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KOTO Experiment 
50 collaborators from 16 institutes 

Arizona, Chicago, Chonbuk, Hanyang, Jeju, JINR, KEK, Kyoto,  

Michigan, NDA, NTU, Okayama, Osaka, Pusan, Saga & Yamagata 



KL→π0νν
• Direct CPV 
• BR(SM)=3.0x10-11 

BR(KL→π
0υυ)

BR(K+→π+υυ)

(ρ̄, η̄)

• Clean: ~2% 

• BR∝CKM height 
Golden Decay

Ultra Rare



Hadron Beam Facility

30GeV proton

KOTO

2 GeV KL beam



Detection Principle
Target
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Data Taking

First Phys. Result 
[arXiv:1609.03637]

Present analysis 
[Statistis ~ 2xRUN49]

Statistis ~ 20xRUN49



First Phys Results
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• Predict/Observe: 0.34/1 

• Background: 70% neutron 

• BR < 5.1x10-8 (90% CL) 

• arXiv:1609.03637



Major Background
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π0

Halo Neutron

mirr
or

Thinner vacuum window (125μm ⇒ 12.5μm) 

to reduce neutron interaction. 

Beam Profile Monitor for 
better beam alignment.

Improvements after 2013



Improvements after 2013
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Beam Pipe Charged Veto (BPCV)

1/10 Reduction of 

KL→π
+π-π0 Background  



Improvements after 2013
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Improvements after 2013
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• Cluster Shape Discrimination 

Improvements after 2013
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• Pulse Shape Discrimination 

1/10 neutron reduction 
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Improvements after 2013
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 = Neutron reduction improved by O(1)

+

• Cluster Shape Discrimination 
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Present Analysis

Present analysis 
[Statistis ~ 2xRUN49]



Present Analysis
Mode NKL @ beam exit S.E.S.

KL→3π0 (3.60±0.02)x1011

5.9x10-9KL→2π0 (3.72±0.07)x1011

KL→ΥΥ (3.43±0.04)x1011Pre
lim
ina
ry



Present Analysis
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S.E.S=5.9x10-9

S.E.S=1.3x10-8

?

• Run62 ~2×Run49 

• Run62-69 ~20×Run49

[Physics Letters B
 398 (1997) 163-168]
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[Physics Letters B
 398 (1997) 163-168]
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Upgrade is Needed!!

Beyond G-N Limit



BG in Box Run62 #BG Projected #BG

K
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Upgrade is Needed!!

Upgrades

• New Barrel Detector 
• installation completed 

• Beam Pipe Modification 
• study on-going 

• CsI Both-end Readout 
• validated in beam test 
• upgrade scheduled in 2018



New Barrel Detector

L~3m, Ø~2m

•  Installed in April 2016 
• Radiation length:13.5+5X0 

• Reduction: 1/3 x KL→π0π0



Beam Pipe Modification

Conceptual Modification: (study on-going) 
• reduce dead material in the beam pipe 
• install charged veto with better coverage 
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CsI Both-end Readout

Both-end readout 

to measure the 

shower depth

Reconstruct shower depth by using timing difference



CsI Both-end Readout

Expect 1/10 reduction 

or better Position Resolution: 
~25mm/100MeV deposit

Shower Depth

e+/n



Prospect

We are here

2018: 42kW⇒100kW



Summary
• First analysis result is released [arXiv:1609.03637]. 

• With new detector and new analysis technique, major 
background sources are within control.  

• Present analysis with 20 times more data is on-going. 

• Detector upgrade in 2018 to improve S.E.S. 

• Expect to reach S.E.S. of O(-11) after 2021.



Backup



Background Estimation



Improvement after 2013

Cluster Shape Χ2 (used in 2013) = 3.1x10-3 

+ Cluster Shape Discrimination (CSD) = 2.9x10-4 

+ Pulse Shape Discrimination (PSD) = 2.6x10-5 

= Neutron reduction improved by O(2)

(new cut)

(new cut)



Improvement after 2013
Cluster Shape Χ2 (used in 2013)

1/300 neutron reduction & 80% signal acceptance 



Improvement after 2013
Cluster Shape Discrimination (CSD)

1/1500 neutron reduction & 90% signal acceptance 
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• Use cluster energy & timing info. 
• + Neural Net
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DAQ Upgrade
New cluster counting module 
to reduce Lv1 trigger 
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Trigger Veto 

New Trigger Module 
12 x Optical Links 
6U – Double Width

20bits / 4 clocks 320bits / 20 clocks

CLUSTER Trigger with the new CDT Module
Trigger Veto Latency: 60-80 clocks 
Trigger Veto Dead Time: ~20 clocks (0.28% of 35K/spill L1R) 



L1R Reduction

NCluster 1 2 3 4 5 6

Percentage 14.7% 14.5% 18.6% 24.3% 19.0% 7.2%

Add COE 5.8%

Prescale ∞ 1 10 1 ∞ 1

L1R 35k*(5.8%+1.86%+24.3%+7.2%)=13.7k/spill

NCluster 1 2 3 4 5 6

Percentage 14.7% 14.5% 18.6% 24.3% 19.0% 7.2%

Prescale ∞ 1 10 1 ∞ 1

L1R 35k*(14.5%+1.86%+24.3%+7.2%)=16.8k/spill

Scenario-A

Scenario-B

Assuming original L1R = 35k/spill (42kW),  
the reduction of L1R estimated by using norm data.


