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The NA62 experiment at CERN

PLB 791 (2019) 156 JHEP 11 (2020) 042 JHEP 06 (2021) 093

ÅPrimary goal: measurement of ּק╚ ᴼⱫⱨⱨ
ÅNew Technique:ὑ decay-in-flight

ÅRun1 results: [PLB 791 (2019) 156] [JHEP 11 (2020) 042] [JHEP 06 (2021) 093]

ÅBroader physics programme:

ÅPrecision measurements of kaon and pion decays

ÅHNL and LNV/LFV searches in kaon decays

ÅHidden Sector searches with kaons and in dump mode

ÅData taking

Å2016 Commissioning + Physics run (45 days).

Å2017 Physics run (160 days).

Å2018 Physics run (217 days).

Å2021 Physics run (85 days [10 beam dump]).

Å2022 Physics run (215 days).

Å2023 Physics run (150 days [10 beam dump]).

Å2024 Physics run (204 days [12 beam dump, 7 low int.]).

Å2025 Physics run (~210 days foreseen, startedin April)

~200 collaborators from ~30 institutions.

2016 2017 2018 2019 2020 2021 2022 2023 2024

LS2 (upgrades) Newresult!
2025

LS3

New result!

New result:  JHEP 02 (2025) 191

2026

https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/2860356
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Ɇꜞ ὑᴼ“’’ highly suppressedin SM

ÅGIM mechanism & maximum CKM suppression ίO Ὠtransition:Ḑ ὠᶻὠ

ÅTheoretically clean ᵼhigh precision SM predictions

ÅDominated by short distance contributions.

ÅHadronic matrix element extracted fromꜞὑᴼ“ὰ’ decays via isospin rotation.

SM: Z-penguin &  box diagrams

DecayMode BR SM [Buras et al. EPJC 82 (2022) 7, 615] SM [D'Ambrosio et al. JHEP 09 (2022) 148] Experimental Status

ψȢφππȢτς ρπ

ςȢωτπȢρυ ρπ

ρπȢφ Ȣ
Ȣ ρπ (NA62)

ςȢς ρπ (KOTO)

NA62 (2016ï18 data): [JHEP 06 (2021) 093] 

KOTO (2021 data):

[PRL 134 (2025) 081802]

Differences in SM calculations from choice of CKM parameters: 

[EPJC 84 (2024) 4, 377]

χȢψφπȢφρ ρπ

ςȢφψπȢσπ ρπ
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ὑᴼ“’’:Precision test of the SM
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https://inspirehep.net/literature/2057332
https://inspirehep.net/literature/2103460
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/2849478
https://inspirehep.net/literature/2719296
https://inspirehep.net/literature/2719296
https://inspirehep.net/literature/2719296
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ὑᴼ“’’:Beyond the SM

Green: CKM-like flavour structure 

ÅModels with Minimal FlavourViolation

Blue: new flavour-violating interactions where LH or RH 
currents dominate

Ɇὤmodels with pure LH/RH couplings

Red: general NP models without above constraints

Grossman-Nir Bound: model-independent relation

[JHEP 11 (2015) 166]

JHEP 11 (2015) 166

JHEP 12 (2020) 097 PLB 809 (2020) 135769

EPJ.C 82 (2022) 4, 320 JHEP 07 (2023) 029

EPJ.C 84 (2024) 7, 680 JHEP 12 (2020) 186 arXiv:2405.06742

ÅCorrelations between BSM contributions to BRs of ὑ and ὑ modes [JHEP11 (2015)166].

ÅMust measure both to discriminate between BSM scenarios.

ÅCorrelations with other observables ( ϳ‐ ‐, ɝὓ , B-decays) [JHEP12 (2020)097][PLB 809(2020)135769].

