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Outline  
Presented here are studies performed to 

study the effect of sampling of the 
nuisance parameter space to generate a 
distribution of the test statistic given the 
null hypothesis of no 𝝂eBar appearance

P Value  
(1) Generate a fake data set T for 

null hypothesis 
(2) Compute test statistic S for T 
(3) Fill distribution with 

ensemble of statistics Si 

(4) Calculate data statistic SD 

(5) Compare SD with Si 

Rate only analysis 

Rate + shape 

P Value: 
The probability to make a measurement 
as or more extreme than seen in data 
given the null hypothesis is true. 
Null Hypothesis: 
No 𝝂eBar appearance  (𝛽 = 0) 
(Posc(𝝂μBar -> 𝝂eBar) = 𝛽 Posc(PMNS))

Statistic: #Events in 𝝂eBar sample  

Statistic: Δ𝝌 = 𝝌2(𝛽=1) - 𝝌2(𝛽=0) (marginalised)

T2K 
•Long baseline 𝝂 oscillation experiment 
•4 sample fit (e-like/μ-like 𝝂/𝝂Bar) 
•Flux and x-sec constrained by ND

•Oscillation parameters = nuisance 
•e-like/μ-like 𝝂 and μ-like 𝝂Bar 
constrain nuisance parameters 
•ND fit -> Prior for Super-K fit 
•Nuisance marginalised out

“Data” = Asimov (MC) data 
(1)Throw expectation Texp from priors 

(nuisance parameter fluctuations) 
(2)Likelihood weight L = L(Tdata|Texp) 
(3)Statistical fluctuation of Texp: Tobs 

(4)Distribution: 10k Tobs from 100k Texp  
(5)Tobs weighted by L

Priors: 
Asimov:

Q: What are the variations of my null?

“Data” = Asimov (MC) data 
•Test: same as rate-only 
•Toy weight from real data 
•Marginalisation penalty? 

•“Real data” 
•MC throw data (Tdata) ”Data” marg MC marg 

Summary 
•Little effect with current statistics 
•Significant at larger POT 
•𝝂Bar e-like posterior = conservative 
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