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Searches for  at NA62K+ → π+X

➡ Same signature as  except  

‣ Peak search: (SM)  is the dominant background! 

➡ Set model-independent Br upper limits for  

‣ Evaluate the acceptance for any  lifetime   

➡ Evaluate limit for  using NA62  result [JHEP 11 (2022) 011]

K+ → π+νν̄ m2
miss = (PK − Pπ)2 = m2

X

K+ → π+νν̄
K+ → π+Xinv

X → BrUL(mX, τX)
K+ → π+X, X → μ+μ− K+ → π+μ+μ−
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https://link.springer.com/article/10.1007/JHEP11(2022)011
https://link.springer.com/article/10.1007/JHEP11(2025)143


BSM constraints from K+ → π+X
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-BC2: Dark photon (invisible) 

-BC4: Dark scalar 

-BC10: ALP with quark coupling 

-BC11: ALP with gluon coupling 

-Axion: see independent analysis 
from public data (before NA62 
paper) [arxiv:2503.05865] 

‣World-leading limit on axion-
down-strange coupling 

(FV)23 > 1.1 × 1012

 JHEP 11 (2025) 143
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https://arxiv.org/abs/2503.05865
https://link.springer.com/article/10.1007/JHEP11(2025)143


Search for  with NA62π+ → e+N
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➡  decay is characterized by a single 
positron in the final state, similarly to the SM 

 decay 

➡ Experimental signature: 

- with 4-momentum  in the initial state 

-  with 4-momentum  and missing energy in 
the final state 

➡   is the key variable: 

‣  

➡ Selection for each HNL mass hypothesis ( ) 
includes a“mass window” condition:

: background is proportional 
to mass resolution. 

➡ Resolution is crucial to resolve possible HNL mass 
splitting. 

π+ → e+N

π+ → e+ν

π+ Pπ+

e+ Pe+

m2
miss

m2
miss(π

+) = (Pπ+ − Pe+)2

mHNL

|m2
miss − m2

N | < 1.5 σm2
N

Analysis strategy

Phys. Lett. B 872 (2026) 
140119

Nπ =
Nπ

SM − Nπ
K+→μ+ν

Aπ
e ⋅ ℬ(π+ → e+νe) + Aπ

μ ⋅ ℬ(π+ → μ+νμ)
= (6.54 ± 0.03) × 1012

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269325X00137/1-s2.0-S037026932500872X/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20260302T122134Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYW3BGWBEK/20260302/us-east-1/s3/aws4_request&X-Amz-Signature=1f448594ba308b32c7fd54cebbceb24547493b8a1c9478384a7490560873ac94&hash=95244878a97c889853cfa71bb8bd5558f882b363315d3b4b1d459d5c52f0e115&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S037026932500872X&tid=spdf-f641dc34-9a95-4b68-83ae-171b10a65916&sid=36a3934f4fd41243ca383148bbe9d12cc82egxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13175705585e5b0c0f0e&rr=9d605caac9af5602&cc=it


HNL results from 2017-2024 dataset
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Phys. Lett. B 872 (2026) 
140119

Phys. Lett. B807 (2020) 135599

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269325X00137/1-s2.0-S037026932500872X/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20260302T122134Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYW3BGWBEK/20260302/us-east-1/s3/aws4_request&X-Amz-Signature=1f448594ba308b32c7fd54cebbceb24547493b8a1c9478384a7490560873ac94&hash=95244878a97c889853cfa71bb8bd5558f882b363315d3b4b1d459d5c52f0e115&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S037026932500872X&tid=spdf-f641dc34-9a95-4b68-83ae-171b10a65916&sid=36a3934f4fd41243ca383148bbe9d12cc82egxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13175705585e5b0c0f0e&rr=9d605caac9af5602&cc=it
https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269320X00074/1-s2.0-S0370269320304032/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20260302T121936Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY23JZN4T4/20260302/us-east-1/s3/aws4_request&X-Amz-Signature=ee2d795e7eed8f27dc91b71967481a662a6535ee33c58ea245eb11a2772d1fa2&hash=1e52b2c1fdf31f730f5fec012b4c26b5443b82c5d815360633381d590862483f&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269320304032&tid=spdf-ba226b79-97d8-465f-8545-7f696db6ea5f&sid=36a3934f4fd41243ca383148bbe9d12cc82egxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13175705585e5b560d0e&rr=9d6059caef295602&cc=it


Conclusions
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‣ Constraints on the production of a hidden-sector particle  derived from studies of the rare kaon decays 

,  and  

- Scenarios where  is invisible or visible (decaying to a pair of SM particles) are considered 

- New limits obtained for a vector particle decaying to invisible final states, as well as for scalar and ALPs 

- Interpretation of the  measurement to search for  extended to the 2016-2022 dataset, 

provides world-leading constraints in the  ranges  and  

‣ A search for HNL production in  decays performed using the data collected in 2017–2024 

✦ Upper limits for the mixing parameter  established at the  level over the HNL mass range 

 