ÅLeptoquarks [EPJ.C82 (2022)4, 320], Interplay between CC and FCNC [JHEP 07 (2023) 029], NP in neutrino sector 
[EPJ.C84 (2024)7, 680] and additional scalar/tensor contributions [JHEP12 (2020)186][arXiv:2405.06742] é

ꜞὑ ᴼ“’’

ꜞὑ ᴼ“’’

†

†
Ṃρ

ᵼꜞὑ ᴼ“’’ṂτȢσẗꜞ ὑ ᴼ“’’

[PLB 398 (1997) 163-168]

https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1798889
https://inspirehep.net/literature/1794913
https://inspirehep.net/literature/1873423
https://inspirehep.net/literature/2661964
https://inspirehep.net/literature/2734758
https://inspirehep.net/literature/1816043
https://inspirehep.net/literature/2786773
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
https://inspirehep.net/literature/439627
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ὑ ᴼ“’’at NA62

Decay mode Branching Ratio [PDG]

ρπὑ ᴼ“’’

ὑ ᴼ““ ςπȢφχπȢπψϷ

ὑ ᴼ‘’ φσȢυφπȢρρϷ

ὑ ᴼ“““ υȢυψσπȢπςτϷ

ὑ ᴼ““Ὡ’ τȢςτχπȢπςτρπ

NA62 Strategy:

ÅTag ὑ and measure momentum.

ÅIdentify “ and measure momentum.

ÅMatch ὑ and “ in time & form vertex.

ÅDetermine ά ὖ ὖ

ÅReject any additional activity.

NA62 Performance Keystones:

Ɇַײρππὴίtiming between detectors

Ɇַײρπ background suppression from kinematics

Ɇ ρπmuon rejection

Ɇ ρπrejection of “ from ὑ ᴼ““ decays
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NA62 beamline and detector [JINST 12 (2017) 05, P05025]

400 GeV Protons 

from SPS

Cherenkov 
kaon tagger

Beam 
spectrometer

Fiducial decay 
volume Magnet

Muon 

detector

Hadronic 

Calorimeters

ÅDesigned & optimisedfor study of ὑ ᴼ“’’: 

üParticle tracking: beam particle (GTK) & downstream tracks (STRAW)

üPID:ὑ - KTAG, “ - RICH, Calorimeters (LKr , MUV1,2), MUV3 (‘detector)

üComprehensive veto systems:CHANTI (beam interactions), LAV ,LKr ,IRC,SAC(‎)

Secondary χυGeVȾὧbeam: 

“ȡχπϷ, ὴȡςσϷ, ὑ ȡφϷ

Liquid Krypton 

EM Calorimeter

HASC

New detectors installedin LS2: 4th GTK, VetoCounter, ANTI0 and HASC2

https://inspirehep.net/literature/1519167
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Kinematic constraints & signal regions

“ momentum range: 15- 45 GeV/c

ρπײַ background suppression from kinematics

[JHEP 06 (2021) 093]

https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
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Signalsensitivity: acceptances

ÅIncreased selection efficiencies:

üNew K-pi matching technique.

üRe-tuned vertex conditions.

üRelaxation of some vetoes.

ÅImproved precision (plus improved 
systematic uncertainty evaluation).

Case
OLD

2018 (S2)

NEW

2021-22

Norm. 11.8% 13.4%

Signal (6.37±0.64)% (7.62±0.22)%

ὔ ὴ
ꜞ

ꜞ ὴ

ꜞ

ꜞ

ὃ ὴ

ὃ ὴ
Ὀὔ ὴ‐ ὴ‐

Analysis is performed in (5 GeV/c) bins 
of momentum:

Acceptances

+15%

+20%

Acceptances evaluated at 0 intensity.
Intensity dependence captured in ‐



9

Signalsensitivity: trigger efficiencies

ÅTrigger efficiency ratio:

ÅNew: same requests in both 
normalisation& signal triggers: 

partial cancellation.

ÅOld: in 2016- 18 data normalised with 
fully independent min bias trigger:

no cancellation

ÅImproved precision by factor 3 with 
reduced systematic uncertainty. 

‐
‐

‐
‐ ὲὩύ ψυȢω ρȢτϷ

‐ ςπρψ ψω υϷ

Analysis is performed in (5 GeV/c) bins 
of momentum:

ὔ ὴ
ꜞ

ꜞ ὴ

ꜞ

ꜞ

ὃ ὴ

ὃ ὴ
Ὀὔ ὴ‐ ὴ‐
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Signalsensitivity: randomveto
‐ is independent of track momentum 
(related to additional activity only)

Ɇ‐ =Random Veto Efficiency:

ᴼ ρ ‐ =Probability of rejecting a signal 
event due to additional activity.

