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Neutrine Mixing

_ 1. =¢€U,T flavor eiqenstates
Voo = Uil . ,
1 =1,2,3 mass eiqgenstates

Mixing Makrix (PNMS)
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0 € |0,2n] "CP” phase differences

(a, B) Two Majorana phases (unobservable with oscillations)



CGrlobal Analysis

To exptoi,& F’QYQMQ&Q? correlations we
anhalyze increasingly reach data sets

Lov\gmbasetme ace + constrain (6m?, 012 YD Am?, 023)D0:13
Solar + KamLAND some info on 623 ockant and §

add imdapemdem&, skrong

Shork-baseline reactors _
conskrainks on 0i3

further constraints
SK Atmospheric on (Am?, 623) and info
on 023 ocktank and §

[No real senmsitivity yet to hierarchy in any data set]



Global Analysis: Summarizing our present knowledge
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Current accuracy: No =/ Ax
Srn? RE& % b
Ay > 6 % O23 octant: currently unstable, fragile

SE«V\2612 5a4’ %
SE«V\2613 $¢2' %
5Pz V1o % Sce @ nbriguing pr@fammce for sindce =-1

hierarchy: negligible sensitivity

from single parameters to 2-parameter correlations —
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(013, 8) correlation

For the relatively “low” value sin*61370.02
preferred by Solar + KL data, appearance

v signal in T2K maximized by subleading
CP-odd term for sind < © [le., 1<6/m<2].
T2K neutrine appearance signal is consistent
with the woaxinum allowed bvj sin*01370.02
Besk fit for &/7 ~ 1.5, for both hierarchies

The weaker MINGS sighal Fr@fers stho » ©,
“out of phase” warkb. T2K, Fluctuation?

First Nova data might scon add new
interesting information!
Will NOVA be in phase with T2K or MINOS?



LBL Acc + Solar + KL + SBL Reactors
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LBL Acc + Solar + KL + SBL Reactors + SK Atm
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Another correlation F»Lo&: 5 vs 033, Note octank Lms&abiléﬁv.

Fubture conskrainks on 033z will imdireaﬂv improve hWinks on §
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Back to the "money plot™ 6§ vs 613
What can we expect from upcoming T2K antineutrine
appearance data if §=3/217 A exercise,

349 signal event e.xped:ed for 7.% x 102 P0.T. (PTEP 2018, 043C0o1),
Rescale for (presumably) “4.8 x 102° PLT — 2 signal events expected
for 0=3/27, otherwise more events,

LBL Acc + Solar + KL Ve
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d/m

o/m

2.O-IIIII:III IIII"IIIIIIIIIIIII-
15 1 3 -
10 - g .
0.5F ]
0.00 0.01 0.02 O.(2)3 0.04 0.05 0.06
sin 613

2.0

15K -
1.0 .
0.5 -

0.0
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Available daka with hypoth. observation of 2 T2K Ve events

(“minimum # of events”): 0=3/2T strengthened

[but: hierarchy difference still < 1 sigma]
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Available data without hypoth. observation of 2 T2K 7, events

LBL Acc + Solar + KL + SBL Reactors + SK Atm
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Higher # of appearance events in T2K

would weaken preference for §=3/2m
and enlarge allowed ranges

Hierarchy might remain undetermined
for quite some time, need new
dedicated projects (e.9., PINGU/ORCA
and IUNO/RENO-50)
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Hmramkfj deberminakion

Need precision studies of systematics that
could wealcen bhe sens&&iw',&v o Ehe H&erarakv

Two @.xampi.es: PINGU and JUNO
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Stat + syst (osc+norm) + resolution (scale,width) + polynomial + uncorrelated
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Conclusions

3v framework well established and oscillation parameters
measured ab few % level

CP phase § and 0Ozs still wnknown but some preference for
sind ~ -1 that could be strengthened bv T2K antineutrino
appearance i “minimum # of events” observed

Fubure consktrainks on 0z will Lhciéreaﬂfj Emprov& hWinks own §

Still no statistically significant information on Hierarchy from
available dakta. Mass Hierarchy might remain undetermined for
quite some time (need new experiment Like PINGU/ORCA and

JUNG/RENG-50)



