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𝑲𝑳 → 𝝅𝟎𝝂ത𝝂崩壊

• Direct CP violation

• Flavor Changing Neutral Current

• 標準模型の分岐比 ~ 3 x 10-11

– small theoretical uncertainty: ~1%

→ Sensitive to New Physics
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先行実験：KEK E391a実験 (< 2.6x10-8 @ 90% C.L.)

Grossman-Nir bound   (< 1.4x10-9)

KL→π0νν標準模型

新物理？

KOTO 2013 (< 5.1 x 10-8 @ 90% C.L.)
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KL π0
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A.J.Buras, et al. JHEP11(2014)121 M.Tanimoto, K.Yamamoto, PTEP2016,12,123B02
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J-PARC KOTO 実験

茨城県東海村

J-PARC

30 GeV proton beam

Au標的

16 deg

KOTO

ハドロンホール内部30 GeV シンクロトロン
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KOTO実験の軌跡

KOT
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KOTO2013
(PTEP 2017 021C01)

事故により
ハドロンホール
利用停止

KOTO2015

detector upgrade



Analysis Outline
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𝑲𝑳 → 𝝅𝟎𝝂ത𝝂 MC
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実験原理

Au標的

2γ (+Pt≠0) + nothing

崩壊領域を光子・荷電粒子検出器
（Veto 検出器）で囲む

21.5 m 18 m
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Analysis Outline

KL flux
← normalization mode analysis (𝑲𝑳 → 𝟐𝝅𝟎)

Signal Acceptance
← MC simulation (𝑲𝑳 → 𝝅𝟎𝝂ഥ𝝂)

Number of Background Events
← MC simulation & control samples

Single Event Sensitivity

Background Estimation

Blind Analysis

After fixing all the analysis configuration
→ open signal box
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Background Sources

blinded region

signal box

● KL Decays
● Hadron Cluster Background
● Upstream-π0 Background
● CV-η Background
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KL Decays

KL→2π0KL→π + π – π0

𝐾𝐿 → 𝜋+𝜋−𝜋0 0.05 +/- 0.02

𝐾𝐿 → 2𝜋0 0.02 +/- 0.02

other KL decays 0.03 +/- 0.01

#BG inside signal box
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Background Sources: Hadron Cluster Background
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signal box

halo neutron

neutron が scatter して
2-cluster を生成

Neutron-Enriched Data Taking

80x80x10 mm3
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Background Sources: Upstream-π0 Background
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signal box

preliminary

上流の veto 検出器で
halo neutron が π0を生成halo neutron

Background になる理由
☆ small visible energy on calorimeter

(photo-nuclear interaction)
☆ “γ + n” cluster pair

->  vertex の再構成を間違える
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Background Sources: CV-η Background
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η→2γ Ω

fake vertex π0と η のmass の差で
vertex 再構成を間違える

preliminary
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実験感度の算出： Single Event Sensitivity

Single Event Sensitivity (S.E.S.)

= [(KL yield) x (signal acceptance)]-1

= (1.30±0.01stat.±0.14syst.)x10-9

KL

𝑲𝑳 → 𝟐𝝅𝟎

カロリメータ

☆ KL Flux Measurement

☆ Signal Acceptance



Result of 2015 Data Analysis
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Summary of Physics Data Reduction

Selection Criteria number of remaining events

triggered events 4.31 x 109

two-cluster 8.74 x 108

trigger-related cuts 2.50 x 108

photon selection cuts 1.75 x 108

kinematic cuts 3.59 x 107

veto cuts 3.83 x 104

shape-related cuts 347

kinematical selection

further BG suppression
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Summary of Background Estimation

S.E.S. : 1.3 x 10-9
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Opening Signal Box
S.E.S. : 1.3 x 10-9

NO Event Observed: BR(𝑲𝑳 → 𝝅𝟎𝝂ത𝝂) < 3.0 x 10-9 (90% C.L.)



Summary

• KOTO実験 2015年データ解析結果

BR(𝑲𝑳 → 𝝅𝟎𝝂ത𝝂) < 3.0 x 10-9 (90% C.L.)

先行実験 (KEKPS E391a) が記録した上限値を１桁更新
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～これからのKOTO実験～
〇 2016年以降のデータを順次解析中
✓ データ量が2015年の約２倍になる見込み

〇 background rejection強化に向けた検出器増強
✓ カロリメータのアップグレード（Hadron Cluster BG）
✓ 新 veto 検出器の導入（KL→π + π – π0）

〇実験感度向上に向けた解析手法のアップグレード
✓ 波形解析の強化による時間精度向上
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