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The primary goal of KOTO: 

• Probing new physics by measuring . 

• New physics discoveries if   ≠  

The  decay: 

• Direct CP-violating process. 

•  

• Less than 2% theoretical uncertainty. 

• Sensitive to new physics, but challenging for measurement.

ℬ(KL → π0νν̄)

BREXP BRSM

KL → π0νν̄

BRSM(KL → π0νν̄) = 3 × 10−11 + New 
PhysicsBREXP =

BRSM =

?

≠Sign of 
New Physics

The Golden   DecayKL → π0νν̄
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 and New PhysicsK → πνν̄

• CKM-like flavor structure − MFV 

• New flavor and CP-violating interactions 
with dominant LH or RH couplings 

• None of the above constraints 

• Randall-Sundrum 

• NA62:  

• [JHEP 02 (2025) 191] 

• Covers  with 1.7

ℬ(K+ → π+νν̄) = (13.0+3.3
−3.0) × 10−11

ℬSM σ
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ℬ
(K

0 L
→

π0 νν̄
)×

10
11

ℬ(K+ → π+νν̄) × 1011

JHEP11(2015)166



Detection of K0
L → π0νν̄

γ

γ

ν ν̄

π0Untagged   K0
L

5

2m

Measure ’s energy and position  
using CsI (Cesium Iodide) calorimeter

2γ

Undetectable 

Signal Signatures: 

• 2  “nothing” in the final state 

• High transverse momentum ( ) of  

• due to the missing momentum taken by 

γ +

PT π0

νν̄



Detection of K0
L → π0νν̄

γ

γ

ν ν̄

π0K0
L

Untagged 

• Signal Signatures: 

• 2  “nothing” in the final state 

• Hermetic veto system 

• to ensure “nothing” other than 2  

• Dimensions: 

• small crystal: 2.5×2.5×50 cm 

• large crystal: 5.0×5.0×50 cm 

• full scale:  2m in diameter 

γ +

γ

6

γ
γ

& No hits in any veto detector (        ) 

Undetectable 
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Reconstruction of K0
L → π0νν̄

γ

γπ0K0
L

Untagged 

• Signal Signatures: 

• 2  “nothing” in the final state 

• Signal box is defined by: 

•  vertex ( ) within detector 

• High  transverse momentum ( ) 

• Dimensions: 

• small crystal: 2.5×2.5×50 cm 

• large crystal: 5.0×5.0×50 cm 

• full scale:  2m in diameter 

γ +

π0 Zvtx

π0 PT
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Principle
• KL pencil beam 
• 2γ + nothing

• Calorimeter + Hermetic veto

• Signal reconstruction
• Assume 2 gammas come from π0

• Require large transverse momentum
• z vertex - Pt distribution
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2.3 バックグラウンド 11

という関係が得られる。E1、E2 は入射 γ のエネルギーである。Eqs.(2.3-2.6)を用いると、π0 の
崩壊位置 Zvtx が求まる。
得られた Zvtx を使うと 2つの γ の運動量ベクトルを得ることができ、その和が π0 の運動量ベ
クトルになる。したがって π0 のビーム軸に垂直な運動量成分 Pt も求めることが出来る。この 2
つのパラメータ Zvtx と Pt をシグナルとバックグラウンドの識別に利用する。この部分について
は参考文献 [21]に詳しく記述されている。またこの 2つのパラメータ平面上でシグナルイベント
は Fig.2.3のように分布する。図の赤枠で囲まれる部分を signal boxと呼ぶ。

Fig. 2.2 K0
L → π0νν からの π0 の再構成。
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Fig. 2.3 K0
L → π0νν 分布。赤枠で囲ま

れた部分を信号事象と同定する。横軸の 0
は Front Barrel( 2.6.1)の上流端。

2.3 バックグラウンド
KOTO実験のバックグラウンド事象 (以下 B.G.)は次の２つに分類することが出来る。
1つは K0

L 自身が B.G.の源となるものである。代表的な例としては、K0
L → 2π0 の崩壊で生成

された４つの γ のうち 2 つを検出できなかった (miss veto) 場合が挙げられる。もう１つはビー
ムコア周りに存在するハロー中性子が源となるものである。この場合，ハロー中性子は検出器中の
物質と相互作用し、π0 を生成し、その信号をシグナルと見誤る事に起因する。ここではこれらの
B.G.について簡単にまとめる。

2.3.1 K中間子 B.G.

Table2.1に K0
L の主な崩壊モードと分岐比をまとめておく。これらは K中間子 B.G.の元にな

り得る。以下、各モードについて簡単にまとめておく。
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Run Histories and Results
• Five data-taking periods have been conducted since 2013, with four already published. 
• The latest results with 2021 data   [PRL.134.081802] 

•  (90% C.L.) 
• (The current world-best upper limit!)

