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nProbes 

Mostly based on collaborations with P. Coloma 



Oscillation Parameters 

 What we already know (1s) 
 

 Solar sector 

 
 Atm. sector  
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 What we still don’t know  
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 Mass hierarchy 
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The Golden channel in matter 

A. Cervera et al. hep-ph/0002108 
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Optimization of facilities for large 13 

P. Coloma and EFM 1110.4583   

Signal systematics and not stats becomes the bottleneck 

for large 13, explore second peak? 



Sensitivities with present experiments 

   From P. Huber et al. 0907.1896  

Normal 

hierarchy 
Inverted 

hierarchy 

1, 2 and 3 s 

T2K+ 

Nona+ 

Daya Bay 



Sensitivities with present experiments 

Normal 

hierarchy 

Inverted 

hierarchy 
1 s, 90%,  2 s, 99% and 3 s 

mainly 

T2K+ 

Daya Bay 

   From M. C. Gonzalez-Garcia, M. Maltoni, J. Salvado, T. Schwetz 1209.3023 www.nu-fit.org 
  



Shoplist of future facilities 

E. Baussan et al 1309.7022  

Big WC detectors, low energies, small matter effects 

LAr detectors, high energies and broad beams, big matter effects 
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Sensitivities to CPV 

   Plot by P. Coloma 



Sensitivities to CPV 

   Plot by P. Coloma from 1309.7022  



Precision 

13: 3º - 10º 

P. Coloma, A. Donini, EFM and P. Hernandez 1203.5651  
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How are these computed? 

 

1. Compute the expected number of events for a facility for 
some assumed “true values” of the unknown parameters 

 

2. Compare these number of events with those expected for 
the “null hypothesis” (CP conservation, wrong hierrachy) 

 

3. Compute the c2 between the two and that gives the 
expected sensitivity of the facility for those “true values” 

 

4. Repeat for as many “true values” as you want and plot 

Sensitivities with future experiments 
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Probabilities 

But, will a single realization of the experiment  

actually reach the expected sensitivity? 

What is the probability of actually reaching it? 

Around 50% since  

~half the time  

we will get “luckier” 

From T. Schwetz  
hep-ph/0612223   
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Probabilities 

What is the probability of reaching the expected sensitivity? 

Around 50% since ~half the time we will get “luckier” 

What is the probability of reaching the target sensitivity? 

More interesting: 

Not so interested in knowing that a facility is expected to 
provide 4.5 s or 8 s. It is more interesting to know the 
probability for the facility to achieve 5 s! 

The first could get lucky, the second unlucky… 

Naturally the two things are correlated 
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How to compute them? 

 

1. Compute the expected number of events for a facility for 
some assumed “true values” of the unknown parameters 

 

2. Generate a large (~1000) number of realizations of that 
experiment with the expected mean and deviation 

 

3. Compute the c2 between each realization and the “null 
hypothesis” and check if the target CL was reached for that 
realization. Count how many, that gives and estimation of 
the success probability. 

 

4. Repeat for as many “true values” as you want and plot 

Probabilities 



Probabilities for CPV discovery 

90 % CL for T2K+NOnA, 5 s for the rest 

Sensitivity peaked around ±90º for all  

M. Blennow, P. Coloma, A. Donini and EFM 1303.0003   



Probabilities for CPV discovery 

Sensitivity peaked around ±90º for all 

If T2K+NOnA dont see, will the others see? 

Joint probability 

of not having a 

90% CL hint at 

T2K+NOnA and 

5 s discovery at 
new facility   

M. Blennow, P. Coloma, A. Donini and EFM 1303.0003   



Probabilities for CPV discovery 

Joint probability of not having a 90% CL hint at T2K+NOnA and 

5 s discovery at new facility. Less and less likely when increasing 
T2K+NOnA running time if no hint. 

   

M. Blennow, P. Coloma, A. Donini and EFM 1303.0003   



The results from T2K+NOnA will constrain our prior 
knowledge of  for the next facilities 

 

Negative results will make CPV values of  less likely 

 

 

Conditional probability 
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T2K+NOnA results: 
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The probability of discovery of the new facility contidioned to 
T2K+NOnA results: 

 

 

Can be easily computed 

from the joint prob: 
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Conditional probability 

Positive T2K+NOnA 

90% CL hint 

No T2K+NOnA 

               hint 

M. Blennow, P. Coloma, A. Donini and EFM 1303.0003   

Assuming a uniform probability distribution of , how likely is a 

discovery (5s) by a new facility if T2K+NOnA (dont) have a 90% hint  

by the year X? Upper (lower) end of band for (un)known hierarchy  

10 years run 

            with 



 Conclusions 

The large value of 13 discovered opens the window to 
the measurement of the neutrino mass hierarchy and 
leptonic CP violation.  

 

T2K and Nona will provide the first ~90% CL indications 
over the next years. In order to reach discovery, 
upgraded or new facilities will be needed.  

 

The optimization strategy for CPV changes for large 13: 
importance of systematic errors and the second 
oscillation peak over statistics and backgrounds.  



Precision in  

   Plot by P. Coloma from 1309.7022  



Systematics 

P. Coloma et al 1209.5973  



Systematics 

P. Coloma et al 1209.5973  



T2K+NOnA Running time 



Precision 

P. Coloma, A. Donini, EFM and P. Hernandez 1203.5651 


