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Outline

❖                      : first result from NA62 at CERN

❖                      : KOTO experiment at J-PARC 

K+ ! ⇡+⌫⌫̄
<latexit sha1_base64="isy218GNIzRHV2j8eqsQRnNDJpI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuiy6EZwU8E+oDOWTJppQzPJkNwRylDwV9y4UMSt3+HOvzF9LLT1QLiHc+7l3pwoFdyA5307haXlldW14nppY3Nre8fd3WsYlWnK6lQJpVsRMUxwyerAQbBWqhlJIsGa0eB67DcfmTZcyXsYpixMSE/ymFMCVuq4B7cPpwGoIOW2yiyIiLal45a9ijcBXiT+jJTRDLWO+xV0Fc0SJoEKYkzb91IIc6KBU8FGpSAzLCV0QHqsbakkCTNhPjl/hI+t0sWx0vZJwBP190ROEmOGSWQ7EwJ9M++Nxf+8dgbxZZhzmWbAJJ0uijOBQeFxFrjLNaMghpYQqrm9FdM+0YSCTaxkQ/Dnv7xIGmcV36v4d+fl6tUsjiI6REfoBPnoAlXRDaqhOqIoR8/oFb05T86L8+58TFsLzmxmH/2B8/kDx3uVXQ==</latexit><latexit sha1_base64="isy218GNIzRHV2j8eqsQRnNDJpI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuiy6EZwU8E+oDOWTJppQzPJkNwRylDwV9y4UMSt3+HOvzF9LLT1QLiHc+7l3pwoFdyA5307haXlldW14nppY3Nre8fd3WsYlWnK6lQJpVsRMUxwyerAQbBWqhlJIsGa0eB67DcfmTZcyXsYpixMSE/ymFMCVuq4B7cPpwGoIOW2yiyIiLal45a9ijcBXiT+jJTRDLWO+xV0Fc0SJoEKYkzb91IIc6KBU8FGpSAzLCV0QHqsbakkCTNhPjl/hI+t0sWx0vZJwBP190ROEmOGSWQ7EwJ9M++Nxf+8dgbxZZhzmWbAJJ0uijOBQeFxFrjLNaMghpYQqrm9FdM+0YSCTaxkQ/Dnv7xIGmcV36v4d+fl6tUsjiI6REfoBPnoAlXRDaqhOqIoR8/oFb05T86L8+58TFsLzmxmH/2B8/kDx3uVXQ==</latexit><latexit sha1_base64="isy218GNIzRHV2j8eqsQRnNDJpI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuiy6EZwU8E+oDOWTJppQzPJkNwRylDwV9y4UMSt3+HOvzF9LLT1QLiHc+7l3pwoFdyA5307haXlldW14nppY3Nre8fd3WsYlWnK6lQJpVsRMUxwyerAQbBWqhlJIsGa0eB67DcfmTZcyXsYpixMSE/ymFMCVuq4B7cPpwGoIOW2yiyIiLal45a9ijcBXiT+jJTRDLWO+xV0Fc0SJoEKYkzb91IIc6KBU8FGpSAzLCV0QHqsbakkCTNhPjl/hI+t0sWx0vZJwBP190ROEmOGSWQ7EwJ9M++Nxf+8dgbxZZhzmWbAJJ0uijOBQeFxFrjLNaMghpYQqrm9FdM+0YSCTaxkQ/Dnv7xIGmcV36v4d+fl6tUsjiI6REfoBPnoAlXRDaqhOqIoR8/oFb05T86L8+58TFsLzmxmH/2B8/kDx3uVXQ==</latexit><latexit sha1_base64="isy218GNIzRHV2j8eqsQRnNDJpI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzIuiy6EZwU8E+oDOWTJppQzPJkNwRylDwV9y4UMSt3+HOvzF9LLT1QLiHc+7l3pwoFdyA5307haXlldW14nppY3Nre8fd3WsYlWnK6lQJpVsRMUxwyerAQbBWqhlJIsGa0eB67DcfmTZcyXsYpixMSE/ymFMCVuq4B7cPpwGoIOW2yiyIiLal45a9ijcBXiT+jJTRDLWO+xV0Fc0SJoEKYkzb91IIc6KBU8FGpSAzLCV0QHqsbakkCTNhPjl/hI+t0sWx0vZJwBP190ROEmOGSWQ7EwJ9M++Nxf+8dgbxZZhzmWbAJJ0uijOBQeFxFrjLNaMghpYQqrm9FdM+0YSCTaxkQ/Dnv7xIGmcV36v4d+fl6tUsjiI6REfoBPnoAlXRDaqhOqIoR8/oFb05T86L8+58TFsLzmxmH/2B8/kDx3uVXQ==</latexit>

!2

KL ! ⇡0⌫⌫̄
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"Golden"mode K→πνν 
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Box and penguin diagrams• FCNC process forbidden at tree level
• Highly CKM suppressed: BR~|Vts*Vtd|2

• Extraction of Vtd with minimal (few %) 
non-parametric uncertainty

• Theoretically very clean:
• dominant short-distance contribution
• hadronic matrix element extracted from 

precisely measured BR(K+→e+π0ν)
• Sensitive to New Physics effects (next slide 

for details)