ℬ(KL → π0νν̄) < 2.2 × 10−9

M
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Run Histories and Results

BG Source BG Prediction

Upstream π0 0.060±0.046(stat)±0.007(sys)

KL→2π0

K+

Neutron BG 0.024±0.004(stat)±0.006(sys)

Scattered KL→2γ 0.022±0.005(stat)±0.004(sys)

Halo KL→2γ 0.018±0.007(stat)±0.004(sys)

η production in CV 0.023±0.010(stat)±0.005(sys)

Total          0.253 ±0.055(stat)

0.059 ± (0.022)stat(+0.050
−0.059)sys

0.042 ± (0.014)stat(+0.004
−0.028)sys

(+0.052
−0.067)sys

)c
 (M
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R
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. 

1000 2000 3000 4000 5000 6000
 (mm)vtxZRec. 
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±0.001
±0.002

FIG. 3. Reconstructed π0 transverse momentum (Pt) versus π0 decay vertex position (Zvtx) plot of the

events after imposing the KL→π0νν selection criteria. The region surrounded by dashed lines is the signal

region. The black dots represent the observed events, and the shaded contour indicates the KL → π0νν

distribution from the MC simulation. The black italic (red regular) numbers indicate the number of observed

(background) events for different regions. The second and third red regular numbers indicate the statistical

uncertainties and systematic uncertainties, respectively.

[13] K. Fuyuto, W.-S. Hou, and M. Kohda, Phys. Rev. Lett. 114, 171802 (2015).229

[14] K. Fuyuto, W.-S. Hou, and M. Kohda, Phys. Rev. D 93, 054021 (2016).230

[15] T. Kitahara, T. Okui, G. Perez, Y. Soreq, and K. Tobioka, Phys. Rev. Lett. 124, 071801 (2020).231

[16] D. Egana-Ugrinovic, S. Homiller, and P. Meade, Phys. Rev. Lett. 124, 191801 (2020).232

[17] M. Saito et al., Phys. Rev. Accel. Beams 25, 063001 (2022).233

[18] T. Shimogawa, Nucl. Instrum. Methods Phys. Res., Sect. A 623, 585 (2010).234
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Black: Observed 
Red: BG estimation

Black dot: data   
Contour: Signal MC

List of the backgrounds (2021 data) • No event inside the signal region. 
• The BG level is under control.



2021 : 3.3 × 1019

2024 : 1.51 × 1019

2025(Run92) 3.08 × 1019

2025(Run92b) 2.48 × 1019

Accumulated POT for physics in 2025

11

• Total accumulated POT for Physics in 2025 :  POT (Good+Quasi)5.56 × 1019

• Total accumulated POT for KLgee :  POT in Run92b (168.5h)1.04 × 1019

Run92 Run92b

- With the data collected in 2024 and 2025, the accumulated POT for 
physics data has become roughly twice that of 2021 (2.17 × 2021Data)

- Accumulated POT during the period w/o FilmBHCV : 1.09 × 1019 POT

A
cc

um
ul

at
ed

 P
O

T

2021 2024+2025

(Good spill selection is not applied)

×2
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Run Histories and Results
• 2024-25 Data: 

• Stable data-taking at 92 kW beam power following the MR upgrade. 
• A factor of 2 more data than in 2021 had been collected. 

• Analysis in progress.
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Prospects of    SearchKL → π0νν̄

ℬ
(K

0 L
→

π0 νν̄
)×

10
11

ℬ(K+ → π+νν̄) × 1011

Expected to be explored by  
KOTO using 2021-2028 data 

JHEP11(2015)166

12

Be
am

 P
ow

er
0

25

50

75

100

    
   S

.E
.S

.

