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K → πνν̄: SM and beyond
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ū, c̄, t̄

W
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• Flavor Changing Neutral Current;
• B(K → πνν̄) highly supressed in SM
• Theoretically clean⇒ high precision SM predictions.
• Correlation between neutral and charged modes:

minimum flavor violation, Z′ model, etc. [JHEP 11
(2015) 166 W]

• Correlation with B(B!K(∗)���): Lepton Flavor
Universality violation [EPJC 77 (2017) 9, 618 W].

• Hidden sector: interpret K → πνν̄ results as K → πX
searches.Joel Swallow

CERN Seminar

 : Precision test of the Standard ModelK ℬ πνν̄

•  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.

→(K ℬ πνν̄)
s ℬ d ∼ mt

mW
V*tsVtd

⇒
→(K ℬ π0ℓ+νℓ)

3

SM: Z-penguin &  box diagrams

Mode SM Branching Ratio [1] SM Branching Ratio [2] Experimental Status

K+ ℬ π+νν̄
KL ℬ π0νν̄

(8.60 ± 0.42) × 10−11
(2.94 ± 0.15) × 10−11

(10.6 ± 4.0) × 10−11
< 2 × 10−9

NA62 16—18 

KOTO (2021 data)

^Recent SM calculations [1:Buras et al. EPJC 82 (2022) 7, 615][2:D'Ambrosio et al. JHEP 09 (2022) 148]

(Differences in SM calculations from choice of CKM parameters: see [Eur.Phys.J.C 84 (2024) 4, 377])

(7.86 ± 0.61) × 10−11
(2.68 ± 0.30) × 10−11
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Figure 1. Illustrations of common correlations in the B(K+ → π+νν̄) versus B(KL → π0νν̄)

plane. The expanding red region illustrates the lack of correlation for models with general LH and

RH NP couplings. The green region shows the correlation present in models obeying CMFV. The

blue region shows the correlation induced by the constraint from εK if only LH or RH couplings

are present.

flavour symmetry [50, 51]. In the latter case we will work at leading order in the breaking of

the symmetry, and therefore assume that only the left-handed quark couplings are relevant,

as in MFV. We will then extend the analysis to more general models with generic flavour

structure.

3.1 Z models with flavour symmetries

In order to exhibit correlations of K+ → π+νν̄ and KL → π0νν̄ decays with other ob-

servables we will first consider two simple Z models in which the quark flavour violating

couplings are consistent either with a U(3)3 or with a U(2)3 symmetry. These models are

very restrictive as the Z mass and its couplings to leptons are known. In particular, in the

conventions of [48] for the couplings ∆(Z) of the Z boson to fermions,

∆νν̄
L (Z) = ∆µµ̄

A (Z) =
g

2cW
= 0.372 . (3.1)

However, in order to be able to generalise our analysis straightforwardly to the Z ′ case, we

will use the general expressions for these lepton couplings.

We will then find that in the case of MFV there is only one new real parameter a and

in the U(2)3 case there are three new real parameters: real a and a complex b.

3.1.1 U(3)3 case

In this case the Z quark flavour violating couplings are given respectively for the three

meson systems (K,Bd, Bs) as follows:

∆sd
L (Z) = aV ∗tsVtd, ∆db

L (Z) = aV ∗tdVtb, ∆sb
L (Z) = aV ∗tsVtb, (3.2)

where a is flavour-universal and real.
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K+ → π+νν̄ @ NA62
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O(104) background suppression from kinematics;
O(108) muon rejection & photo veto from detector.
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K+ → π+νν̄ @ NA62: latest results
[JHEP 02 (2025) 191 W]
• Integrated 2016–2022 dataset: Nbg = 18+3

−2, NSM
πνν̄ ∼ 20, Nobs = 51.
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NA62: 2016-22
SM [JHEP 09 (2022) 148]

SM [EPJC 82 (2022) 7, 615] 

 

B16−22(K+! �+���) = (13:0+3.0
−2.7jstat

+1.3
−1.3jsyst)� 10−11 = (13:0+3.3

−3.0)� 10−11.

5� observation! BR consistent with SM (within 1.7σ).
LPHE - EPFL 04.09.2025 3/5
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Search for K + ! � + X @ NA62
[arXiv:2507.17286v1 W]

� Interpret K + ! � + � �� results as a search for K + ! � + X .
� Model independent upper limits on B(K + ! � + X ).
� Exclude parameter space in benchmark models: BC2, BC4, BC10, BC11, etc.

LPHE - EPFL 04.09.2025 4/5



Conclusion

� First observation of K + ! � + � �� decay with combined
NA62 2016�2022 dataset.

� The smallest branching ratio ever observed at 5 �
signi�cance.

