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Neutrinos and the flavour puzzle 
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From C. Luhn talk, some simple mixing patterns easily obtained 
from symmetries: 

“Tribimaximal” 

“Golden Ratio” 
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Neutrinos and the flavour puzzle 

From C. Luhn talk, possible solutions: 

q13 generated from perturbations of the original 
simpler pattern 

 

Will show up in perturbation theory. Leads to 
testable sum rules… 



Neutrinos and the flavour puzzle 

From D. Meloni talk, different models allow different sets of 
mixing parameters: 

Testable at JUNO/Reno50? 

Testable with T2K+NOnA CP searches? 
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From D. Meloni talk, different models allow different sets of 
mixing parameters: 



Results from current experiments 

From H. Seo talk, RENO results: 

 

From M. Vivier talk, DCHOOZ results: 

 



Results from current experiments 

From J. Zhao talk, Daya Bay results: 

 

621 days 



Results from current experiments 

From A. Holin talk, MINOS/MINOS+ results: 

 



Results from current experiments 

From U. Kose talk, OPERA results: 
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Results from current experiments 

From J. P. Athayde Marcondes de André talk, IceCube results: 

 

 

 



Results from current experiments 

From C. Bronner talk, T2K results (new antinu data not included): 

 

 

 

T2K only results favour  

maximal q23 
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T2K only results favour  

maximal q23 

Some tension with  

reactor in q13 



Results from current experiments 

Tension translates in preference  

for q23 > 45º and d < 0 

 

Normal hierarchy also slightly  

favoured over inverted  

 

 



Prospects from current experiments 

Stay tuned for future T2K and NOnA results to see  

how these hints for q23 > 45º and d < 0 and NH evolve 

 

 

 
Mass hierarchy 

 

NOnA 3+3 years 

from X. Bu talk 



Prospects from current experiments 

Stay tuned for future T2K and NOnA results to see  

how these hints for q23 > 45º and d < 0 and NH evolve 

 

 

 
CPV 

 

NOnA 3+3 years 

from X. Bu talk 



Prospects from current experiments 

Stay tuned for future T2K and NOnA results to see  

how these hints for q23 > 45º and d < 0 and NH evolve 

 

 

 
Octant 

 

NOnA 3+3 years 

from X. Bu talk 



Future prospects 

From J. Spitz talk: 

 

 

 

DAEdALUS CP search 



Future prospects 

From J. Evans talk: 

 

 

 

CHIPS CP search 



Future prospects 

From J. Evans talk: 

 

 

 

CHIPS CP search 



Future prospects 

From R. Bayes talk: 

 

 

 

NF d measurement 



Results from current experiments 
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Neutrinos and the flavour puzzle 

The simplest mixing patterns (Tribimaximal, Golden Ratio…)  

have already been ruled out by q13 

 

This led to realize the role and importance of perturbations,  

which in turn lead to sum rules testable by precise  

measurements of q12, q23 and d.  

 

The error bars on these parameter keep improving with new data 

and the model parameter space reduces leading to new ideas 
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Importance of cross sections 

P. Coloma et al 1209.5973  Courtesy of P. Coloma 



Importance of cross sections 

P. Coloma et al 1209.5973  Courtesy of P. Coloma 

+NuSTORM (1% uncorrelated errors on xsecs) 



Importance of cross sections 

From S. Cartwright talk, T2K error budget: 

 

 

 



Importance of cross sections 

From F. Terranova talk: 

 

New ideas: try to tag the ne from Ke3 decays. 

This could provide a clean measurement of the ne    
cross section without flux uncertainties. 

 

 

 



Importance of cross sections 
 

Two joint sessions with WG2 on energy reconstruction. 

Talks by N. Raddatz, S. Cartwright, C. Wilkinson,  

J. Wolcott, A. Ereditato and S. Boyd 

 

 

Neut choice RFG+RPA+MEC 

for T2K analysis (best fit to 
MiniBooNE and Minerna data) 

Tension in cross sections at low and  

high E between NOMAD and MiniBooNE 

probed by new Minerna data 

Some tensions between Minerna 
and MiniBooNE data, no single 
model reproduces well all 
observations   

Most recent theoretical 
models still to be 
implemented in generators 

Minerna and ArgoNeuT data 
can help! 



Importance of cross sections 

Importance of NuStorm is experiment dependent.  

 

Largest improvement for T2HK  with errorbars halved in part 

of the param space. 

 

LBNF and ESSnuSB would also benefit. 



Mass hierarchy 



Mass hierarchy 

From M. M. Devi talk: 
 
 

Including hadron energy information INO could reach 3 s in 7-13y 



Mass hierarchy 

From M. M. Devi talk: 
 
 

Combining data (INO+T2K+NOnA) will get you there faster! 



