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Two Complementary EstimatorsTwo Complementary Estimators

Muon-Energy-Binned-Time Estimator

Result: Validation + Combination

Final residual 9Li/8He rate

1.1 ± 0.3 (stat.) ± 0.3 (syst.) day⁻¹

takeawaySummary

1 Two estimators
Muon-energy-binned Time fit and Distance-Template residual fit 

are applied to the same sample.

2 Independent validation
Muon-Energy-Binned-Time Method and Distance-Template 

Residual Method give consistent residual estimates.

3 Strong suppression
Rate evolves from 58.0 (no veto) to 3.9 (SPN veto)  to 

1.1 (SPN + Muon Track veto) per day.
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• Muon interactions produce cosmogenic isotopes.

• Li9/He8 beta-n decays mimic IBD signals.

• Residual background must be quantified.

Most dominant background

Selection Criteria Constrained Rate (𝒅𝒂𝒚−𝟏)

Primary 58.0 ± 0.8 (stat.)

After SPN veto 3.9 ± 0.3 (stat.)

After SPN + Track veto 1.1 ± 0.3 (stat.)

Cross-check of Two Estimators

Combine Time and Distance method
• Decrease the statistic uncertainty of Time fitting result

• Distance-template result is used as an external Gaussian 

constraint in the time fit.

• Statistical 
uncertainty is the 
most dominant one

• Total systematic 
uncertainty ~ 25%

SPN: Spallation Neutron 
from muon

Distribution 
between SPN and 
Candidates

Distribution between 
Muon track and 
Candidates

Obvious cluster can be seen

Good agreement is observed 
between two estimators
Time method gives a larger 
statistic uncertainty
Try to use distance method 
to constrain result from time 
methodNature 654, 343-352 (2026).

Nucl.Instrum.Meth.A 564 (2006)

Selection Criteria

Analysis Strategy

Muon-Candidate Correlation

After SPN + Track veto: 
The time distribution should be 
modeled with two components:

The modified time structure and limited 
statistics lead to unstable fits and large 
uncertainties.
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After SPN + Track veto After SPN veto After SPN + Track veto: Li9/He8 raw counts

Distance-Template Residual Estimator

After SPN + Track vetoAfter SPN veto

Li9/He8 region Li9/He8 region

Obvious excess Obvious excess

Good template–data agreement
Small-distance excess: Li9/He8

Stability checks for Li9/He8 rate
• Distance-template boundary (upper, lower)
• Distance PDF binning

Constrained Combination

Uncertainty Budget

Results correspond to one of three methods used to perform oscillation analysis

Results obtained by different methods are compatible