ÅBalance:

üStrict vetosᵼ lower efficiency

üLoose vetosᵼhigher background

ÅOperational intensity higher but re-tuning vetos

means ‐ is comparable:

‐ newȟ‗ φππMHz φσȢς πȢφϷ

‐ oldȟ‗ τππMHz φφρϷ

ὔ ὴ
ꜞ

ꜞ ὴ

ꜞ

ꜞ

ὃ ὴ

ὃ ὴ
Ὀὔ ὴ‐ ὴ‐
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Signal sensitivity: results

ὔ
ꜞ

ꜞ

ὔ
ὔ Ὀ

ꜞ ὃ

ÅDisplay integrals (15 - 45 GeV/c, 2021+22) for summary tables.

* Acceptances evaluated at 0 intensity.
ꜞ

ρ

ὔ‐ ‐ ὃ

ÅSignificant improvement in SES uncertainty:

Åold: 6.3% ð> new: 3.5%. Due to:

Åtrigger efficiency cancellations 

Åimproved procedures for evaluation of acceptances and ‐

Double expected signal by 
including 2021 - 22 data.

Assumingꜞ ψȢτ ρπ  :

2021-22:ὔ Ȣ πȢστ

c.f. 2016-18 : ὔ ρπȢπρπȢτς
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Background regions & estimations

Events passing “’’selection
Background Regions: 2021-22 data

CR3pi

CRmu3

ὑ ᴼ““

ὑ ᴼ“““

ὑ ᴼ‘’

Region 1

Region 2

CRmu

CRmu2

CR1

CR2

Backgrounds from kinematic

misreconstructiontails in ά

ὔ ὔ ẗὪ ὔ ẗ
ὔ

ὔ

Number of events passing 

signal selection in 

background region 

Kinematic tail fraction: 

measured in control sample

Control sample events in 

Background Region

Control sample events in 

Signal Regions

Background estimationsin signalregionsvalidatedwith control regions
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Upstream background mechanism

ÅA kaon decays upstream the 
fiducial decay region

ÅOnly a ˊ+ enters the fiducial 
decay region

ÅThere is an in-time pileup 
beam particle (in GTK)

ÅThe upstream ˊ+ is scattered 
in the first STRAW chamber, 
and a fake vertex in the 
fiducial decay region is 
reconstructed

Remind: Secondary χυGeVȾὧbeam   :“ȡχπϷ, ὴȡςσϷ, ὑ ȡφϷ
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Upstream background evaluation
ÅUpstream reference sample contains all known 

upstream mechanisms

üὔprovides normalisation

üὪ depends only on geometry

üὖ depends on ɝὝȟὔ

VALIDATION SAMPLES:

invert & loosen upstream vetosto enrich with 
different mechanisms

ὔ ВὔὪ ὖ

Upstream Reference Sample:  

signal selection but invert CDA cut (CDA>4mm)

Scaling factor : bad cdað> good cda

Probability to pass ὑ “ matching

ὔ
Ὢ
ὖ

ὔ UpstreamχȢτ Ȣ
Ȣ

Calculate using bins (i) of ɝὝȟὔ
[Updated to fully data-driven procedure]

Ὢ πȢςππȢπσὔ υρ ὖ χσϷ
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Summary of expectations

Åὔ per SPS burst: ςȢυ ρπ in 2022

ρȢχ ρπ in 2018. ᵼsignal yield increased by 50%

ÅSensitivity for BR Ḑ Ὓ ὄȾὛsimilarbut improved with 
respect to 2018 analysis, for same amount of data

ꜞ πȢψτψπȢπςωρπ ὔ
ȟ ꜞ

ꜞ

Signal Sensitivity

Backgrounds

Assuming ꜞ ψȢτ ρπ  :

2021-22 :ὔ Ȣ πȢστ

2016-18 : ὔ ρπȢπρπȢτς
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Signal regions: 2021-22 Data

Expectedbackground: ὔ ρρȢπ Ȣ
Ȣ

Observed: ὔ σρ

1D projection with differential background predictions & 

SM signal expectation [not a fit]:2021-22 data

ExpectedSM signal: ὔ ρπ
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Combining NA62 results: 2016- 2022
ÅIntegrating 2016- 2022 data: ὔ ρψ , ὔ υρ.

