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New 
Physics?

• Theoretically clean (<2%)

KL rare decay : KL → π0νν̄
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KL → π0νν̄
• Direct CP violation process

in the Standard Model

Good probe to search for new physics

• Suppressed in SM: BRSM = 3 × 10−11

+

BR(KL → π0νν̄)

10−8

10−9

10−10

10−11

KOTO 2021
< 2.2×10-9

@ 90% C.L.

SM 3 × 10−11

Indirect limit✴
4.9×10-10

@ 68% C.L.

Experimental upper limit on 

Vts V*td

✴Indirect limit from relation to BR( )K+ → π+νν̄
Calc’d from NA62 results (2016-2024) with 1σ region

LaThuile2026 : https://agenda.infn.it/event/48984/contributions/286360/
attachments/146881/223788/Fiorenza_LaThuile2026.pdf

https://agenda.infn.it/event/48984/contributions/286360/attachments/146881/223788/Fiorenza_LaThuile2026.pdf
https://agenda.infn.it/event/48984/contributions/286360/attachments/146881/223788/Fiorenza_LaThuile2026.pdf
https://agenda.infn.it/event/48984/contributions/286360/attachments/146881/223788/Fiorenza_LaThuile2026.pdf


J-PARC KOTO experiment
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Search for  at J-PARCKL → π0νν̄

Hadron 
Experimental Facility

Japan Korea Taiwan U.S.

Photo@Collaboration meeting on Dec. 2025

Japan



• Signature of  :KL → π0νν̄

Experimental method
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KOTO beam line

KL
2γ30 GeV 

Proton beam

1st Collimator

1st Magnet

Au target  absorberγ
2nd Collimator

π0
Short-lived 

( )Ks

Neutral
( )KL, γ, n

~ 21 m

( )π, μ
ν

ν̄
Charged

: CSI calorimeter : veto

(π0→) 2γ + Nothing else

CSI calorimeter Hermetic Veto

Zvtx

Pπ0
t Signal  

region
• Reconstruct decay position ( ) assuming π0 massZvtx

cos θ = 1 − M2
π0

2Eγ1Eγ2
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2019-2020 
(Analyzing)

2021

✔

✔
✔

2024-2025

✔

• We have collected approximately twice the statistics compared to the 2021 data in 2024, 2025

• Beam power gradually increased : 64kW(2021)
Shorter repetition cycle   

5.2 s → 4.2 s

80kW (2024)→ → 92kW (2025)



Overview of 2021 data analysis
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Single Event Sensitivity (SES) : Branching ratio for which the expected number of observed events is 1

Black : observed
Red : estimated  :  MCKL → π0νν̄

 SES2021 = (9.33 ± 0.06stat ± 0.84sys) × 10−10

• No observed events inside signal region Phys. Rev. Lett. 134, 081802 (2025)

 (90% C.L.)ℬ(KL → π0νν̄) < 2.2 × 10−9

K±

Halo KL

KL → 2π0

Neutron

CV-η
Upstream-π0

Sum
Signal(SM)

Summary of expected events inside signal region

Expected # of events
0 0.1 0.2 0.3

#BG = 0.252 ± 0.055+0.052
−0.067

#Signal = 0.03

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.134.081802
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Upgrade after 2021 : Detector (1)

ν

KL π0 2γ

e±(missing)

 decayK± → π0e±ν

Proton

Collimator

1st Magnet

K±

Au target  absorberγ

UCV

Key feature
• Sensitive to charged particles to detect  in the beamK±

• Insensitive to the scattering of neutral particles ( , neutron)KL

Upgraded Upstream Charged Veto(UCV) to further reduce the  backgroundK±
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Upgrade after 2021 : Detector (2)

UCV (2021)

Material : 0.5mmT 
scintillating fibers

New UCV (2023-)
0.2mmT 
scintillator film

Thinner

Inefficiency : 7.8% 0.06%
More 
sensitive

0 5 10 15 20 25 30 35 40 45 50
# of photoelectrons

1

10

210

310

410

p.e. Distributionp.e. DistributionLight yield

Obtained 18.5 p . e . /MIP

η

Threshold [MIP]

Achieved  
�at�0.4�MIPη = 6 × 10−4

Inefficiency η

Light yield [p.e.]