✦ Improved sensitivity in terms of  is expected including future NA62 data

X
K+ → π+νν̄ K+ → π+γγ K+ → π+μ+μ−

X

K+ → π+νν̄ K+ → π+Xinv

mX 0 − 100 MeV/c2 150 − 260 MeV/c2

π+ → e+N

|Ue4 |2 10−8

95 − 126 MeV/c2

|Ue4 |2



Backup



A kaon factory at CERN

NA62

‣ Beam from the SPS: 400 GeV/c protons on Be target  

‣ Secondary 75 GeV/c beam hadrons (70% , 24%  and 6% ) 

‣ Decay in flight:  decay in a 60 meters long volume

π p K

K+

Timeline of the NA62 
Experiment:

2009-2014 

Detector R&D 
Installation

2016-2018 

Run1

2019-2021 

LS2 upgrade

2021-2026 

Run 2

The main aim of NA62 is to study the FCNC process K+ → π+νν̄
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 JHEP 02 (2025) 191

https://link.springer.com/article/10.1007/JHEP02(2025)191


Detector overview in kaon mode

‣ Beam from the SPS: 400 GeV/c protons on Be target  

‣ Secondary 75 GeV/c beam hadrons (70% , 24%  and 6% ) 

‣ Decay in flight:  decay in a 60 meters long volume

π p K

K+
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 JHEP 02 (2025) 191

https://link.springer.com/article/10.1007/JHEP02(2025)191


‣  highly suppressed in SM 

‣ GIM mechanism & maximum CKM suppression (  transition):  

‣Theoretically clean  high precision SM predictions: 
‣ Dominated by short distance contributions 

‣  Hadronic matrix element extracted from  decays via isospin rotation

ℬ(K → πνν̄)
s → d ∼

mt

mW
V*tsVtd

⇒

ℬ(K → π0ℓ+νℓ)

  to test Standard ModelK → πνν̄

α

γ β

Im

ℬ(K +
→ π +νν̄)

ℬ
(K

L
→

π0 νν̄
) η̄

ρ̄

(ρ̄, η̄)

1 1.45
ℬ(KL → μ+μ−) charm

|Vtd |
Aλ3

VudV*ub + VcdV*cb + VtdV*tb = 1

VudV*ub

Aλ3

Unitarity triangle

SM: diagrams Z-penguin & box
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 JHEP 02 (2025) 191

https://link.springer.com/article/10.1007/JHEP02(2025)191


 with the NA62 experimentK+ → π+νν̄

Decay mode Branching Ratio [PDG]

(8.60 ± 0.42) × 10−11K+ → π+νν̄ [SM]

K+ → π+π0 (20.67 ± 0.08) %
K+ → μ+νμ (63.56 ± 0.11) %

K+ → π+π+π− (5.583 ± 0.024) %
K+ → π+π−e+νe (4.247 ± 0.024) × 10−5

NA62 strategy 

‣Tag  and measure momentum 

‣ Identify  and measure momentum 

‣Match  and  in time and form vertex 

‣ Determine  

‣Reject any additional activity

K+

π+

K+ π+

m2
miss = (PK − Pπ)2

Buras et al. EPJC 82 (2022) 7, 615
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NA62 performance keystones: 

‣  timing between detectors 

‣  background kinematic suppression form kinematics 

‣  muon rejection  

‣  rejection of  from  decays

𝒪(100) ps

𝒪(104)

> 107

> 107 π0 K+ → π+π0

 JHEP 02 (2025) 191

https://inspirehep.net/literature/2057332
https://link.springer.com/article/10.1007/JHEP02(2025)191


NK =
Nππ D0

ℬππ Aππ

Number of normalisation 
events

Downscaling factor of normalisation 
trigger (generally 400)

Branching ratio of the K+ → π+π0 Acceptance of the 
normalisation selection

ℬSES =
1

NK εRV εtrig Aπνν̄

Random efficiency

Trigger efficiency (ratio)
Signal selection 

acceptance

Number of expected SM events:

NSM
πνν̄ =

ℬSM
πνν̄

ℬSES

(For comparison to previous results use  
[JHEP 11 (2015) 166], but results are independent of this choice)

ℬSM
πνν̄ = 8.4 × 10−11

Effective number of  decays, K+ NK Single event sensitivity 
(Branching ratio corresponding to expectation of 1 event)

 Normalisation channel:  , momentum range .   K+ → π+π0 p ∈ [15,45] GeV/c

Signal sensitivity

12

 JHEP 02 (2025) 191

https://inspirehep.net/literature/1385876
https://link.springer.com/article/10.1007/JHEP02(2025)191


Expected background, Nbg = 11.0+2.1
−1.9

Observed, Nobs = 31

1D projection with differential background predictions & SM signal 
expectation [not a fit]:

2021-22 data
SM expected events, NSM

πνν̄ ≈ 10
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Observed events: 2021-2022 dataset  JHEP 02 (2025) 191

https://link.springer.com/article/10.1007/JHEP02(2025)191


Results: 2021–2022 data

ℬ21−22(K+ → π+νν̄) = (16.0+5.0
−4.5) × 10−11 = (16.0 (+4.8

−4.2)stat [+1.4
−1.3]syst) × 10−11

Use 6 (momentum bin) categories

After fit  
(use measured BR)

 Measure  and 68%  confidence interval 
using a profile likelihood ratio test statistic .