0

20

40

60

80

100

2021 202320242025202620272028

× 
10

11

Pro
jected

• KOTO 
• Current Upper Limit (2021 data): 

•   

• S.E.S.  with 2021-2028 data

ℬ(K0
L → π0νν̄) < 2.2 × 10−9

∼ 10−10



ℬ
(K

0 L
→

π0 νν̄
)×

10
11

ℬ(K+ → π+νν̄) × 1011

JHEP11(2015)166

Expected to be explored by  
KOTO using 2021-2028 data 
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Prospects of    SearchKL → π0νν̄
• KOTO 

• Current Upper Limit (2021 data): 

•   

• S.E.S.  with 2021-2028 data

ℬ(K0
L → π0νν̄) < 2.2 × 10−9

∼ 10−10

• KOTO II 
• Newly proposed Kaon project @J-PARC 

• Targets to reach S.E.S.  
• (within 5 years of data collection) 

< 10−12
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• Extraction angle from  to : 

• 5   production on target 

• 2   momentum 

• Peak GeV/  
• Better detection efficiency

16∘ 5∘

× K0
L

× K0
L

PKL : 1.4 → 2.9 c

KOTO
KOTO II

New Beamline for KOTO II
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 momentum (GeV/c)LK
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0.5

Ar
bi

tra
ry

KOTO II

KOTO

GeV/PKL : 1.4 → 2.9 c



KOTO:
1.9 m

6 m

• Longer decay region 

• 2 m  12 m  
• Larger calorimeter 

•  ⌀ 2 m  3m

→

→
15

Larger Detector

20 m

Lead/Plastic scinti.CsI

3 m

Modular Barrel Detector



 Signal Yield K0
L → π0νν̄
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0.36±35.26   
   

 
p T

(M
eV

/c
)

                          z (mm)

KL → π0νν
35.3 ± 0.4

• Overall 58 improvement in the signal yield. 

• In five years of data-collection with 100 kW beam power 

• Single Event Sensitivity:  

• 35  events, assuming  

• With 40 background events. 

•  observation 

•

×

8.5 × 10−13

K0
L → π0νν̄ ℬSM(K0

L → π0νν̄)

5.6σ

Δℬ/ℬ = 25 %

hep-ex 2501.14827



Project Progress of KOTO II 
• The KOTO II proposal has been submitted: hep-ex 2501.14827 

• Scientific approval from J-PARC was granted (Stage-1 status). 

• Aims to obtain Stage-2 approval for operation starting from 2030s. 

• A draft schedule after the completion of the beamline: 

• We currently have 82 members from 11 countries — you’re Welcome to Join Us!
17



Summary

• KOTO has updated the upper limit for  at  (2021 data). 

• KOTO will continue data collection and improve the sensitivity by an order of 

magnitude in 3-4 years.  

• KOTO II is a next-generation kaon experiment starting in the 2030s at J-PARC. 

• Aims to measure  with the S.E.S. below .  

• Welcome to JOIN us if you’re interested.

ℬ(KL → π0νν̄) 2.2 × 10−9

ℬ(KL → π0νν) 10−12

18



Backup



New Elements in the 2021 Analysis

20

Halo Neutron

n

n

# Protons On Target (×1018) Downstream  
Charged Veto

Calorimeter 
 Upgrade 

Upstream 
Charged Veto 

New Cut for 
Halo KL→γγ 

New Cut for 
KL→π0π0 

✔︎ ✔︎ ✔︎ ✔︎

✔︎ ✔︎ Prototype ✔︎ ✔︎

✔︎ ✔︎ ✔︎ ✔︎ ✔︎

2015

2016-2018

2019

2020

2021

0 10 20 30 40

γ

e± γ
K±

γ π−

π+
γ

K0
L γ

γ
K0

L

γ

γ

K0
L

γ

γ

Halo K0
L → γγK± → π0e±νK0

L → π+π−π0 K0
L → π0π0Halo Neutron

Today’s focus



concrete and iron shieldCSI

 BackgroundKL → π0π+π−

Downstream Charged Veto (since 2019)

21

γ π−

π+
γ

K0
L

K0
L → π+π−π0

Hit position of   
in the downstream beam pipe

π±

New Downstream Charged Veto (DCV) inside the  
vacuum beam pipe to provide a better detection coverage. 



 BackgroundKL → π0π+π−
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w/o DCV veto w/ DCV veto
Data

Data

63.5±1.39

0.4±0.11
5.29±0.40 <0.07 

@90% C.L.

<0.07

<0.07

Black: Data 
Red: #(KL→π+π-π0 BG)

Black: Data 
Red: #(KL→π+π-π0 BG)

2016-2018 Signal Box
Recovered 5%  

of the signal efficiency

2021 Signal Box

 BG < 0.07 
@90% C.L.

KL → π0π+π−

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
 Z [mm]0πRec. 

