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Introduction: rare kaon decays  

1 
E. Goudzovski / Snowmass RPF, 27 July 2020 

× FCNC processes dominated by 

Z-penguin and box diagrams. 
 

× SM rates related to VCKM with  

minimal non -parametric 

uncertainties.  
 

× Golden modes K­pnn:  

uniquely clean theoretically.  
 

× Decays to charged leptons: affected 

by larger hadronic uncertainties.  

<17.8  

(@ 90% CL) 



K­pnn in the Standard Model 
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Mode Expected BRSM
 Experimental status  

K+­p+nn (8.4°1.0)³10-11 
BR<17.8³10-11 at  90% CL 

(three candidates, NA62 2016+17 data) 

KL­p
0nn (3.4°0.6)³10-11 

BR<300³10-11 at  90% CL 

(KOTO 2015 data) 

BRSM:  Buras et al., JHEP 1511 (2015) 33; tree -level determination of CKM elements  

SM: Z-penguin and box diagrams  

òGolden modesó: ultra -rare decays, precise SM predictions. 
 

× Maximum CKM suppression: ~(mt/mW)2|V* tsVtd | .  

× No long-distance contributions from amplitudes with intermediate photons. 

× Hadronic matrix element extracted from measured BR(Ke3) via isospin rotation.  
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K­pnn and the unitarity  triangle  
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× Dominant uncertainties: CKM parametric;  

intrinsic theory uncertainties are O(1%).  
 

× Work to decrease theory uncertainties 
[e.g.  Christ et al., PRD 100 (2019) 114506]. 
 

× Measurements of both K+ and KL decays: 

a clean sin(2b) measurement, 

an independent CKM unitarity  test.  
 

× Complementarity to measurements in  

the B-sector. Over-constraining the CKM 

matrix: reveal the nature of new physics. 

CKM unitarity  triangle with kaons 

| Vcb|  

Buras et al., JHEP 1511 (2015) 33 



K­pnn and new physics 
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NP with  

CKM-like  

flavour  

structure  

BR(KL­p
0nn) vs BR(K+­p+nn) 
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× Correlations between BSM contributions K+ and KL BRs. [JHEP 1511 (2015) 166] 

× Need to measure both K+ and KL to discriminate among BSM scenarios. 

× Correlations with other observables ( eõ/e, DMK, B decays). [arXiv:2006.01138] 

× Green:  models with CKM-like 

flavour  structure  

V Models with MFV 
 

× Blue:  models with new flavour -

violating  interactions in which 

LH or RH couplings dominate 

V Zɩ models with pure  

LH/RH couplings 
 

× Red: general NP models without 

the above constraints  
 

× The Grossman-Nir  bound:  

a model-independent relation  



KOTO at J-PARC: KL­p
0nn 
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× Primary beam: 30 GeV protons;  

50 kW = 5.5³1013 p/5.2 s as of 2019. 
 

×Neutral òpenciló beam (at 16 )̄:  

<p(KL)> = 2.1 GeV, with 50% 

in the (0.7-2.4) GeV range. 
 

× Beam composition:  

KL, neutrons, photons . 
 

× Fiducial decay region length: 3 m.  
 

× CsI calorimeter + hermetic photon veto . 

 



KOTO status 
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2015 run  
 

× Reached 40 kW beam power,  

3×1019 POT collected. 

× Final 2015 result:  

BR(KL­p
0nn)<3.0 ×10-9 at  90% CL. 

PRL 122 (2019) 021802 

2016-2018 runs  
 

× Reached 50 kW beam power,  

4×1019 POT collected . 

× Preliminary results reported in 2019. 
 

2019 run  
 

× Analysis in progress. 

Finalizing analysis  



KOTO: 2016-18 data analysis 
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Preliminary result (Kaon2019, Sep 2019) + update (J-PARC PAC, Jan 2020)  

After a blind analysis, four candidate events found in the signal region.  
 

× One event demonstrated to be background (timing in a veto counter).  

× Analysis in progress, the background estimate is being revised.  

× No BR(KL­p
0nn) result reported yet.  

× Excess of events above the Grossman-Nir bound: interpretations include  

hidden-sector physics (KL­p
0X).  [e.g.  PRL124 (2020) 071801,191801] 

E. Goudzovski / Snowmass RPF, 27 July 2020 
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Single-event sensitivity: 
BRSES=71×10-11 (=20×BRSM) 

Major backgrounds:  

KL­3p0 endpoint  

KL­p
0nn endpoint  

PT(p
0) vs Zvertex  



Short-term plans: KOTO step-1 
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Signal: need 20 times more (flux × acceptance) to reach SM sensitivity. 

V Increase the beam power (50­100 kW ) gradually by 2024. 

V 8-16 months of additional running planned in 2020-2024. 
 

Background:  need ~10 times improvement in background rejection  

         to obtain S/B º 1, assuming SM signal rate. 

V Continuing programme of incremental detector upgrades.  

Example: 
 

Dual side readout for CsI calorimeter 

modules installed at end of 2018 run  

Resolve g/n  interaction depth by reading  

light from front CsI face with a SiPM 