ÅBackground-only hypothesis p-value = ς ρπ ᵼsignificance ὤ υ

ꜞ ὑ ᴼ“’’ ρσȢπ Ȣ
Ȣ ρπ ρσȢπ Ȣ

Ȣ
ίὸὥὸȢ

Ȣ
ίώίὸ ρπ
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Results in context

ꜞ ρπȢφ Ȣ
Ȣ ρπ

PRD 79 (2009) 092004

ꜞ ρχȢσ Ȣ
Ȣ ρπ

[PRD 79 (2009) 092004]

ꜞ ρφȢς Ȣ
Ȣ ρπ

ꜞ ρσȢπ Ȣ
Ȣ ρπ

[JHEP 06 (2021) 093]

ÅNA62 results are consistent

ÅCentral value moved up (now 1.5- 1.7„above SM)

ÅFractional uncertainty decreased: 40% to 25%

ÅBkg-only hypothesis rejected with significance Z>5

https://inspirehep.net/literature/814428
https://inspirehep.net/literature/1854186
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23-24 working-in-progress data analysis

[2025 NA62 SPSC Report]Å2024 data-taking conditions lead to a 

slightly higher signal yield per spill:

ü lower signal loss due to random 

activity in veto detectors that 

compensates the lower number of 

normalization events

Å Increase of the overall expected signal 

yield, given the smoother and therefore 

more efficient collection of SPS spills

The addition of the 2023ï2024 dataset is expectedat least to

double the signal yield of the already published 2016-2022

dataset,with the samelevelof relative background

https://cds.cern.ch/record/2931958
https://cds.cern.ch/record/2931958
https://cds.cern.ch/record/2931958
https://cds.cern.ch/record/2931958
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Conclusions

ÅNew resulton ὑ ᴼ“’’decay using NA62 2021-22 dataset, combinedwith 
2016-18:

Å25% relative precisionachieved

ÅBR consistent with SM prediction within 1.7„

ÅBackground-only hypothesis rejected with significance Z>5

ĄFirst observationof the + ᴼʌʉʉdecay

ÅNeedfull NA 62 data-set to clarify SM agreement or tension

Å2023 - 2026 data-set collection & analysis in progress, to achieve precision 
better than 20%

ÅOther results from NA62 on Vus will be presented by J. Swallow this afternoon 

ꜞᴼ ρσȢπ Ȣ
Ȣ ρπ [JHEP 02 (2025) 191]

https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2860356


Thank you!
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NA62 upgradesfor 2021-22 data taking
ÅNew detectors, installed during LS2:

Å4th GTK (Kaon beam tracker) & rearrange GTK achromat (GTK2 upstream of scraper).

ÅNew upstream veto (VetoCounter) & veto hodoscope (ANTI0) upstream of decay volume.

ÅAdditional veto detector (HASC2) at end of beam-line.

ÅIntensity increased by σͯυϷwith respect to 2018 [450 O 600 MHz]. 

ÅImprovements to the trigger configuration.
New detectors installed in 2021:

VetoCounter

ANTI0
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ÅInputs: spatial (CDA) & time 

(ɝὝ) matching, 

intensity/pileup (ὔ ) [prior]

ÅModels for PDFs/Prior from 

ὑ ᴼ“““ data

ὖ ὅὈὃ

ὖ ὅὈὃ

Bayesian classifier for ὑ “ matching Example of 

selection update

ÅOutput: posterior probability of GTK track = true ὑ
ÅUse likelihoods of kaons (K) and pileup (P)

ÅLikelihood ratio used to select true match when ὔ ρ

ÅEfficiency improved (+10%) and 
mistaggingprobability maintained.

‐ ψπϷ ὖÍÉÓÔÁÇςϷὖÍÉÓÔÁÇφϷ

‗ ‗
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Backgrounds from kinematic tails
ὑ ᴼ““

control sample of ὑ ᴼ““ events with 

“ ᴼ‎‎and 2 photons detected in LKr :

ὔ ὑ ᴼ““ πȢχφ πȢπτ

ὑ ᴼ‘’

ὔ ὑ ᴼ‘’ πȢψχπȢρω

control sample of ὑ ᴼ‘’events with 

RICH PID=“ and Calo PID=‘ :

Å<1% contribution from ὑ ᴼ‘’followed by ‘ ᴼὩ’’

ὑ ᴼ“““
ÅUse MC to measure Ὢ : ὔ ὑ ᴼ“““ πȢρρπȢπσ
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Radiative decays: ὑ ᴼ““‎  &ὑ ᴼ‘’‎
Ɇὑ ᴼ““‎:not included in ñkinematic tailsò estimation if the radiative photon 

is detected in LAV, LKr , IRC or SAC.

