precision by LS3

New detectors installed for NA62 Run2 (2021 – 2026)

NA62 Run 2 Data Taking
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Upstream Background

Kaon decays upstream the FV  
 → only π+ enters FV and scatters in first STRAW chamber
In-time pileup beam particle (in GTK) generates a fake decay vertex inside the FV
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Upstream Background

Replacement of the final collimator against Upstream events (June 2018)
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Upstream Background

A particular upstream event in the OLD COL configuration 
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Upstream Background

The same upstream event in the NEW COL configuration 
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