Performance

Photo

T Al mylar12 μm

PMTs

K±

Collect the scintillation light 
escaping from the scintillator

Top view

10-2

10-3

10-4

Upgraded Upstream Charged Veto(UCV) to further reduce the  backgroundK±
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ν

KL π0 2γ

e±(missing)

Proton K±

Upgrade after 2021 : Magnet

- Permanent magnet
- B (~ 0.9 T) × 0.5 m in average
- Reduction of  flux is expected to be 1/10K±

Installed permanent magnet in the beam line

Z

With UCV and magnet,  BG is expected to be negligibleK±



5γ data : 5 clusters in CSI calorimeter  + loose veto

Upgrade after 2021 : DAQ system
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• Upgraded DAQ system in 2021-2023 to have more DAQ rate capability
• Add new triggers to collect data for

KL
3π0

5γ

6th γ

- By-product physics (e.g. : )KL → π0ee
- Data-driven evaluation for photon inefficiency (5γ data) to reduce the 

systematic uncertainty of  BGKL → 2π0

Use this 1γ to evaluate 
the photon inefficiency



Status of 2024-2025 analysis
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 flux was evaluated using control sample simultaneously taken with physics data in 2024K±
Reduction of  fluxK±
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K±

π0
Z

π±

2γ

CV

θ
Preliminary

Signal region

 [MeV]M(π±π0)

 distributionM(π±π0)

 flux was reduced by a factor of  > 15  thanks to magnet(Preliminary)K+

2021 data
2024 data

for  candidatesK±

With magnet and new UCV,  BG would be negligible K±

1. Reconstruct  from 2γ’s energies and positions → Get ,  
2. Calculate  direction  from  + hit position on CSI calorimeter
3. Calculate  momentum ( ) with the assumption of 
4. Reconstruct the mass 

π0 Zvtx PT(π0)
π± θ Zvtx
π± P(π±) PT(π±) = PT(π0)

M(π±π0) = (pγ1 + pγ2 + pπ+)2



New event classifier against Halo KL→2γ BG (1)
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Develop new event selection to further reduce Halo KL→2γ BG

Halo KL

γ

γ

Signal Halo KL→2γ BG

KL

γ
π0

vv

γ Z Z

CSICSI

Cluster image CNN

Cluster image

γ0

γ1

[ , , , ]θ ϕ X Y

[ , , , ]θ ϕ X Y

Output

• Used Convolutional Neural Net(CNN) to extract the feature from the cluster image

 Signal → 1 
Halo KL → 2γ BG   → 0
KL → π0νν̄



New deep neural network classifier (2)
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Distribution of Deep learning output

Output

Prelim
inary

Signal likeBG like
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• Halo KL→2γ BG can be reduced to be ~2% with 95% signal efficiency
→× 6 higher rejection power than that in the previous cuts

Reproducibility check using KL→2π0 sample

• The reproducibility of the MC simulation was tested using KL→2π0 sample  

Output

→ Good agreement between Data and MC

Prelim
inary



Expected improvement of BG from 2021 data analysis
Expected improvement from 2021 data analysis
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- Assume the same sensitivity of 2021 data analysis

K±

Halo KL

KL → 2π0

Neutron

CV-η

Upstream-π0

Sum

0 0.1 0.2 0.3 0.4

2021
2024, 2025 (Expectation)

Preliminary

# of BG
• # of BG would be reduced by 35 %

• More accurate estimation of  BG would be achieved with the 
precise measurement of veto inefficiency using 5γ data

KL → 2π0



Status of 2024-2025 data analysis
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Preliminary

• We have collected approximately twice 
the statistics compared to the 2021 data

• We enlarged the blind region to consider 
the possibility to extend the signal region 
(to lower PT and larger Z)

• No events were found outside the blind region 
except for the upstream events

Zvtx [mm]
P

T 
[M

eV
]

PT vs Zvtx plot under almost same 
cut as 2021 data analysis

→No surprise so far

Signal region

• Will estimate sensitivity and background soon

• Considering the combined analysis 
from 2021 data



Prospect of KOTO
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With the following assumptions, we aim to reach SES < 10-10 in 3-4 years

Grossman-Nir limit 
calculated as 
4.3×BR(K+→π+νν)SM

Expected #Protons On Target (POT)

Expected limit vs SES

- Beam power will reach 100kW in 2026-
- Beam Run time : 20 days/month × 3 months/year
- 70% efficiency for physics data taking

Year



Next Step : KOTO II
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KOTO II @ J-PARC
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Photo@KOTO II workshop in Mainz, Germany 2025

• Aiming to measure the branching ratio of  decay (to study  also )KL → π0νν̄ KL → π0l+l−