The Standard Model predictions
(Buras et al., JHEP 1511(2015) 033)

B(K+ ! ⇡+⌫⌫̄) = (8.4± 1.0)⇥ 10�11
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B(KL ! ⇡0⌫⌫̄) = (3.4± 0.6)⇥ 10�11
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Experimental status:
E787/E949:                                  
Phys.Rev.D77, 052003 (2008); Phys.Rev.D79, 092004 (2009)
E391a:                                                                                                      

Phys.Rev.D81, 072004(2010)

B(K+ ! ⇡+⌫⌫̄) = (17.3+11.5
�10.5)⇥ 10�11
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B(KL ! ⇡0⌫⌫̄) < 2.6⇥ 10�8(90%CL)
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Beyond the Standard Model
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• Simplified Z, Z’ models [Buras, Buttazzo, Knegjens, JHEP 1511 (2015) 166]
• Littlest Higgs with T-parity [Blanke, Buras, Recksiegel, EPJ C76 (2016) n.4 182]
• Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009 108)]
• MSSM analyses [Tanimoto, Yamamoto, PTEP 2016 (2016) no.12, 123B02; Blazek, Matak, 

IntlJModPhys.A29 (2014), 1450162; Isidori et al., JHEP 0608 (2006) 064]
• LFU violation models [Isidori et al., Eur.Phys.J C (2017) 77]



NA62 experiment at CERN
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~30 institutes, ~200 participants form: Birmingham, Bratislava, Bristol, Bucharest, CERN, 
Dubna, Fairfax, Ferrara, Firenze, Frascati, Glasgow, Liverpool, Louvain, Mainz, Merced, 
Moscow, Napoli, Perugia, Pisa, Prague, Protvino, Roma I, Roma II, San Luis Potosi, Sofia, 
Torino, TRIUMF, Vancouver UBC 

NA62 experiment is located at north 
area(NA) of CERN. Protons are 
extracted from the  SPS with p=400 
GeV/c producing a secondary beam 
of hadrons (~6% are kaons). Kaon 
decay-in-flight technique.

Main goal is to measure the K+→π+νν 
branching fraction with high 
precision



Measurement strategy
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Keystones of the analysis:
• Timing between subdetectors ~O(100ps)
• Kinematic suppression ~O(104)
• Muon suppression > 107

• π0 suppression > 107 

Background suppression:
• 15<pπ<35 GeV/c
• Particle ID (Cherenkov detectors)
• Particle ID (calorimeters)
• Photon veto



The NA62 detector
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NA62 Detector paper, JINST 12 (2017) P05025 

• Kaon ID and direction (KTAG, GTK, CHANTI)

• Pion ID and direction (STRAW, CHOD, RICH)

• Photon veto (LAV, LKr, IRC, SAC)

• Muon veto (MUV1,2,3)

Secondary beam

• Momentum 75 GeV/c

• Composition: K+(6%), π+(70%), p(24%)



Data collection
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2016: 40% of nominal intensity, ~5x1011 kaon decays recorded
2017+2018: 60% of nominal intensity, > 8x1012 kaon decays on the tape
                     — better data quality assessment 
                     — higher data taking efficiency

Trigger streams:
• πνν trigger: 1 track, 𝛄/µ veto
• Control trigger: samples for normalization, background estimation



Signal regions
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• Design kinematical resolution on 
mmiss2 has been achieved (10-3 
GeV2/c4)

• Measured kinematical background 
suppression: 6x10-4 (K+→π+π0), 
3x10-4 (K+→µ+ν)

• Further background suppression:

• PID (calorimeters/cherenkov 
detectors): µ suppression < 10-7

• Hermetic photon veto: π0→𝛄𝛄 
suppression < 10-7 

Region I

Region II

2016 Data

K+→π+π-π+

K+→π+π0

K+→µ+ν



Single event sensitivity
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Background summary
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Background estimates are mostly data driven



2016 result
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NA62 K+→π+νν prospects
❖ Analysis of data collected in 2017 is in progress

❖ Data sample x20 larger than presented statistics

❖ Expect improvements on signal acceptance, efficiency 
and S/B ratio

❖ Data taking is finished in Nov. 2018

❖ Expect ~20 SM events before LS2

❖ Data taking after LS2 in approval stage
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KOTO experiment at J-PARC
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Experimental principle
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[Yu-Chen Tung, CERN-EP Seminar, Tuesday 26 Feb 2019]



Background — Kaon decays
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[Yu-Chen Tung, CERN-EP Seminar, Tuesday 26 Feb 2019]



Background — Neutrons

!17

[Yu-Chen Tung, CERN-EP Seminar, Tuesday 26 Feb 2019]



KOTO 2015 result
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[Yu-Chen Tung, CERN-EP Seminar, Tuesday 26 Feb 2019]



KOTO data taking
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[Yu-Chen Tung, CERN-EP Seminar, Tuesday 26 Feb 2019]



Analysis status 2016—2018
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[Yu-Chen Tung, CERN-EP Seminar, Tuesday 26 Feb 2019]



Conclusion
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