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Highly suppressed in SM:

V Quadratic GIM suppression ~ ( m top / m W) 2 

V Maximum  CKM suppression ( BR ~| Vts*V td | 2)

Electroweak Box & Penguin (one - loop) diagrams

Theoretically very clean:  

V dominant short -distance contribution

V hadronic matrix element extracted from K +  Ÿ p0e+ne
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K pOnn in  the Standard Model

Flavour  Changing Neutral Current ( sĄd) process  forbidden at tree level 
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Experimental Status:

Ą see E. Goudzovskiôs talk

Ą THIS TALK



KŸ pnn probes of unique sensitivity for NP 

models among B and K decays

(NP searches complementary/alternative to LHC)

Zô(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 +Ÿ p+nn) and neutral (K L Ÿ p0nn) modes allows to 

discriminate among different NP scenarios

Indirect searches of New Physics with high precision studies of rare K decays 

K pOnn and New Physics

3

[Buras, Buttazzo, Knegjens, JHEP1511(2015)166]

Correlations significantly change for different 

classes of NP models
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Probing third - generation New Physics

ü EFT with dimension -six semileptonic  operators built in terms of SM fields

ü Minimally -broken U(2) 5 flavour symmetry acting on the lightest two SM families
ü Reduce the number of relevant operators and free parameters

ü Using 5 parameters analyse a large set of observables that includes direct searches, EWPO, FCNC 

ü Key role of the two neutrino modes in determining the allowed parameter space

[arXiv.2410.21444] (for comparison)

(*)NA62 K +  Ą p+nn result from 2016 -2022 datasets, updated plots in preparation 4

https://doi.org/10.48550/arXiv.2410.21444


Rare kaon decays CERN: NA62 (K+), LHCb (KS)

J-PARC: KOTO, KOTO-II (KL)

5Angela Romano, Rare & Strange 2026



The KOTO Experiment

Search for KL  Op0nn @ J-PARC
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Search for KL  Op0nn @ J-PARC

The KOTO Experiment

Primary 30 GeV/c protons  on gold target located in HEF

Secondary neutral beam (K L , neutrons, photons)

Ṋ beam angle ~16 ° , 7.8 ȉsr ñpencilò beam

Ṋ KL momentum peak: 1.4  GeV/c

Ṋ KL flux: 2.1 x10 -7 per proton on target

Ṋ Fiducial decay region ~3 m

Hermetic 
Veto Systems

To suppress KL  Op
0p0 

Lead -scintillator sandwich

Plastic scintillator counter

CsI  Calorimeter from KTeV
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Signal: 2 photons from p0 

+ nothing else in detector



KOTO Timeline & Datasets

2015 physics run : 40 kW beam power, 3 × 10 19 P.O.T
BR(K L pO

0nn)<3.0 × 10ī9 (90% CL) [PRL 122 (2019) 021802]

2016 - 2018 physics runs : 50 kW beam power, 4 × 10 19 P.O.T

BR(K L pO
0nn)<4.9 × 10ī9(90% CL) [PRL 126 (2021) 121801]

P.O.T 

Protons On Target
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KOTO Timeline & Datasets

2021 physics run : 64kW beam power, 3.3 x 10 19  P.O.T Ą result presented in this talk 

b eam  power gradually increased:  64 kW(2021) Ą 80kW(2024) Ą 92kW(2025)

2024 - 25 physics run: collected  approximately twice the statistics compared to the 2021 data

P.O.T 

Protons On Target
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KLᴼ̄
0˄ ˄Signal & Backgrounds

KL  Op0nn signature: 2 photons from p0 + missing Pt + nothing else

Assuming 2  ɹfrom ˉ0, calculate Z vertex

Signal region defined by ˉ0 Z and transverse momentum (Pt)

Signal KL  Op0nn in KOTO detector: 
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KLᴼ̄
0˄ ˄Signal & Backgrounds

Background rejection relies on kinematics , photon detection and veto systems

KOTO Keystones:

ü Pencil neutral beam (precise PT)

ü Hermetic photon rejection

ü Charged particle veto

Backgrounds from KL decays:

Ó 2 extra photons or Ó 2 tracks to veto 

KLŸ gg: 2gs + nothing else (but PT = 0)

KL  Op0nn signature: 2 photons from p0 + missing Pt + nothing else

Signal KL  Op0nn in KOTO detector: 
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Overview of 2021 Data Analysis

[PRL 134 (2025) 081802]

Single -event sensitivity (SES):