ÅSuppression: photon vetos, rejection with additional ‎is 30x stronger.

ÅEstimation: tails from MC + measured single photon rejection efficiency : ὔ ὑ ᴼ““‎ πȢπχ πȢπρ
ÅValidation: ά control regions (CR1,2)

Ɇὑ ᴼ‘’‎:not included in ñkinematic tailsò estimation if ‎overlaps ‘ at LKr , leading to misID as “
ÅSuppression: based on ὖ ὖ ὖ and Ὁ with ‎= LKr cluster (mis)associated to muon.

ÅNecessaryfor 2021ð22 data, sinceCalorimetricPID degradedathigherintensities.

ÅEstimation: min. Bias data control sample with signal in MUV3 : ὔ ὑ ᴼ‘’‎ πȢψς πȢτσ
ÅValidation: data sample without ὑ ᴼ‘’‎veto and PID = ñless pion-likeò (Calo BDT bins below “ bin).

Sketch only

ÅBefore ὑ ᴼ‘’‎veto: found excess of events at ὴ
συGeVȾὧin Region 2 relative to 2016ð18 data.

ÅAdditional background identified and studied in data control samples & 
MC.

Ąὑ ᴼ‘’‎veto added to selection criteria for final analysis.
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Results: 2021ð22 Data

ꜞ ὑ ᴼ“’’ ρφȢς Ȣ
Ȣ ρπ ρφȢς Ȣ

Ȣ
ίὸὥὸȢ

Ȣ
ίώίὸ ρπ

Evaluate statistical-only component by repeating procedure assuming exact knowledge of signal and background expectations

After fit 
(use measured BR)

ÅMeasure ꜞ and 68% ρ„ confidence interval 

using a profile likelihood ratio test statistic ή—
ÅUse 6 (momentum bin) categories
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Results in context

Ⱬⱨⱨקּ Ȣ Ȣ
Ȣ

Ɑrange : [ 7.4 ð 19.7]

ÅFractional uncertainty: 25%

ÅBkg-only hypothesis rejected 
with significance Z>5

ÅObservation of the ὑ ᴼ“’’
decay with BR consistent with 
SM prediction, within 1.7„

üNeed full NA62 data-set to 
clarify SM agreement or 
tension
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Correlations with other mesondecays

[JHEP 02 (2025) 191]

ÅNew study of ὑ ᴼ“’’decay using NA62 
2021ð22 dataset, combinedwith 2016ð18:

[JHEP 02 (2025) 191]

Ɇꜞ ὑ ᴼ“’’ ρσȢπ Ȣ
Ȣ ρπ

ÅBR consistent with SM prediction within 1.7„
ÅNeed full NA62 data-set to clarify SM agreement or 

tension, consideringalso correlations with other
mesondecaychannels

[PLB 861 (2025) 139295]

https://inspirehep.net/literature/2860356
https://inspirehep.net/literature/2843500
https://inspirehep.net/literature/2843500
https://inspirehep.net/literature/2843500
https://inspirehep.net/literature/2843500
https://inspirehep.net/literature/2843500
https://inspirehep.net/literature/2843500
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ὔ
ȟ

assumes:

ꜞ ψȢτ ρπ

The story so far: ὑ ᴼ“’’

2016 data [PLB 791 (2019) 156] 2017 data [JHEP 11 (2020) 042] 

[JHEP 06 (2021) 093] 

ꜞὑ ᴼ“’’ ρπȢφ Ȣ
Ȣ
ÓÔÁÔπȢωÓÙÓÔρπ ͽφψϷ#,

Background-only hypothesis: ὴ σȢτ ρπ ᵼsignificance=σȢτ„

Statistical combination:

https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/1854186


30

ÅUse BDT classifier for LKr & MUV1,2

Å+ MUV3 (fast ‘ detector)

RICHCalorimeters
Particle ID performance : 2021ð22 data

Designed to distinguish between 

ϳ“ ‘ with ρυσυ'Å6Ⱦὧ

0‘ᵼ“ ρȢσ πȢς ρπ

0“ χσϷ


