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The precision era of neutrino oscillation physics

2012: all neutrino mixing angles are ñlargeò compared with the CKM matrix and we can observe 

sizable oscillations at distances and energies that can be produced on earth by particle accelerators  

and reactors

This statement (ñdiscovery of q13ò ï Breakthrough prize 2013) opened up the precision era of neutrino 

physics because artificial source offer an unprecedented control of the beam and mitigate 

systematics uncertainties well below any natural source (solar, atmospheric, supernova neutrinos). 
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A large value of q13 is the portal to precision physics because (in principle J ) a sufficiently powerful 

long baseline experiment might measure all  parameters  of  the lepton  Yukawa  sector  of  SM in  one 

shot  ï except for the size of the lightest mass eigenstate 



Best -in-class:  accelerator neutrino beams

«oscillation phase » It is O(1) for 

E= O(1 GeV) and L= O(500 km)

Cool, we can build experiment on Earth J

Year 2005

Must be <1. The larger the better. 

We know now that is 0.03 

The larger the better! It is O(1) in neutrinos! 

(it is tiny in quarks..)

Year 2003

Year 2012
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~0.1 

~1 
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NOvA

Å NOvA and T2K are complimentary since their different 

baselines allow the effects of mass hierarchy and CP violation 

to be distinguished.

Å Again, the detector mass and beam intensity is too small to

gain a 5sigma evidence for CP violation and for normal

(inverted) ordering (rationale for DUNE)

The two experiments are in mild 

tension on the asymmetry between 

neutrino and antineutrino 

appearance

Å NOvA is ideally suited for the measurement of

the mass ordering because the baseline is

long (L=810 km)



5

Joint T2K-NOvA analysis expected soon

(*) In addition, inverted order not

supported by SuperKamiokande

atmospheric data

J. Hartnell, Talk at Neutrino2022

(*) Projected sensitivity to mass ordering



The rationale of DUNE and Hyperkamiokande

To reap the ñlarge q13ò opportunity and address in a conclusive manner the missing parameters 

of the lepton Yukawa sector (mass ordering, q23 octant, and CP violation) we need experiments 

that increase by about one order of magnitude the sensitivity of T2K and NOnA.  

6

Hyperkamiokande

building upon the success of T2K  

Å Exploit the outstanding masses  that can 

be achieved by water Cherenkov detectors 

with an improvement of the JPARC 

neutrino beam

Å Exploit the outstanding sensitivity to CP 

given by the JPARC-Kamioka  baseline  

(295 km)

Å Enhance the physics reach of 

SuperKamiokande for atmospheric 

neutrinos (mass hierarchy!), solar, 

supernova neutrinos (SN) and proton 

decay   

DUNE

a leap over NOnA

Å Exploit a high-power, wide -band  neutrino  

beam  originating from the upgrade of the 

Fermilab accelerator complex

Å Exploit the outstanding resolution of liquid  

argon  TPCs

Å Exploit matter effects (1300 km baseline)  

to reach unprecedented sensitivity to mass 

hierarchy

Å Explore astrophysical channel that cannot 

be addressed by SuperK (flavor dependent 

SN neutrino interaction, Kn in proton decay, 

solar HEP neutrinos)
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HyperKamiokande
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Beam physics with HyperKamiokande
The HK beamline is optimal for the study of CP violation provided that mass hierarchy is known 

(either from other experiment ï T2K+NoVA, JUNO or from atmospheric  neutrinos  in  HK)


