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K→πνν in SM 
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SM one-loop diagrams: box and penguins 2 modes: charged, neutral 
 FCNC loop process 
 Theoretically clean 
 CKM suppression:  BR ~ |V*ts  Vtd|2 

BR(K+→π+νν) = (8.4 ± 1.0 ) x 10-11 

BR(K0→π0νν) = (3.4 ± 0.6 ) x 10-11 

Hadronic matrix element extracted 
from well-known decay K+→e+νπ0  

Top contribution 
(dominant) 

EM radiative 
correction charm 

contribution  

Error budget for BR(SM) 
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K→πνν in New Physics       
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Searches for NP in K→πνν: 

 High masses and sizable couplings to SM  

 Constraints from existing measurements 
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K→πνν in experimental physics 
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K+→π+νν 
E949 experiment @ BNL 

K0→π0νν 
E391 experiment @ KEK 

KOTO experiment @ JPARC: 
Better UL (factor ~10) expected 
from 2015 run, SES=1.2x10-9 
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NA62 goals 

6 

Main goal: 
 Measure BR(K+→π+νν) with 10% 

precision  

Beyond the baseline: 
 LFV/LNV in kaon decays  
 Heavy neutral lepton searches 
  π0 decays 
 Hidden sector particles searches 

Requirements: 
 O(100) signal events 
 ~1013 kaon decays 
 ~10% signal acceptance 
 >1012 background suppression 

Technique: 
 Kaon decay-in-flight 

See talk by A. Shaikhiev 31.05.2018 
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NA62 runs 
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NA62 timeline 
 

 2015: commissioning   
(1% of the nominal 
beam intensity I0) 
 

 2016: commissioning + 
physics  (40% I0) 
 

 2017: physics  (60% I0) 

NA62 present & future 
 

 2018: running (60% I0) 
 

 2021-2023:  
      to be approved  

 

NA62 collaboration:  

This talk:  2016 data, ~1x1011 decays useful for K→πνν  
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NA62 setup 
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 K: GTK, KTAG 
 π: STRAW, RICH, MUV 

beam 
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Analysis principle  
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Main kinematical variable for the signal: 
m2

miss = (PK – Pπ)2 

One secondary track 

Background decay modes 

Two signal regions 
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Analysis keystones  
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Blind analysis procedure: 

 Signal regions are masked 

 Control regions for background estimation are masked 
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Analysis steps 
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 Selection: 
 K+ decays with a single charged particle in the final state 
 Particle ID (pion) 
 Photon and multiple charged particle rejection 
 Kinematic selection of Signal Regions 

 Determination of the Single Event Sensitivity (SES) 
 

 Background estimation 
 

 Unblinding Signal Regions 

Trigger streams: 

PNN:                   {RICH hits} x {hodoscope hits} x (no muons} x {<20 GeV in LKr} 

Minimum bias: {hodoscope hits} 
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Signal and background regions  

12 



01.06.2018 V.Duk, Quarks-2018 

Performance 
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Kinematic resolution 
kinematics 

Particle identification (PID) 

 π0 suppression 

Timing between detectors 

Performance requirements (recap) 
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Single event sensitivity (SES)  
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E949 (for comparison): 
NK   ~3.5x1012 

SES ~0.8x10-10 



01.06.2018 V.Duk, Quarks-2018 

Background studies  
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General approach: 

 Define a background region (BkgR), measure N(BkgR) 

 Define control region(s) (CR) for validation 

 Data driven background estimation: 

 

 

 

 

 Open CR and validate the estimation 

o assume cut independence (e.g. kinematics, PID, π0  rejection) 

o invert one of cuts (e.g. PID, π0 rejection) 

o estimate N(CR)/N(BkgR) and N(SR)/N(BkgR) with the inverted cut 

o Calculate N(CR) and N(SR) 

In addition: 
 Split into momentum bins if necessary 
 MC samples  
 Bifurcation analysis (if  >1 cut inverted) 
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K+→π+π0 (K2π) background  
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  π0 rejection inverted 
 NK2π(SR) estimated from K2π 
 4 momentum bins (5 GeV/c each) 
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K2π background: validation  
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K+→μ+νμ (Kμ2) background 
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 PID  inverted 
 NKμ2(SR) estimated from Kμ2 
 4 momentum bins (5 GeV/c each) 
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Kμ2 background: validation  
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K+→π+π+π- (K3π) background  
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 1-track selection  inverted 
 NK3π(SR) estimated from K3π  with (π+π -) tagging 
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K+→e+νeπ
+π- (Ke4) background  
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 Track charge inverted (single π- events): for validation only 
 NKe4(SR) estimated from MC 
 Control region for MC validation: 0.026 < m2

miss < 0.072 GeV2/c4 
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Upstream background 
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Upstream background  
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 2 cuts inverted: K-π matching, Box cut 
 Cuts on Zvertex and CHANTI not applied 
 Nupstream(SR) estimated from bifurcation method 
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Upstream background: validation  
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Background summary  
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Unblinding Signal Regions 
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Unblinding Signal Regions 
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Upper limit setting (Rolke-Lopez method): 
 Poissonian signal 
 Gaussian background 
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The Event in the RICH  
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Pion track at the RICH mirror plane 

Area illuminated by 
the Cherenkov light 

Ring reconstruction at the PM plane 

e 

Ring 
fit 

π 
μ 
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Summary 
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 K+→π+νν  search at NA62 with 2016 data: 

 SES = 3.15(01)(24) x 10-10 

 One event observed in Region 2 

 Results are compatible with SM 

 Upper limits (Rolke-Lopez method): 

For comparison: 
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Prospects  
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2017 data: processing  ongoing 

 Statistics:  20 times more than in 2016 

 Better upstream background reduction expected 

 Methods to improve signal efficiency under investigation 

2018 data: data taking ongoing 

 Further mitigation of the upstream background expected 

 Processing parallel to data taking for monitoring the data quality 

 Expected final reprocessing: early 2019 

2017+2018 data sample: 

 Expected 20 SM events 

 Input to the European Strategy for Particle Physics 

 Extrapolation to the NA62 sensitivity in 2021-2023 
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Spare  
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Correlations with flavor physics  
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