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Rare kaon decays K⟶𝜋𝜈𝜈

• FCNC loop process of s ⟶ d coupling, CKM-suppressed
• Theoretically clean with hadronic ME from Kl3 decays
• Sensitive to mass scales >> LHC
• LFU sensitivity K⟶𝜋𝜈𝜏𝜈𝜏
• SM predictions (Buras et al., JHEP 11(2015)033)

2New result on the search for the K+ ✓ ◆+ decay at NA62 (R. Marchevski)ICHEP 2020

�e FCNC process !✓p

FCNC loop processes: s + d coupling and highest CKM suppression

-eoretically clean: Short distance contribution

Hadronic matrix element measured with Kl3 decays

SM predictions: Buras. et. al., JHEP11(2015)033

Parametric uncertainty dominates 
[Buras. et. al., JHEP11(2015)033]
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Current status

• CERN NA62 : 
• 2016-8 data with 20 cand/7 bkgd

• goal is 10% measurement 

• J-PARC KOTO-1 : 
• 2016-8 data with 3 cand/1.2 bkgd

BR(KL) < 490 x 10-11 at 90%CL
• goal SM sensitivity with S/B=1

• Both experiments intend to 
reach goals in approx. 2025

NA62:JHEP06(2021)093
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Figure 7. The K+ → π+νν̄ candidate events in the 2018 (left) and 2016–2018 (right) data
sets. Left: reconstructed m2

miss as a function of π+ momentum for events satisfying the K+ →
π+νν̄ selection criteria. The intensity of the grey shaded area reflects the variation of the SM signal
acceptance in the plane. The two boxes represent the signal regions. The events observed in Regions
1 and 2 are shown together with the events found in the background and control regions. Right:
expected numbers of background events and numbers of observed events in the nine categories used
in the maximum likelihood fit to extract the K+ → π+νν̄ branching ratio. Categories 0,1 and
2 correspond to 2016, 2017 and S1 subsets, respectively. Categories 3 to 8 correspond to the six
5GeV/c wide momentum bins of the S2 subset. The observed data for each category are indicated
by black markers with Poissonian statistical errors. The shaded boxes show the numbers of expected
background events and the corresponding uncertainties.

The statistical uncertainties in the SES and N exp
πνν̄ are negligible. The above SES cor-

responds to about 2.7 × 1012 effective K+ decays in the fiducial volume. The external
error in N exp

πνν̄ stems from the uncertainty in the SM prediction of BR(K+ → π+νν̄). The
uncertainty in the background estimate is dominated by the statistical uncertainty in the
upstream background contribution.

A background-only hypothesis test is performed using as a test statistic the likelihood
ratio for independent Poisson-distributed variables as prescribed in [33]. A p-value of
3.4 × 10−4 is obtained, corresponding to a signal significance of 3.4 standard deviations.

TheK+ → π+νν̄ branching ratio is determined using a binned maximum log-likelihood
fit to the observed numbers of events in the nine categories comprising the NA62 data set
(figure 7, right). The parameter of interest is the signal branching ratio. The nuisance
parameters are the total expected numbers of background events in the signal regions and
the single event sensitivities and corresponding uncertainties, obtained separately for each
of the nine categories. For each category, the number of background events is constrained
to follow a Poisson distribution while the SES follows a Gaussian distribution with mean
and sigma as estimated. The resulting branching ratio is

BR(K+ → π+νν̄) = (10.6+4.0
−3.4|stat ± 0.9syst) × 10−11 at 68% CL, (7.1)
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Future possibilities
• CERN KLEVER : 

• Evolve NA62 to accept higher 
intensity charged and neutral kaon 
beams 

• Goal BR(K+) : 5%
• Goal BR(KL) : 20%
• Searches for KL LFV, exotic decays
• Measure BR(KL →𝜋0l+l-)

• J-PARC KOTO-2 : 
• New beam KL beam line, longer 

target, smaller prod. angle, longer 
decay region, large calorimeter

• Goal BR(KL) : 20% with O(35) events

NA62:JHEP06(20 21)093
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• US participation
• US physicists have “contributed to NA62” 

and “played significant roles in  KOTO”. 
• BNL physicists are collaborating with 

KOTO on potential contributions to 
computing, simulation, analysis under 
the US-Japan Cooperation program.
• A US-based, KOPIO-like, KL experiment 

with ~1000 SM event sensitivity could be 
accommodated by an upgraded FNAL 
accelerator complex
• How can the US make contributions to 

rare kaon physics? 