0

50

100

150

200

250

300

350

400

450

500

 P
t [

M
eV

/c]
0 π

Re
c. 

 MCK0
L → π+π−π0

Downstream Charged Veto (since 2019)



Beam Halo KL BG

23

• A new cut based on the cluster shape and γ angle suppressed 
the halo KL by 1/16. (Not applied to the 2016-2018 analysis) 

• BG level ~0.4 events at .BREXP(KL → π0νν̄) ∼ O(10−11)

Beam halo KL BG (KL → γγ)

Magnet 

KL

γ

γ
1st Collimator 

KL

2st Collimator 



 events (data)K+ → π+π0

Rec.  Mass [MeV]K+

Upstream Charged Veto (since 2020)

K± BG (K± → π0e±ν)

 BackgroundK±
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New Upstream Charged Veto (UCV) 
• UCV (Scintillating fi
• K± BG × 1/13

KL
K± γ

γ
e±

Magnet 

1st Collimator 2st Collimator 

      K±/KL = 3.2x10-5

Energy Deposition in UCV [MeV]
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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UCV inefficiency  
= (7.8+0.6

−5.2) × 10−2



 BackgroundK±
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2021 
• Scintillating fi
• K± BG × 1/13

2023 
• Scintillator fi
• K± BG × 1/100

2023 
• Magnet aft
• K± BG × 1/10 

• Combined reduction ~1/1000 aft

• K± BG ~0.02 events at .BREXP(KL → π0νν̄) ∼ O(10−11)

Upstream Charged Veto (since 2020)



KL ! ⇡0⇡0
more photons

γ

γ

γ γ
KL

 BackgroundK0
L → π0π0
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Will verify inefficiency using 
using future data 

Veto Inefficiency of barrel detector 

Barrel detector

•  BG due to the detection inefficiency in 
the barrel detectors. 

• But, the MC results depend on the GEANT versions.  
• Will verify the inefficiency function in the future.

K0
L → π0π0

The Ultimate Background due to Veto Inefficiency



 KOTO16∘ KOTO II5∘ KOTO16∘
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Yield, n/K vs angle (Au)
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Estimated Backgrounds to K0
L → π0νν̄
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Figure 33: Distribution in the zvtx-pT plane for KL → π+π−π0 for the running time
of 3× 107 s. All the cuts other than pT and zvtx cuts are applied.

1.5.5.3 KL → π±e∓ν (Ke3)560

The Ke3 background happens when the electron and the charged pion are not561

identified with the Charged Veto Counter. The number of background is evaluated562

to be 0.08 with 10−12 reduction with the Charged Veto Counter as shown in Fig. 34.563
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Figure 34: Distribution in the zvtx-pT plane for Ke3 for the running time of 3×107 s.
All the cuts other than pT and zvtx cuts are applied.

564

1.5.5.4 KL → 2γ for halo KL565

KL in the beam scatters at the beam line components, and exists in the beam halo566

region. When such halo KL decays into two photons at off-z-axis region, larger567

pT is possible due to the assumption of z vertex on the beam axis. The decay568
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KL → π+π−π0

2.5 ± 0.4
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0.078 ± 0.001

vertex is wrongly reconstructed with the nominal pion mass assumption. This569

fake vertex gives a wrong photon-incident angle. Therefore this halo KL → 2γ570

background can be reduced with incident-angle information at the calorimeter. We571

can reconstruct another vertex with the nominal KL mass assumption, which gives572

a correct photon-incident angle. By comparing the observed cluster shape to those573

from the incorrect and correct photon-incident angles, this background is reduced to574

be 10% in the KOTO step-1, while keeping 90% signal efficiency. In this report, we575

assume the reduction factor of 1%, because the higher energy photon in the step-2576

will give better resolution. We will study it more in the future. The number of this577

background is evaluated to be 4.8 as shown in Fig. 35. The flux and spectrum of578

the halo KL are obtained from the beam line simulation. Systematic uncertainties579

on the flux and spectrum are also one of the future studies.
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Figure 35: Distribution in the zvtx-pT plane for halo KL → 2γ for the running time
of 3× 107 s. All the cuts other than pT and zvtx cuts are applied.

