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0[@@:&\ ques&oms A heubrine ‘kasws

- Dirac/Majorana hature of neubrinos
- Absolute masses

- CP violation

- Mass Ordering

- Sterile neubrinos

- Nowstantard inkeractions

The knowledge of mass-mixing oscillation parameters
can help to answer these questions

I bhis bolle — status of parameter determination from global

analyses with focus on O:3, § and mass ordering

Based on Bari group, Prog.Part.Nucl.Phys. 102 (201%) 4%-72



Precision era in neutrino oscillation phenomenoclogy

Standard 3v mass-mixing framework ?&rameﬁers
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To understand how bounds on the oscillation parameter arise it is
useful to look at their correlations and to consider the progressive
conbribution of different data sets:

(1) LBL acc + Solar + KamLAND

Solar + KL data provide the necessary input for (dm?, 812, but also
independent -although wealk- constraints on 81z, The data set (1)
Forcw&cles, bv itself, a measurement of 0.a.

(2) LBL acc + Solar + KamLAND + SBL Reactors

SBL reactors not only Frovide the wost accurate determination of 013
but also an independent determination of Am?

(3) LBL acc + Solar + KamLAND + SBL Reactors + A&mospheﬁ«:

Atmospheric neutrino data (SK + DeepCore) sensitive in different ways
to all the oscillation parameters via diSQFFQO\T&V\CQ and appearance
channels. Because of matter effects they depends on all parameters in
the 3v framework, but dominantly on (Am?, 623)



Mass Differences
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0.z ockank ambigui&v



023 octant ambigué&v
LBl + Solar + KL
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023 octant ambigué&v

LBL + Solar + KL + SBL.
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The octant ambiguity of 623 stays unresolved, but there
ls & weal preference for 6z » 7/4, especially for 10



023 octant ambigu&%v

LBL + Solar + KL + Sl + ATM
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The octant ambiguity of 623 stays unresolved, but there
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More pronounced preference for O2:>m/4
but both octants allowed at < 20.



0.z ockank ambigui&v

LB3L + Solar + KL + SBL + ATM
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SLight preferev\ce for 03¢ /4 n NO and ;3517 /4
in 10, but bobth octkants are allowed at 1o

The octant ambiguity of 623 stays unresolved, but there

is a weak preference for 6z » 7/4, especially for 10
More pronounced preference for O2:>m/4
but both octants allowed at < 20.

waauj, reto\&vetj Low umaev&a\m&j of ~8% oh sin20:3 (NOVA data in bebter agreement
with gquasi-maximal mixing). Maximal mixing allowed at less than 20 in both NG and
I0 (but Neutrino 201% NOVA analysis prefers again nonmaximal mixing)
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Cr Phase )

LBL + Solar + KL
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CP-conserving values 5={o,rt allowed at ~20 (30) in NO (I10). Clear
preference 8-37/2. 5-m/2 disfavoured ot more than 30




Ct phase )

LBL + Solar + KL + SBL
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Indications on 5-31/2 skrengthened. CP-conserving values disfavoured at »1.%50
i NG and > 30 in I0. Significant ranges excluded at > 30 i both NO and I0.
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LRL + Solar + KL + SBL + ATM
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CP-conserving values 5={o,rt allowed at ~20 (30) in NO (I10). Clear
preference 8-37/2. 5-m/2 disfavoured ot more than 30

Indications on 5-31/2 skrengthened. CP-conserving values disfavoured at »1.%50
i NG and > 30 in I0. Significant ranges excluded at > 30 i both NO and I0.

Preference for CP violation with sind<o confirmed, while C?
conservakion is disfavoured ot 190 for NO and »3.50 for I0.
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LRL + Solar + KL + SBL + ATM
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Indications on 5-31/2 skrengthened. CP-conserving values disfavoured at »1.%50
i NG and > 30 in I0. Significant ranges excluded at > 30 i both NO and I0.

Preference for CP violation with sind<o confirmed, while CP
conservation is disfavoured ot »190 for NO and »3.50 for I0.

“Effective” 10 accuracy of ~16% in NO and ~9% in I0. Rejection of the CP-conserving case
=0 at 30 in NGO, but not enough to exclude d=1 abt 20, Both cases excluded at 30 in 10



LBL Acc + Solar + KamLAND + SBL Reactors + Atmos
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Comparison of global analyses

Normal Ordering
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Comparison of global analyses
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10-18% “Determination” of &

CP Violation?

NO CPC10% GPC
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Mass Ordering: present situation
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LBL + Solar + KL (+ SBL) (+Akm)
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Other groups {cv\dnngs
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T2K - preference for NO
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NOVA - weak preference for
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at about 3 sigma level



http://www.nu-fit.org/

Correlations: (dmz, 912) Solar Neubrinos + KamLAND

We include the latest low-energy

Borexinoe and SK-iv doaba | 1o NO
20 sin%0,, = 0.02
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o
Slightly decrease of 012 and cf,:'
increase of dm2 for nownzero 0:s c,%

slight tension between the
preferred mass-mixing value
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Solar neubrino contours would be slightly different in 10, shifted Lleftwards with
d(sinz B12) = —0.02 ko compensate the slightly higher survival probability for 10 as
compared to NO. In combination with (mass-ordering insensitive) KamLAND data,
the overall shift of the best-fit mixing angle amounts to d(sin2 012) = —o.01
AXR = ©.0% in favor of 10 with respect to NO






Correlations: (013, 0:23)
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Correlations: (013, 023)