Expected: 0.03 SM signal + 0.25 background events

No observed events inside signal region 
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Signal

region



The Global Picture

ü KL Ą p0nn not observed yet

ü Only KOTO is searching for K L Ą p0nn

ü Best limit with KOTO 2021 data

ü KOTO 2024 -25 data analysis ongoing.. stay tuned!
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KOTO Searches for ╚L Ÿ Ⱬ0╧0

Set model - independent BR upper limits for ╚L Ÿ Ⱬ0╧0: using KOTO 2021 dataset

ü Peak search in ά  = ( ὖ ὖ) 2 = ά
ü╚L Ÿ Ⱬ0nn is the dominant background

[PRL134(2025)081802]

The limit for M X
0 = 135MeV/c 2 is set to 1.6 x 10 ī9 at 90% C.L.

These results improved the previous upper limit from KOTO by a factor of 1.4
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KOTO: Prospects

Accumulated POT will reach ×10 

more than 2021 data around 2028 

Assume the same sensitivity of 2021 data analysis

Improved conditions for KL  Op
0nn search thanks to the upgrades

KOTO upgrades (2021 - 23) 
V Upstream Charged Veto 
V Permanent magnet at the end of beam - line 
V DAQ system

Analysis of KOTO 2024 - 25 data
V x2 statistics of 2021 data
V expected bkg  improvement wrt  2021 data analysis
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From KOTO to KOTO II

Jan 2025 : Presentation of the KOTO II proposal at J -PARC PAC (https:// arxiv.org /abs/2501.14827)

Proposal was scientifically approved (Stage -1 status) : J -PARC E107 experiment 

ü July 2025: KOTO II collaboration was formed (KEK as a host) 
ü December 2025: Collaboration By -Law created, structure defined
ü January 2026: Working Groups in action

75 members from 26 institutions in 10 countries

KOTO II workshop

Mainz, September 2025

19
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KOTO II: Experimental Principle

Long, narrow beamline

Signal: p0 (  Ogg) + nothing else
            Higher pT of p0 (due to two missing neutrinos)

Detector:
Å Calorimeter to detect 2 g

Å Reconstruct p0 assuming Z vertex on beam axis
Å Hermetic veto counters
Å Need to cover beam hole where detector operation is difficult

Experimental principle (a la KOTO):
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KOTO II: Sensitivity Improvements

Key factors to improve the sensitivity:
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[arXiv: 2501.14827 ]

Aiming to run in mid 2030ôs in Hadron Hall extension.
Expect 35 SM KL  Op

0nn events (40 background), ~25% precision on branching fraction

Sensitive to BSM with >40% deviation from SM at 90% C.L. 

KOTO II
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ü 100kW beam, 3x10 7 s = 6.3 x 10 20 P.O.T

ü SES: 8.5 x 10 -13 , S/B=0.9

ü 35 SM signal / 40 background events

Ą 5.6s observation

ü DB/B = 25% for SM value of branching fraction

40% deviation from SM Ą 90% C.L. indication of NP

KOTO II: Impact & Global picture

May find New Physics or severely constrain it

NA62 (2016-2024)

Ȣ Ȣ
Ȣ 

ς„

ρ„

Example

250% deviation from SM

70% deviation from SM
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KL Ÿ ́
0ǎ+ǎī in the Standard Model

Contributions from long-distance physics

ÅSD CPV amplitude: ɔ/Z exchange

ÅLD CPC amplitude from 2ɔ exchange

ÅLD indirect CPV amplitude: KL Ÿ KS

ÅKSŸ ́
0ǎ+ǎī will help reducing theoretical uncertainties, measure |aS|

Åmeasured NA48/1 with limited statistics

Åplanned by LHCb Upgrade

ÅKL Ÿ ́
0ǎ+ǎī can be used to explore helicity suppression in FCNC, give 

unique access to SD BSM effects in the photon coupling via the tau loop 

KL Ÿ ́
0ǎ+ǎī CPV 

amplitude 

constrains UT ɖ

Main background: KL Ÿ ǎ
+ǎīɔɔ

ÅLike KL Ÿ ǎ
+ǎīɔ with hard bremsstrahlung

BR(KL Ÿ e
+eīɔɔ) = (6.0 Ñ0.3) Ĭ10ī7 Eɔ* > 5 MeV

BR(KL Ÿ ɛ
+ɛīɔɔ) = 10+8

-6Ĭ10ī9mɔɔ> 1 MeV
Greenlee

PRD42 (1990)

