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Motivation

The neutron lifetime is measured in bottle 
experiments and beam experiments.

Bottle: total lifetime is measured by counting the 
number of neutrons in a container.

Beam: count the number of protons from neutron 
decay.
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Motivation

From SM prediction, bottle and beam experiments 
are almost equal.

However, there is 4-sigma tension between bottle and 
beam: 
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Motivation

From SM prediction, bottle and beam experiments 
are almost equal.

However, there is 4-sigma tension between bottle and 
beam: 

To explain the discrepancy, 1% of neutron decay into 
channel without proton.
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Models

Two models, invoking dark decays on the neutron:
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The colored scalar should be heavier than TeV:
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It can couple to photon and pion:
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Models

Requirement of        stability, and prevent      decay 
into proton. It becomes good DM candidate.
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Parameter Space

Model II:
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Signatures

What signatures are expected from Model I and II:
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Signatures

GeV DM annihilate with neutron, produce GeV photon 
and pions.

SuperK, HyperK, and DUNE can detect these 
signals.
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Signatures

Signal events:
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Signatures

The predominating channel is multi-pions:
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Signatures

The predominating channel is multi-pions.

The signal is similar to the antineutron-neutron 
oscillation searched at SuperK. 
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Signatures

The percentage of events pass the kinematic cuts:
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Summary

We studied the possible signatures from neutron dark 
decay models at SuperK, HyperK and DUNE.

Photon+pion, or multi-pion are the signals.

Model I is ruled out by the current antineutron-
neutron oscillation search at SuperK.

Model II is difficult to completely explore the 
parameter space, and difficult to rule out. It will be 
explore by HyperK and DUNE.
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Thank You!
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Introduction

From SM prediction, bottle and beam experiments are 
almost equal.

However, there is 4-sigma tension between bottle and 
beam: 
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Uncertainties

From factor:
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Uncertainties

Model II:
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Uncertainties

Antineutron-proton annihilation cross section:
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Model II

Lagrangian:
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