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Introduction: LLPs
◼ A growing interest in Long-Lived Particles (LLPs) !!

◼ NA62 and FASER recently released new data.

◼ Many future experiments.

◼ Many theoretical motivations:

• dark matter,

• muon g-2,

• Neutrino mass,

• Hubble tension.

◼ In this talk, LLP search at T2K. 
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T2K (Tokai-to-Kamioka)
◼ T2K is a long-baseline neutrino oscillation experiment in Japan.

◼ A 30 GeV proton beam collides with the graphite target, producing 
charged pions; then, the charged pions decay into muon-neutrinos.

◼ The produced neutrinos first go through the near detector ND280.
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Motivation and Goal
◼ The experimental setup of T2K is applicable to an LLP search.

◼ LLPs can be produced from meson decays and proton bremss. 

◼ The location of ND280 is ideal for long-lived particles.

◼ T2K has accumulated

◼ New constraints on LLPs
should be derived. 

◼ The previous work on HNLs:
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ND280
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Time Projection Chambers (TPCs)

◼ Tracking detectors.

◼Charged particle momentum.

◼ Particle ID.



Dark Photon (DP)
◼ We consider the minima dark photon model in this talk:

◼ DPs interact with the SM fermions through the EM current

◼ We do not consider the origin of the dark photon mass.

◼ Only two parameters: 𝒎𝑨′ and 𝜺 .
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Production: Meson decays
◼ Dark photons can be produced from neutral meson 

decays by replacing an SM photon with a dark photon.

◼ 𝜋0, 𝜂, 𝜂′ are dominant in T2K.
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Production: Bremsstrahlung
◼ DPs can also be produced from proton bremsstrahlung.

◼ We take into account resonances 
with vector mesons: 𝜌, 𝜔.
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◼ Two tracks of opposite charge inside the TPCs of ND280.

◼ We regard 𝐴′ → 𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋− as signal events.

◼ A signal selection efficiency is assumed to be 25%; for details, 
please refer to the analysis for HNLs by the T2K collaboration.
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Detection: Signal events
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◼ Processes having 𝜇± and 𝜋∓ in the final state mimic our signals, 
e.g., the neutrino-induced coherent pion production.

◼ The BG simulation by T2K is scaled by 𝑁𝑝𝑜𝑡, and the invariant 
mass distribution is generated by running GENIE v3.0.6.
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Detection: Backgrounds
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Results: Current limits
◼ The 95% C.L. exclusion regions 

for 𝑁𝑝𝑜𝑡 = 3.8 × 1021.

◼ Unfortunately, most of our 
excluded regions are buried in 
the previous constraints...

◼ Fortunately, near the resonance, 
we have obtained a small new 
excluded region.

◼ We need more POT !!
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◼ T2K is an ongoing experiment.

◼ ND280 was ungraded in 2023; T2K 
plans to accumulate 

by 2027.

◼ After 2027, T2K with Hyper-K will 
start and accumulate

in ten years.
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Results: Future sensitivity

𝑁𝑝𝑜𝑡 = 1.0 × 1022

𝑁𝑝𝑜𝑡 = 3.7 × 1022



◼ T2K has a sensitivity to smaller 
mixing regions in comparison with 
other experiments.

◼ T2K compensates collider and 
beam-dump experiments, and it is 
expected to provide us with 
distinct constraints in near future.
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Results: Future sensitivity



Summary

◼The location of the T2K near detector ND280 is 
idea for an LLP search.

◼We have derived the 95% C.L. excluded regions; 
a small exclude region has been found. 

◼ In the near future, T2K will accumulate more POT; 
the excluded regions will become broader.

14



backup
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◼ The 95% C.L. exclusion region 
(solid) and expected sensitivity 
regions (dashed, dotted) for the 
U(1)B−L model:

◼ The excluded regions disappear 
between 0.3GeV - 0.6GeV since 
no resonance with 𝜌 mesons.
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Results: 𝐔(𝟏)𝐁−𝐋

※ Mixing with the rho meson is proportional to 𝑞𝑢 − 𝑞𝑑
2



Num. of events
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× 0.25 × 0.82



Dimensions
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P.O.T.
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Backgrounds
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Meson distributions
◼ GEANT4 package and QGSP BERT package are used.

◼ Secondary productions at EM-Horns contribute a few %.
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Branching ratios of DP
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