Mass hierarchy 

From J. P. Athayde Marcondes de André talk: 

 

 

 

Combining tracks and cascades PINGU could reach 3 s in 1-4y 



Mass hierarchy 

From M. Blennow talk: 

 

 

 

Summary of future median significance for the MH 



Mass hierarchy 

From M. Blennow talk: 

 

 

 

Probability to reach 3 s level on MH 



Octant 

From M. M. Devi talk: 
 
 

1-2 s significance for the 
octant with INO. Waiting for a 
similar figure from PINGU and 
the combined sensitivity with 
T2K+NOnA+reactors 



Neutrinos and new physics 



Neutrinos and new physics 

Evidence of a non-zero 
neutrino magnetic moment 
would appear as a dramatic 
increase in the scattering 
rate for the lowest energy 
recoil electrons. 

From J. Link talk: 

 

 

 

Sensitivity as a 
function of recoil 
detection  
threshold  

Astrophysical Limit 

At LZ Xe DM detector. 100 days 
exposure to 5 MCi source.  Source 
located 1 m from the edge of 
fiducial volume (a cylinder 137.2 cm 
high × 137.2 cm in diameter) 



Neutrinos and new physics 

From O. Yasuda talk: 
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From O. Yasuda talk: 

 

 

 

Constraints on NSI 



Neutrinos and charged leptons 

From L. Merlo talk: 
 

Maybe the solution of the flavour puzzle comes from continous 
symmetries like the gauge symmetries in the SM 

Can explain simultaneously quark and neutrino patterns  

Can lead to signals in Charged Lepton Flavour Violation 
 
 

 

 



Neutrinos and charged leptons 

From M. Passera talk, lepton g-2: 
 
 
 

~3 s tension in m g-2 

between exp and th 

persists. Notice 
similar errorbars, 
challenge for th to 
keep up! 

Could be probed in the near future with e g-2. Independent 
determinations of a reaching comparable accuracy. Would 
imply a test of the QED to the 4 loop level! 



Neutrinos and charged leptons 

From P. Paradisi talks, lepton g-2: 
 
 
 

Also correlated with CLVF and electric dipole moments. 
Can also lead to ~10-3 NSI in the mt sector potentially testable 

through precise nm disappearance measurements.  
 

arXiv:1105.5936 



Steriles? 



Steriles? 

From F. An and Y. Wang talks, Daya Bay results: 

 

New constraints in e disappearance 

Reactor anomaly is still there 2.4 s 



Steriles? 

From A. Holin talk, MINOS/MINOS+ results: 

 

Tension between appearence 

channel anomalies and disapp 

constraints keeps increasing 

Constraints on sterile 
neutrinos 



Steriles? 

From U. Kose talk, OPERA results: 

 

 

 

Bounds on mt 
mixing via steriles. 

 

This is a very 
complementary 
channel. 



Steriles? 

From J. Caravaca talk, T2K results and prospects: 

 

 

 

1 10-1 10-2 

 

 

 



Steriles? 

From A. Ereditato talk: 

 



Steriles? 

From J. Link talk: 

 

 

 

Borexino with 51Cr or 144Ce source 

Large Xe DM detector (LZ) for 100 

Days exposure to 5MCi source. 



Steriles? 

From J. Spitz talk: 

 

 

 

IsoDAR capabilities to probe the reactor anomaly 



Steriles? 

From R. Bayes talk: 

 

 

 

NuSTORM and steriles 



New questions for Nufact 15 

 What are the new developments and predictions from 
flavour models on neutrino oscillation parameters? What 
precision do we need to achieve to probe them? Which 
parameters (or combinations of them) are more powerful to 
test them? 

 Do the current bounds on new physics in the neutrino 
sector (NSI, non-unitarity, steriles…) allow for effects large 
enough to interfere with CPV searches? Which experimental 
setups can improve these bounds? 

 Explore the synergy between neutrino oscillations and other 
experiments (absolute mass searches, cosmological 
constraints, CLFV) to constrain new physics. 



New questions for Nufact 15 

 Are atmospheric neutrino measurements competitive with 
next generation long baseline facilities in the determination of 
the mass hierarchy? And the octant of q23? How much 
complementarity is there between them? 

 What is the target for the systematic error budget of next 
generation facilities? What do we need to reach this level? 
How much improvement in constraining flux uncertainties can 
we expect from nuPRISM and dedicated hadron production 
efforts? 

 What is the best strategy to fully probe the LSND anomaly? 
And the reactor/gallium anomaly? 

 
 What can we say about the new Majorana mass scale 
implied by neutrino masses? What are the current bounds 
and how much will they improve over the next decade? 

 