ℬπνν̄ (1σ)
q(θ)

14

 JHEP 02 (2025) 191

https://link.springer.com/article/10.1007/JHEP02(2025)191


Observed events: 2023-2024 dataset
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‣ Expected SM signal:  

‣ Estimated background:  

‣ Observed: 

22.9 ± 1.1

11.9+2.9
−2.3

33

(not a fit)

assuming 
ℬSM = 8.4 × 10−11

NA62 preliminary

NA62 preliminary

Preliminary 
See X. Chang talk



Br measurement: 2023-2024 data
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Fit in  momentum with a 
profile likelihood ratio test statistic

π+

qmin/ndof = 4.4/5

ℬ(K+ → π+νν̄)23−24 = (7.2+2.2
−1.9 |stat

+0.9
−0.9 |syst ) × 10−11 = (7.2+2.3

−2.1) × 10−11

NA62 preliminary
NA62 preliminary

Preliminary 
See X. Chang talk



Results in context
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NA62 preliminary NA62 preliminary

Preliminary 
See X. Chang talk



NA62 and the dark sector searches

18

Dump mode
 Phys.Rev.Lett. 133 (2024) 11, 111802 

Eur.Phys.J.C 85 (2025) 5, 571

Kaon decays

Phys.Lett.B 846 (2023) 138193 

JHEP 03 (2021) 058 

Phys.Lett.B 816 (2021) 

Phys.Lett.B 807 (2020)

Pion decays
JHEP 02 (2021) 201 

JHEP 05 (2019) 182

e+e−, μ+μ−, hadrons

invisible, μ+μ−

invisible

A′￼, S, ALPs

A′￼, S, ALPs, HNL

Vector portal , A′￼

Dark sector dictionary



The vector portal:  decay BC2K+ → π+A′￼(A′￼ → inv.)
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The scalar portal:  decay BC4-invK+ → π+S (S → inv.)
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The scalar portal:  decay BC4K+ → π+S (S → visible)
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ALP coupling to SM fermions: K+ → π+a (a → inv)
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ALPs: K+ → π+a (a → vis)



ALPs: final dataset projection K. Massri, KAON 2025

 @ NA62: 

‣ Sensitivity still to be studied 

 @ NA62: 

‣ ~   improvement expected with final 
2016-2026 dataset

K+ → π+X(X → e+e−)

K+ → π+X(X → μ+μ−)
2 ×

 @ NA62: 

‣ ~   improvement expected with final 
2016-2026 dataset

K+ → π+X(X → γγ)
2 ×

24

NA62 prelim
inary

NA62 prelim
inary

https://indico.cern.ch/event/1485702/contributions/6584995/attachments/3133698/5564706/KAON2025_NA62_prospects.pdf


Dark scalar: final dataset projection

 @ NA62: 

‣ Sensitivity still to be studied 

 @ NA62: 

‣ ~   improvement expected with final 
2016-2026 dataset

K+ → π+X(X → e+e−)

K+ → π+X(X → μ+μ−)
2 ×

25

K. Massri, KAON 2025

NA62 prelim
inary

NA62 prelim
inary

https://indico.cern.ch/event/1485702/contributions/6584995/attachments/3133698/5564706/KAON2025_NA62_prospects.pdf


: mass resolution and acceptanceπ+ → e+N

➡Selection for each HNL mass hypothesis ( ) includes a“mass window” condition: : 
background is proportional to mass resolution. 

➡Resolution is crucial to resolve possible HNL mass splitting. 

mHNL |m2
miss − m2

N | < 1.5 σm2
N

Phys. Lett. B 872 (2026) 
140119
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https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269325X00137/1-s2.0-S037026932500872X/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20260302T122134Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYW3BGWBEK/20260302/us-east-1/s3/aws4_request&X-Amz-Signature=1f448594ba308b32c7fd54cebbceb24547493b8a1c9478384a7490560873ac94&hash=95244878a97c889853cfa71bb8bd5558f882b363315d3b4b1d459d5c52f0e115&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S037026932500872X&tid=spdf-f641dc34-9a95-4b68-83ae-171b10a65916&sid=36a3934f4fd41243ca383148bbe9d12cc82egxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13175705585e5b0c0f0e&rr=9d605caac9af5602&cc=it


HNLs: final dataset projections
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: currently background-limited, sensitivity ~ K+ → ℓ+N (and π+ → e+N) 1/ NK

Final dataset (2016-2026) projection: 

Expect > 4x the statistics of 2016-2018 → ~ 2x improvement on the  ULs on K+ → ℓ+N |Uℓ4 |2

K. Massri, KAON 2025

https://indico.cern.ch/event/1485702/contributions/6584995/attachments/3133698/5564706/KAON2025_NA62_prospects.pdf

