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Search for new physics via K0
L → π0νν
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ℬ(K0
L → π0νν)SM = 3 × 10−11

(2% error only)
Rare & Precisely-predicted

→ Sensitive to New Physics
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Λ2

NP
→ ΛNP ∼ 𝒪(100) (TeV)

The regime where colliders can hardly explore. 

K0
L → π0νν
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New physics sensitive regime
Indirect upper limit given by NA62

BR(K+ → π+νν) [10−11]

BR
(K

0 L
→

π0 νν
)

[1
0−1

1 ]

≤ 7.0 × 10−10 (68% C.L.)
JHEP 1511 (2015) 033

CKM-like structure

General theories

LH/RH coupling 
dominate

1-σ window by NA62 (2025)

B(K0
L → π0νν) ≤ 4.3 × B(K+ → π+νν)

Experimental result of  B(K+ → π+νν)
(13.0+3.3

−3.0) × 10−11 JHEP 02 (2025) 191

Model-independent constraint 
Grossman-Nir (GN) bound

Agrees with SM   
with 1.7 

(9.11 ± 0.72) × 10−11

σ JHEP 1511 (2015) 033
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The KOTO experiment
KOTO (K0 at TOkai) aims to 
search for the rare kaon decay at 
J-PARC.

KOTO collaboration (2025)

Japan/Tokai
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• 21-m-long beamline → Long-lived neutral 
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measure the missing  of .
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Detector Design
Hermetic veto system

Photon veto

Charge veto
Two layers of thin plastic scintillators.

Reject charged particle hits in the calorimeter.

Inefficiency ~ . 𝒪(10−5)

γ

Barrel counter sandwiched by lead and scintillators.

Enclose the decay volume to maximally detect additional photons.

Thickness = 19 .X0

γ

π+

π−

K0
L → π0π+π−

Calorimeter
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Signal Identification
Reconstruction method
• Reconstruct decay vertex using  mass constraint.π0

CsI calorimeter

γ1
γ2K0

L
π0M2

π0 = 2E1E2(1 − cos θ12)

θ = θ(Zvtx)

• A signal should have its decay vertex in fiducial region and 
large  due to undetected neutrinos.PT

Reconstructed  π0 Zvtx
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st
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π0

P T Blind analysis
Events inside the blind region were inaccessible 
until the selection criteria were determined.

(0,0,Zvtx)

Signal region
Events inside this region will be identified as signal 
candidates. 7
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KOTO data collection history
• KOTO expects to improve the sensitivity by another factor of 2 using the data 

collected during 2024- 2025.
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2016-2018 data
PRL 126, 121801 (2021)

2021 data

Latest result

8

2024-2025 data
Analysis ongoing
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Single event sensitivity

En
tri

es
 (/

 1
0.

00
 M

eV
)

1

10

210

310

410

510

610  MassLK
Data

0π 3 → LK
0π 0π → LK

 KOTO Run87 (64kW)

[MeV]
200 300 400 500 600 700 800 900 1000

D
at

a/
M

C

1

2

CUT

Rec  (MeV/c2)MK0
L

SES =
1

NK0
L

× Asig

Single Event Sensitivity ( ) 
(The branching ratio if one signal is observed)

SES

NK0
L

=
N(K0

L → π0π0)
AK0

L→π0π0 × B(K0
L → π0π0)

= 6.8 × 1012

Calculated via well-known 
decay K0

L → π0π0

Evaluated by MC

From PDG
(at the entrance of the KOTO detector.)

2021 run data
N(K0

L → π0π0)

Latest results



Latest results
Experimental status

• Worldwide best limit is set by KOTO 
using data collected in 2021:  

 (90% C.L.)B(K0
L → π0νν) < 2.2 × 10−9
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Phys. Rev. Lett. 134, 081802



γ

γ

K0
L → π0π0

• One of the major background sources 
 decay is formidable.

• One of the s decays into two γs but both 
γs are not detected due to the veto 
inefficiency. 

K0
L → π0π0

π0

11

γγ

 backgroundK0
L → π0π0

KOTO II experiment
- Higher intensity beam → better signal strength.

- Higher kaon momentum and new detector configuration 
→ better detection efficiency

KOTO

KOTO-II

Lead-scintillator sandwich



Roadmap of  searchK0
L → π0νν

10-9

10-10

10-11

ℬ(K0
L → π0νν)

• KOTO set the worldwide best limit of < 2.2 x 10-9 (90% C.L.) 
Paper has been published in 2025.

• New physics sensitive regime < 7.0 x 10-10  (68% C.L.) 
(Grossman-Nir bound)

• KOTO expects to reach sensitivity of O(10-10) within 3-5 years. 
Prepare for the “KOTO II" project.