- ~35 Signal events / ~40 BG events with 3×107 s running time
- >5σ discovery of SM events
- Δℬ/ℬ = 25 %

The proposal (arXiv:2501.14827) was submitted and was scientifically 
approved (Stage 1 status)

KOTO II : Next generation of kaon experiment at J-PARC

- 10 countries
- 76 members from 26 institutions

J-PARC KOTO II (E107) 

+ 11 observers as of March 2026

KOTO II collaboration has been formed



More KL

Improvement from KOTO to KOTO II
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- Larger decay volume (signal region) : 2 m → 12 m

Proton

5°

16°

- Extraction angle : 16° → 5°
→ × 2.6 flux + harder spectrum

More signal acceptance

- Larger calorimeter : 2 m → 3 m



KOTO II detector (Base design)
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It is just a base design and there are many rooms to improve and contribute.
Please join us if you are interested in!
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Modular Barrel Veto 
(Pb 1mm / Plastic Scinti. 5mm + WLS fibers)

3D cut view of the KOTO II detector

Calorimeter
20m

3m Beam Hole 
Charged Veto

Beam Hole 
Photon Veto

Calorimeter

Outer veto



KOTO

Summary 
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• With the hardware upgrade and analysis improvement, # of BG would be further reduced by 35%

• KOTO will reach SES below 10-10 in 3-4 years

• 2024-2025 data analysis is ongoing ( ×~2 statistics of 2021 data)

KOTO II
• Experimental project has been scientifically approved and the KOTO II collaboration has been formed.

• Aim to discover  with > 5σ and measure  with 25% precisionKL → π0νν̄ ℬ(KL → π0νν̄)

KOTO

KOTO II

2025 2030 2035 2040
Data taking (SES < )10−10

Construction Data taking

Roadmap



Backup
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KOTO
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By product physics at KOTO
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BG mechanism
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KOTO detector
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ν

KL
2γ

ν̄

π0

Calorimeter (CSI)

Charged Veto(CV)Main Barrel (MB)Front Barrel(FB)

Upstream Charged Veto (UCV) 2021

Onner Barrel (IB)



• Installed Upstream Charged Veto (UCV) to suppress  BG in 2021K±
Lessons from 2021 data analysis : UCV drawback
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- Contribution of  BG was still as large as SM signalK±

- Increased halo  BG and Neutron BG (× 2)KL → 2γ
Halo  BGKL → 2γ

Neutron BG

• It had several drawbacks

2γHalo KL

Original

+

Neutron

Original

+ Neutron

UCV

KL 2γ

UCV

Scattering in UCV

Scattering in UCV

due to the scattering of  and neutron in UCVKL



Lessons from 2021 data analysis :  BG estimationKL → 2π0
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Introduced a data-driven photon inefficiency evaluation for  BG estimationKL → 2π0

• Evaluate the inefficiency with  eventsKL → 3π0

KL
3π0

5γ

6th γ
- Reconstruct the momentum of the 

6th γ by kinematic constraints

Inefficiency = N5γ in CSI

NEdep<threshold

KL → 3π0

6γ

100% statistical uncertainty of inefficiency due to the limited statistics of control data

- Check the energy deposit  
in veto detector

- Require 5γ in CSI calorimeter



Flux change of halo KL and neutron (Expectation)
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• Evaluated the change of the flux of BG source (halo KL and neutron) after our upgrade

UCV upgrade

Magnet installation
- Changed the last part of collimator

- Reduced material budget

→Flux will increase

→Flux will decrease

Expectation

2021

Halo KL : 

Neutron :

1

1

UCV upgrade
×0.7

×0.75
0.7

0.75

Magnet installation
×1.2

×1.07

0.84 (-16%)

0.80 (-20%)

2024, 2025

Halo  (Neutron)KL
Z

☺

"



Flux change : Halo KL
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Halo KL : Evaluated by using  sampleKL → 3π0

# 
ha

lo
 K

L/
# 

co
re

 K
L 

[
]

10
−5

Preliminary
Expectation

Change of halo KL

The flux of halo KL decreased by 23% due to the combined effects of both UCV and magnet

KL → 3π0

RCOE = Radius of Center Of Energy on CSI 

RCOE [mm]

Halo KL

No UCV 2021 2024 2025  
Jan.-Feb.