580

1.5.5.5 K± → π0e±ν581

K± is generated in the interaction of KL at the collimator in the beam line. The582

second sweeping magnet near the entrance of the detector will reduce the contri-583

bution. Here, we assume the reduction factor of 10%. Higher momentum K± can584

survive in the downstream of the second magnet, and K± → π0e±ν decay occurs in585

the detector. This becomes a background if e± is undetected. The kinematics of π0
586
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haloKL → 2γ
4.8 ± 0.2

is similar to KL → π0νν, therefore this is one of the serious backgrounds. Detection587

of e± is one of the keys to reduce the background.588

We evaluated the number of the background to be 4.0 as shown in Fig. 36. In589

the current beam line simulation, statistics is not enough. The number of K± with590

the momentum direction toward the decay volume through the beam hole of the591

Upstream Collar Counter is 8. The second magnet reduces it to be 0. We also use592

the halo-neutron momentum spectrum and direction for the K± generation due to593

the lack of the statistics. We will evaluate these with more statistics in the future.
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Figure 36: Distribution in the zvtx-pT plane for K± → π0e±ν for the running time
of 3× 107 s. All the cuts other than pT and zvtx cuts are applied.

594

The veto timing of the barrel detector is essential also for this decay. Figure 37595

shows the correlation between the barrel hit-z-position and tBarrelVeto. The lower596

momentum electrons or positions contribute to the events with larger tBarrelVeto due597

to the backward-going configuration similarly to KL → π0π0. Unlike the pho-598

ton detection, the detection efficiency is high because a few-MeV electron is still599

a minimum-ionizing particle. Therefore, the loss of the low-momentum particles600

outside the veto window could give a large impact to increase the number of back-601

ground. The 40-ns veto window from −5 ns to 35 ns is adopted because of small602

increase of the background by 0.5 events. The number of background increase to be603

322, for example, if we set a 20-ns veto window from −5 ns to 15 ns on tBarrelVeto.604

In this report, we use the same veto timing on this charged veto as in the photon605
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K+
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Figure 38: Distribution in the zvtx-pT plane of the hadron cluster background for
the running time of 3× 107 s. All the cuts other than pT and zvtx cuts are applied.

1.5.5.7 π0 production at the Upstream Collar Counter622

A halo neutron hits the Upstream Collar Counter, and produces a π0, which decays623

into two photons to mimic the signal.624

Halo neutrons obtained from the beam line simulation are used to simulate625

the π0 production in the Upstream Collar Counter. We assume fully-active CsI626

crystals for the detector. Other particles produced in the π0 production can hit the627

fully-active detector, and can veto the event. In the simulation, such events were628

discarded at first. In the next step, only the π0-decay was generated in the Upstream629

Collar Counter. Two photons from the π0 also hit the Upstream Collar Counter,630

and such events were discarded. The π0 production near the downstream surface631

of the Upstream Collar Counter mainly survives. Finally when the two photons hit632

the calorimeter, a full shower simulation was performed. In this process, photon633

energy can be mis-measured due to the photo-nuclear interaction. Accordingly the634

distribution of the events in the zvtx-pT plane was obtained as shown in Fig. 39. We635

evaluated the number of background to be 0.19.636

1.5.5.8 η production at the Charged Veto Counter637

A halo neutron hits the Charged Veto Counter, and produces a η, which decays into638

two photons with the branching fraction of 39.4% to mimic the signal. The decay639
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Figure 40: Distribution in the zvtx-pT plane of the background from η production
at the Charged Veto Counter for the running time of 3 × 107 s. All the cuts other
than pT and zvtx cuts are applied.

Table 6: Summary of background estimations.

Background Number
KL → π0π0 33.2 ±1.3
KL → π+π−π0 2.5 ±0.4
KL → π±e∓ν 0.08 ±0.0006
halo KL → 2γ 4.8 ±0.2
K± → π0e±ν 4.0 ±0.4
hadron cluster 3.0 ±0.5
π0 at upstream 0.2 ±0.1
η at downstream 8.2 ±2.3
Total 56.0 ±2.8
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 production at CVη
8.2 ± 2.3

# of signal events (SM) : 35 
# of background events : 40

 >5.6σ observation 
for ℬSM(K0

L → π0νν̄)



With five years of data-collcation: 

• 35 SM signal / 40 background events 

•  observation 

•  for  

• 90%-CL indication of NP for 40% 
deviation from SM 

• Potential to find NP effects!

5.6σ

Δℬ/ℬ = 25 % ℬSM(K0
L → π0νν̄)

Physics Impacts from KOTO II
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ℬ
(K

0 L
→

π0 νν̄
)×

10
11

ℬ(K+ → π+νν̄) × 1011

Expected to be  
explored/exlcuded by  

KOTO using 2021-2027 data 

Example 70% deviation from SM