BR(KL Ÿ ́
0e+eī) < 28 Ĭ10ī11

BR(KL Ÿ ́
0ɛ+ɛī) < 38 Ĭ10ī11 

Experimental bounds from KTeV: Phys. Rev. Lett. 93 (2004) 021805 

Phys. Rev. Lett. 84 (2000) 5279ï5282 

(2 sets of values corresponding to constructive (destructive)

interference btw direct and indirect CP-violating contributions)
[arXiv:hep-ph/0404127,arXiv:hpe-ph/0404136, arXiv:hep-ph/0606081]

[arXiv:0705.2025, arXiv:1812.00735, arXiv:1906.03046, https://indico.cern.ch/event/1196830/]
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N. Mahmoudi                                Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024                        5

Rare kaon decays

SD dominated 
ǒ K+  ǋŸ + ǈǈ   and  KL  ǋŸ 0 ǈǈ  (golden channels)

Excellent theore cal precision!

LD dominated
ǒ KL  ǇǇ,  KŸ S  ǇǇ Ÿ , K+  ǋŸ + ɜɜ    and  KL   ǋŸ 0 ɜɜ, ...  
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Prospects for KOTO-II

Scenario 1

Projec on A
Observables already measured are kept, others assumed 
at their SM values, all with target precision of KOTO-II

Projec on B
All measurements give current best-[ t point with 
target precision of KOTO-II 

 current sutuation____

o Final NA62 precision for K+  ǋŸ + ǈǈ  

o Final KOTO-II precision for KL  ǋŸ 0 ǈǈ

Access to photon coupling Can be used to explore 

helicity suppression in FCNC decays, give unique access 

to SD BSM effects in ‎ coupling via Ⱳ loop 
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All observables
Rare kaon observables

We assume NP contributions of the charged and neutral 
leptons related to each other by the SU(2)L gauge symmetry 
and we work in the chiral basis

Bounds from individual observables:
Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits

KL Ÿ ́
0ǎ+ǎī and New Physics

Lepton Flavour Universality Violation:
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All observables
Rare kaon observables

We assume NP contributions of the charged and neutral 
leptons related to each other by the SU(2)L gauge symmetry 
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Bounds from individual observables:
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Prospects for KOTO-II

Scenario 1

Projec on A
Observables already measured are kept, others assumed 
at their SM values, all with target precision of KOTO-II

Projec on B
All measurements give current best-[ t point with 
target precision of KOTO-II 

 current sutuation____

o Final NA62 precision for K+  ǋŸ + ǈǈ  

o Final KOTO-II precision for KL  ǋŸ 0 ǈǈ

[DôAmbrosio, Iyer, Mahmoudi, Neshatpour 2206.14748, 2311.04878, 2404.03643] 

  

N. Mahmoudi                                Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024                        31

Prospects for KOTO-II

Scenario 1

Projec on A
Observables already measured are kept, others assumed 
at their SM values, all with target precision of KOTO-II

Projec on B
All measurements give current best-[ t point with 
target precision of KOTO-II 

 current sutuation____

o Final NA62 precision for K+  ǋŸ + ǈǈ  

o Final KOTO-II precision for KL  ǋŸ 0 ǈǈ

22Angela Romano, Rare & Strange 2026



Measurement of KL Ÿ ́
0ǎ+ǎī in KOTO II

Compatibility with neutrino channel is under study
Probably, a second phase of KOTO II with dedicated tracking
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KOTO: Conclusions & Prospects

ü KOTO has collected ~ twice the stats in 
2024 -2025 compared to 2021 data

ü Performances of the upgrades 
performed from 2021 are confirmed

ü Aim at the search for KL  Op
0nn with 

combined 2021+2024+2025 data

ü KOTO should reach sensitivity level of 
KL  Op

0nn better than 10 -10 in 3 -4 years

[PRL 134 (2025) 081802]
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KOTO II: Conclusions & Outlook

ü KOTO II is a next generation experiment to measure B(KL  Op
0nn) in 2030s at J -PARC in 

extended Hadron Hall

ü Assuming SM branching ratio and 3x10 7s running time 

Å 35 signal and 40 background events are expected

Å this gives >5 ů discovery and ǧB/B=25%.

üMeasurement of another FCNC mode K L Ÿ p0l+ lī is also planned 

Only dedicated kaon experiment planned worldwide after the end of NA62 and KOTO

KOTO II Proposal is scientifically approved (J -PARC Stage -1)

üWork to contain the cost of Hadron Hall extension is ongoing

ü R&D on detector design & TDR towards Stage -2 approval is in preparation
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KOTO: background sources
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KOTO: broader programme


