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Golden Kaon Decays

Ultra-rare Kaon decays:	

► Flavor-changing processes with unique 
sensitivity to New Physics because of 
box & penguin diagrams.	

► Highly suppressed in the SM.	
➜ Sensitivity to New Physics at energy 

scales far beyond collider energies.	
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These are the decays to go for!

Decay SM Branching Ratio

KL➝ π0νν̄ (2.94 ± 0.15) × 10–11   [1]

K+➝ π+νν̄ (8.60 ± 0.42) × 10–11   [1]

KL➝ π0𝓵+𝓵– (SD) (3.5 ±      ) × 10–11   ee,  [2] 
(1.4 ± 0.3) × 10–11  µµ, [2]

KL➝ µ+µ– (SD) (6.8 ±      ) × 10–9         [3]
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Decay ΓSD/Γ Theory err.* SM BR ´ 1011 Exp. BR ´ 1011

(Sep 2019)
KL→ µ+µ− 10% 30% 79 ± 12 (SD) 684 ± 11
KL→ π0e+e− 40% 10% 3.2 ± 1.0 < 28†

KL → π0µ+µ− 30% 15% 1.5 ± 0.3 < 38†

K+ → π+νν 90% 4% 8.6 ± 0.4 < 18.5†

KL → π0νν >99% 2% 2.9 ± 0.2 < 300†

Rare kaon decays
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†90% CL*Approx. error on LD-subtracted rate excluding parametric contributions
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https://arxiv.org/abs/2205.01118
https://arxiv.org/abs/2205.01118
https://arxiv.org/abs/hep-ph/0606081
https://arxiv.org/abs/hep-ph/0606081
https://arxiv.org/abs/hep-ph/9704376
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The Landscape
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J-PARC
KOTO	
KOTO II

CERN
NA62	
(LHCb)
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K → πνν and new physics

4

New physics affects BRs differently for K+ and KL channels
Measurements of both can discriminate among NP scenarios

BR(K+ → π+νν) × 1011

B
R

(K
L →

 π
0 ν
ν)

 ×
 1

01
1

Buras, Buttazzo, Knegjens
JHEP 1511

●  Models with CKM-like 
flavor structure
− Models with MFV

●  Models with new flavor-
violating interactions in 
which either LH or RH 
couplings dominate
− Z/Z′ models with pure 

LH/RH couplings
− Littlest Higgs with      

T parity

●  Models without above 
constraints
− Randall-Sundrum

−

−

−

NA62

► 2016-18 + 21/22 data:

      51 events  (18 estimated bkg.)

      Br(K+ ➞ π+νν̄) = (13.0          ) × 10–11

     Smallest ever discovered Br!

4

+ 3.3	
– 3.0

NA62 2016-22
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► 2016-18 + 21/22 data:

      51 events  (18 estimated bkg.)

      Br(K+ ➞ π+νν̄) = (13.0          ) × 10–11

     Smallest ever discovered Br!

► All NA62:  2016-26 (up to LS 3)

About 2.5 × NK with similar S/N.

      ➜  Total error of ≈ ± 1.8 × 10–11

4

+ 3.3	
– 3.0

NA62 2016-22

NA62 total?
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KOTO

► 2021 Data: 

      Single Event Sens. = 9.3 × 10–10,
      no signal candidates. 

➜ Upper limit (PRL 134 (2025) 081802): 
Br(KL ➞

 π0νν̄)  <  2.2 × 10–9

5

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081802
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KOTO

► 2021 Data: 

      Single Event Sens. = 9.3 × 10–10,
      no signal candidates. 

➜ Upper limit (PRL 134 (2025) 081802): 
Br(KL ➞

 π0νν̄)  <  2.2 × 10–9

► Full KOTO: up to ~ 2030
      Better Detector (less background),
      better DAQ (for 100 kW beam).  

➜ Br Sensitivity  ~  1 × 10–10

5

KOTO limit 2027 ?

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081802
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KOTO ➞ KOTO II:  J-PARC Hadron Facility Extension
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Today Extension

Extension is supported by KEK Project Implementation Plan 2022	
➜  Top priority to request new budget, decision in 2027.

KOTO
KOTO II
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KOTO II detector (base design)

19

Beam Hole Charged Veto

Modular Barrel Veto	
(1mm lead & 5 mm plastic 
scintillator + WLS fibres

Calorimeter 
(undoped CsI)

Beam Hole Photon Veto

KOTO II Detector: Base Design

► „Hollow calorimeter“	
➜ Both γ detection and 

low-energy veto.	
» Time resol. ≤ 1 ns	
» γ directionality,      

if possible.	