• Standard Model prediction = 3.0 x 10-11.

• KOTO II targets to explore the sensitivity below O(10-12).
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The KOTO II project

KOTO

KOTO II

Target

Proton

KOTO

KOTO II

• Compared with KOTO:

• Longer signal region: 2 → 12 m. 


• Higher  momentum: 1.4 → 2.9 GeV/c.


• Higher  flux (KOTO x 2.4).

K0
L

K0
L

13
12m



Expected impact from KOTO II

Two scenarios: 

• If 


• Observe 35 signals + 40 background events.


• >  significance. 

(Uncertainty of the branching fraction ~25%) 

• If   

→ New Physics implication (90% C.L.).

B(K0
L → π0νν) ≈ SM

5σ

|B(K0
L → π0νν) − SM | > 40% × SM
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Status of the KOTO II collaboration
• The KOTO-II collaboration has 77 members from 11 countries. 
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• Proposal has been submitted (hep-ex 2501.14827) and scientifically approved 
(stage-1 approval) by J-PARC.

• J-PARC E107 experiment. 

• Aim to start the operation from 2030s.



Taiwan contribution to KOTO-II experiment
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Chieh Lin (NCUE)
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Hardware

Physics



DAQ challenges to study the  rare decaysK0
L

• High intensity  beam is required.  
→ Triggers need to be processed fast. 

• Backgrounds are also rare.  
→ The waveform shapes are utilized to 
further suppress the rare background events.


• Many accidental activities. 
→ Online timing window needs to be 
accurate to avoid overkilling signal events.
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DAQ challenges to study the  rare decaysK0
L

• High intensity  beam is required.  
→ Triggers need to be processed fast. 

• Backgrounds are also rare.  
→ The waveform shapes are utilized to 
further suppress the rare background events.


• Many accidental activities. 
→ Online timing window needs to be 
accurate to avoid overkilling signal events.

K0
L

Neutron

Photons

[Y.C. Tung, NIM A,1059 (2024) 169010]



DAQ challenges to study the  rare decaysK0
L

• High intensity  beam is required.  
→ Triggers need to be processed fast. 

• Backgrounds are also rare.  
→ The waveform shapes are utilized to 
further suppress the rare background events.


• Many accidental hits. 
→ Online timing window needs to be 
accurate to avoid overkilling signal events.

K0
L

Tveto − TCSI

Timing (ns)  
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0

Off-peak hits are 
“accidental” 



Pipeline trigger design

Prototype (Made in UChicago)

Non-stop 

digitization

@500-MHz

Analog input

The pipeline is realized by the on-chip memory (FPGA).

Uncertainties from delay cables are eliminated.

Pipeline depth ~ 50 μs

Analysis Collect?

YES

Energies converted 
from pulse height

Trigger center

Record

Pulse



R&D project 
in Taiwan

Subdetector Digitizer

Pipeline buffer

Readout control

Event-builder

High-level 
trigger

Temporary 
storage

Trigger 
Calculator

Trigger 
Manager

Computing center

Homemade 
ADC board

PC farm

FPGA-based

• Focus on the design of the 
upstream DAQ system for the 
KOTO-II experiment. 


• Perform the Lv0/Lv1 triggers 
using FPGA. 



Summary

• The KOTO experiment has set the limit of  (90% 
C.L.) using the data collected in 2021.


• We are expecting to explore the New Physics sensitive regime in the next 3-5 
years and preparing for the KOTO II experiment to enhance the physics impact.

B(K0
L → π0νν) < 2.2 × 10−9
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Supplemental
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Interpretation of an invisible particle

24

• Interpretation of an invisible boson  with 
mass of 135 MeV/c2 ( ):  

 (90% C.L.)

X
Mπ0

B(K0
L → π0X) < 1.6 × 10−9

  

 (90% C.L.)

B(K+ → π+π0, π0 → invisible)

< 4.4 × 10−9 JHEP 02 (2021) 201



π0
n

γ

γ

n

Rec  Zvtx

Upstream  (MC)π0

Photo-nuclear interactions
→ Measured energy is smaller.

Tends to populate at the upstream 
side. Can suppress the background 
by shrinking the signal region.

Upstream  backgroundπ0



 backgroundK+

• A K+ particle may be produced at the 2nd 

collimator.

• An extra magnet at the upstream of the detector 

entrance highly suppresses the K+ background. 

Neutral beam 
particle

K+ γ

γe+

ν
Collimator

Magnet

Permanent magnet (B = 0.98T at center) 



KOTO II Simulation
Why KOTO II adopts the targeting angle of 5 degrees?

Yield, n/K vs angle (Au)
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KOTO II #Background Prediction
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