2025  
Apr.-May.



Flux change : Neutron
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Expectation

Neutron : Evaluated by using control region in PT vs Zvtx plane

Neutron Flux

The flux of neutron decreased by 30% due to the combined effects of 
both UCV and magnet
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Thanks to DAQ upgrade, we were able to accumulate 5γ data more effectively in 2024, 2025
→Evaluated photon inefficiency with data from 2024 data analysis

Photon inefficiency evaluation using 2024 data
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• Evaluate the inefficiency with  events with 5 clusters in CSIKL → 3π0

KL
3π0

5γ

6th γ
Veto detectors

Inefficiency = 
N5γ in CSI

NEdep<threshold

- Reconstruct energy of 6th γ( ) and direction by 
using kinematic constraints with the 5γ information

Eγ6

- Check the energy deposit  
in veto detector of the destination
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KL
3π0

5γ

6th γ
Barrel detectors

Inefficiency = 
N5γ in CSI

NEdep<threshold2021
NEdep<threshold = 1
Corresponding inefficiency = (4.8 ± 4.8) × 10-5

2024

→ Reduced statistical uncertainty by ~ 30%

• Expect to reduce the statistical uncertainty of photon inefficiency by ~10%

→ 100% statistical uncertainty

Corresponding inefficiency = (5.5 ± 1.6) × 10-5Preliminary12NEdep<threshold =

Photon inefficiency evaluation using 2024 data
In case of Barrel detector with incident  energy γ Eγ6

> 200 MeV

with 2024+2025 data



Photon inefficiency of the barrel detector with different Grant4 versions
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Geant4-based MC simulation shows model dependance in the photon inefficiency

• The difference come from the difference of 
the model for photo nuclear interaction

• In  BG, we relied on MC simulation, 
but we don’t know which model is true.

KL → 2π0

Data-driven evaluation is needed



Quick check of 5γ data (2)
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Accumulated 5γ data × 20 more efficiently than before

KL
3π0

5γ

6th γ
Barrel detectors

Inefficiency = 
N5γ in CSI

NEdep<threshold2021
NEdep<threshold = 1
Corresponding inefficiency = (4.8 ± 4.8) × 10-5

2024

→ Reduced statistical uncertainty by ~ 30%

In case of Barrel detector with incident  energy γ Eγ6
> 200 MeV

• Will accumulate more 5γ data in coming runs

→ 100% statistical uncertainty

Corresponding inefficiency = (5.5 ± 1.6) × 10-5Preliminary12NEdep<threshold =



Evaluated UCV performance with the data collected 
in special condition

Impact on NewUCV performance (1)

42

1st Magnet 
(ON➡OFF)

n, γ, KL

MIPs ( )π, μ

NewUCV

Beam plug 
(OPEN➡CLOSED)

(Length :  cm ( ))45 2.7λ

• Took the data with special condition

• Evaluated the performance against MIPs by tagging them with movable trigger counters

2nd Magnet
(Permanent Magnet)

Movable trigger counters  
(Move to beam core)

Z

X



=> Effect of magnetic field leakage was negligible
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Impact on NewUCV performance (2)
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Energy Inefficiency

In
ef

fic
ie

nc
y

Threshold[MIP]Energy [MIP]
• UCV performance was consistent with 2023 data : Achieved  at 0.4 MIP threshold5 × 10−4

10−1

10−2

10−3

10−4

• Compared the performance with 2023 data (w/o 2nd magnet)

Preliminary

20
24

/2
02

3

Requirement

 2023 data (w/o 2nd magnet)
 2024 data (w/ 2nd magnet)

 2023 data (w/o 2nd magnet)
 2024 data (w/ 2nd magnet)

Preliminary



Status of 2025 data : Improvement of beam structure (1) 
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Tried to improve the beam structure in cooperation with the accelerator side

→ Suffered from signal loss due to accidental hit in veto detectors
• If beam structure is bad,  many triggers are issued during spiky condition

Our Beam cycle : 2 s every 4.2 s

P
ro

to
n 

ra
te

4.2 s

2 s

Ideal
Reality

Trigger

Time [s]
ν

KL
2γ

ν̄

π0
Accidental γ

Example of signal loss

Better beam structure = Larger signal acceptance

• As KOTO, implemented accidental hit monitor at HLT
for the quick feedback to accelerator side



2021 2024 20250.8
0.85
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h0h0• Evaluated the gain of signal acceptance  using MC overlaid accidental dataAsignal
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Status of 2025 data : Improvement of beam structure (2) 

Signal acceptance was 10% better than 2021 (before MR power supply upgrade)

Preliminary

Asignal/A2021
signal

20% better than 2024



KOTO II
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