► For KL➝ π0𝓵+𝓵– :	
➜ Additional tracker 

(not shown, Straws?)	
➜ Tracking barrel veto

7
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KOTO II Expected Signal Yield

Assuming:	
► Beam power:   100 kW (as in KOTO)	
► Running time:  3 × 107 s	
➜ 6.3 × 1020 pot 	
➜ 35 expected SM KL

 ➞ π0νν̄ events

8

KOTO KOTO II K II/K I

KL yield (arb. units) 1 2.6 2.6

Decay probability 3.3 % 10 % 3

Geom. acceptance 26 % 24 % 0.9

Selection efficiency   3 % 26 % 8.7

1 – Accidental loss 64 % 39 % 1.7

1 – Backsplash loss 50 % 91 % 1.8

Total improvement 190

Comparison KOTO – KOTO II

KOTO II 190 × more sensitive than KOTO 0 5 10 15 20
z  [m]

p T
  [
M
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/c
]

0
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10
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K L
 ➞ π0νν̄ 	

35.3 ± 0.4 SM events

signal region
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●  Models with CKM-like 
flavor structure
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●  Models with new flavor-
violating interactions in 
which either LH or RH 
couplings dominate
− Z/Z′ models with pure 

LH/RH couplings
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T parity
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−
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NA62 2016-22

NA62 total?

KOTO limit 2027 ?

KOTO II Sensitivity

Assumptions:
► 100 kW beam
► 3 × 107 s
► SES = 8.5 × 10–13, S/B = 0.9

➜ 35 SM signal events                      
40 background events

➜ ΔBr/Br ≈ 25 %                        
	for SM value of Br.

9
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KOTO II Sensitivity

Assumptions:
► 100 kW beam
► 3 × 107 s
► SES = 8.5 × 10–13, S/B = 0.9

➜ 35 SM signal events                      
40 background events

➜ ΔBr/Br ≈ 25 %                        
	for SM value of Br.

➜ New Physics at 90% CL with 	   
40% deviation from SM.

9
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KOTO II Roadmap
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Roadmaps 4

Year
Hadron 

Experimental 
Facility Extension

Beam 
@Current 

hall 

Beam 
@Extended 

hall 
Target

2026
2027 Budget request Large scale budget request to Government
2028 Construction On Off Budget request outcome and TDR prepration
2029 Construction On Off PAC Stage-2 approval
2030 Construction On Off Finish KOTO data taking + Special runs

2031 Construction Off Off Annex ready 
(Space can be used)

2032 Construction Off Off Start detector installation
2033 Construction Off Off Installation of beam survey detector 

2034 Beam On On Beam line ready 
Beam survey

2035 Beam On On First physics

Hyper Kamiokande 
 will start from 2028

Beam sharing 
FX(Neutrino) and SX(KOTO/KOTO II/Hadron) 
When COMET will ready, FX, SX, and COMET

Note: J-PARC belongs to KEK. KOTO II is therefore a KEK experiment a Belle 2.
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KOTO II Collaboration

► Experiment scientifically approved: J-PARC KOTO II (E107)                                                
Note: J-PARC belongs to KEK. KOTO II therefore is a KEK experiment like Belle 2.	

► KOTO II Collaboration just being formed.	
► Spokespersons:  Cristina Lazzeroni (Birmingham),  Hajime Nanjo (Osaka)	
► 77 members, 34 institutions, 11 countries

11

• 13 inputs from country groups, institutions,  and theorists in the KOTO II 
collaboration 
• Strong messages to realize KOTO II with KEK as a host institution 
• We will endeavour to realize KOTO II 
• We will do all we can to secure funding and contribute to the successful 
realization of KOTO II 
• We will make our best / all possible efforts to realize KOTO II

Comments from KL2 3

• 13 inputs from country groups, institutions,  and theorists in the KOTO II 
collaboration 
• Strong messages to realize KOTO II with KEK as a host institution 
• We will endeavour to realize KOTO II 
• We will do all we can to secure funding and contribute to the successful 
realization of KOTO II 
• We will make our best / all possible efforts to realize KOTO II

Comments from KL2 3

Proposal:  arXiv:2501:14827

KOTO II workshop at Mainz 
2-day workshop on 13-14 September 2025.

• First In-Person Collaboration-Wide 
meeting 

• Discussed  
• Experimental design 
for KL→π0νν 

• Measurement of BR(KL→π0ℓℓ) 
• Detector R&D 
• DAQ scheme  
• Simulation framework

24

1st Collaboration Meeting in Mainz, Sep 2025
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KOTO II Timelines and German Participation

NA62:	     JGU Mainz, MPI Munich	

KOTO:	     No German participation	
KOTO II:   JGU Mainz (➞ Barrel Veto),  … ?! 
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2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Data taking Data analysis

today
LS 3 LS 4

Decision on	
Hall Extension

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

KOTO Data taking

today

KOTO II Data taking (5 yrs)KOTO II	
construction

Hadron Hall Extension