� Branching ratio consistent with SM prediction within
1:7� .

� K + ! � + X searches provide new limits in parameter
space in benchmark hidden-sector models.

� NA62 2023�2024 data analysis is working in progress.
Current statistics will be doubled.

� NA62 will continue to take data until 2026.

LPHE - EPFL 04.09.2025 5/5



Backup slides
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The NA62 experiment

� 300 collaborators from 31 institutions

� Primary goal : B(K + ! � + � �� ) measurement;

� New Technique : K + decay-in-�ight

� Results : [PLB 791 (2019) 156 W] [JHEP 11 (2020) 042 W] [JHEP 06

(2021) 093 W] [JHEP 02 (2025) 191 W].

� Broader physics program :

� Rare K + decays (K + ! � + 

 W, etc.)
� LNV/LFV decays (K + ! � � (� 0)e+ e+ W, etc.)
� Exotics (Dark photon, ALP, HNL W, etc.)
� Neutrino tagging W.

LPHE - EPFL 04.09.2025 2/13



The NA62 detector

Upstream
(measure K + )

Downstream (measure � + )
Decay volume

� 400 GeV=c proton beam on beryllium target; secondary beam at 75 GeV=c with 6% K + .
� Particle tracking : GTK - beam particle, STRAW - downstream tracks.
� PID: Cherenkov detectors (KTAG - K + , RICH - � + ), calorimeters (LKr, MUV1,2), muon (MUV3)
� Comprehensive veto system :

� Upstream: VetoCounter (early decays), CHANTI (beam interactions), ANTI0 (halo particles)
� Downstream: LAV, LKr, IRC, SAC (photon), MUV0 (multiplicity), HASC (photon conversion)

� O (108) muon suppression, � O (108) photon (� 0) veto.
LPHE - EPFL 04.09.2025 3/13



K + ! � + � �� analysis
Analysis Strategy

� Selections:
� Normalization K + ! � + � 0 : 1 downstream track (only); identi�ed as � + ; K + � � +

matching (space & time); upstream vetos.
� Signal K + ! � + � �� : normalization selection + full photon and detector multiplicity cuts

(reject all extra activity).

� Analysis is performed in bins of � + momentum (categories). Fitting all the categories to get the �nal B ( K + ! � + � �� ) .

LPHE - EPFL 04.09.2025 4/13



K + ! � + � �� analysis: signal sensitivity
2021�2022 dataset [JHEP02(2025)191 W]

N �� (1:953� 0:005) � 108

A �� (13:410� 0:005)%
NK (2:85 � 0:01) � 1012

A �� �� (7:62 � 0:22)%
" RV (63:2 � 0:6)%
" trig (85:9 � 1:4)%

BSES (8:48 � 0:29) � 10� 12

N SM
�� �� * 9:91 � 0:34

� 2016�2018 dataset:
N SM

�� �� = (10 :01 � 0:42).

� +50% signal yield, � 2 better
BSES uncertainty.

* Using B SM ( K + ! � + � �� ) = 8 :4 � 10 � 11

[EPJC82(2022)615 W]

LPHE - EPFL 04.09.2025 5/13



K + ! � + � �� analysis: background evaluation
2021�2022 dataset [JHEP02(2025)191 W]

Nbg = N P NNsel
bgR � f tail = N P NNsel

bgR �
N Ctrl

SR

N Ctrl
bgR

� N P NNsel
bgR : Number of events passing signal selection in

background region

� N Ctrl
SR : Control sample events in Signal Regions

� N Ctrl
bgR : Control sample events in Background Region

� Backgrounds don't have a �tail� in m2
miss : other distribution

(CDA for upstream background) / simulation;

K + ! � + � 0(
 ) 0:83 � 0:05
K + ! � + � (
 ) 1:70 � 0:47

K + ! � + � + � � 0:11 � 0:03
K + ! � + � � e+ � 0:89+0 :33

� 0:27
K + ! � + 

 0:01 � 0:01
K + ! � 0 l+ � < 0:001

Upstream 7:4+2 :1
� 1:8

Total 11:0+2 :1
� 1:9

K + ! � + � 0

control sample

PNN sel

LPHE - EPFL 04.09.2025 6/13



K + ! � + � �� analysis
Upstream background : the � + selected in downstream is originated from the upstream instead of a
kaon decay in the decay region, and it's matched with an accidental beam K + .

� Estimation of upstream background relies on the distribution of the Closest Distance Approach
(CDA) of the pion track and the kaon track.

LPHE - EPFL 04.09.2025 7/13



K + ! � + � �� analysis
Validation of background evaluation

Control region prediction (colored) v.s. observation Upstream validation samples

LPHE - EPFL 04.09.2025 8/13
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