In LBRL accelerator 0;z and 0.z are awnkicorrelakted via appearance data
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Correlations: (013, 023)

In LBRL accelerator 0;z and 0.z are awnkicorrelakted via appearance data

Subleading effects sensitive to sign(Am?) generate a difference in the allowed 01z ranqges
for NO and 10, the Latter ones being generally higher. Ax? increases from 1.3 to 4.4
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Correlations: (013, 023)

In LBRL accelerator 0;z and 0.z are awnkicorrelakted via appearance data

Subleading effects sensitive to sign(Am?) generate a difference in the allowed 01z ranqges
for NO and 10, the Latter ones being generally higher. Ax? increases from 1.3 to 4.4

SBL reactor datba: 013 are more cownsiskent a NG Ehawn in 10
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Correlations: (013, 023)

In LBRL accelerator 0;z and 0.z are awnkicorrelakted via appearance data

Subleading effects sensitive to sign(Am?) generate a difference in the allowed 01z ranqges
for NO and 10, the Latter ones being generally higher. Ax? increases from 1.3 to 4.4

SBL reactor datba: 013 are more cownsiskent a NG Ehawn in 10

Atmospheric neutrine data do not improve 813 but sensitive
to the mass ordering. Ax? increment from 4.4 to 9.8
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Correlations: (013, 023)

In LBRL accelerator 0;z and 0.z are awnkicorrelakted via appearance data

Subleading effects sensitive to sign(Am?) generate a difference in the allowed 01z ranqges
for NO and 10, the Latter ones being generally higher. Ax? increases from 1.3 to 4.4

SBL reactor datba: 013 are more cownsiskent a NG Ehawn in 10

Atmospheric neutrine data do not improve 813 but sensitive
to the mass ordering. Ax? increment from 4.4 to 9.8
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Correlations: (013, 023)

In LBL accelerator 0:: and 0.z are ankicorrelaked via appearance data

Subleading effects sensitive to sign(Am?) generate a difference in the allowed 01z ranqges
for NO and 10, the Latter ones being generally higher. Ax? increases from 1.3 to 4.4

SBL reactor datba: 013 are more cownsiskent a NG Ehawn in 10

Atmospheric neutrine data do not improve 813 but sensitive
to the mass ordering. Ax? increment from 4.4 to 9.8
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Correlaktions: (Amz, 923)



Correlakions; (Amz, 0;3)
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Correlaktions: (Amz, 923)

Very good consistency of all the data on Am?, whose best-fit
value remains practically constant in the three upper panels.

LBL Acc + Solar + KL + SBL Reactors + Atmos

2.7IIII|IIII|IIII|IIII IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII

2.6

2.5

2.4

Am? [10° eV?]

2.3

LI I LI I LI I LI I |
1111 I 1111 I 1111 I 1111 I 1111
LI I LI I LI I LI I |
LI I LI I LI I LI I LI
1111 I 1111 I 1111 I 1111 I 1111
BuliapiO [ewlioN

2.2
2.7

2.6

2.5

AmM? [10° eV?]
IIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIII
BuliaplO paueAu|

2-2IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
0.3 0.4 0.5 0.6 0.7 0.3 0.4 0.5 0.6 0.7 0.3 0.4 0.5 0.6 0.7

) - 2 "2
Sin 623 sin 623 Sin 623



Correlaktions: (Amz, 923)

Very good consistency of all the data on Am?, whose best-fit
value remains practically constant in the three upper panels.

Az slightly increases in I0 after the addition of SBL reactor
data as consequence of the slight increment i sin20s
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Correlaktions: (Amz, 923)

Very good consistency of all the data on Am?, whose best-fit
value remains prac&iaattj constant in the three upper meets.

Az slightly increases in I0 after the addition of SBL reactor
data as consequence of the slight increment i sin20s

The small tncrease of Am? slightly worsen the agreement with IC-
DC data =» small contribution to Ax? (about one unilt) favoring NO
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Correlaktions: (Amz, 923)

Very good consistency of all the data on Am?, whose best-fit

value remains prae&iaatlj constant in the three upper Fmv\ei,s.

Az slightly increases in I0 after the addition of SBL reactor
data as consequence of the slight increment in sinz6:s

The small increase of Amz slightly worsen the agreement with 1C-
DC data =» small contribution to Ax? (about one unilt) favoring NO

In general, at nearly
maximal mixing one

gets the lowest allowed
values of Am?, while for
nonmaximal mixing (in
either octants) the preferred
values of Am? increases.
Correlation mainly from
disappearance data in LBL
where a decrease of the
leading oscillation
amplitude goverihed bfj sin?
2623 can be compensated by
o increase of the leading
oscillations phase

governed bj Arn?
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Correlations: (5, 013)



Correlakions: (5,

613)
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Correlations; (5, 013)

Strong correlations (in the left panels) mainly induced by the interplay between 3
and 613 tn the subleading terms of the appearance probability for LBL experiments
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Correlations; (5, 013)

Strong correlations (in the left panels) mainly induced by the interplay between 3
and 613 tn the subleading terms of the appearance probability for LBL experiments

In NO, the best fit of & remains very close to ~ 1.31 by adding
first SBL reactor and then atmospheric neutrino data
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Correlations; (5, 013)

Strong correlations (in the left panels) mainly induced by the interplay between 3
and 613 tn the subleading terms of the appearance probability for LBL experiments

Consistency of all
the datasets towards

the same best-fit

values of both the
AMZ, 923, 913 QMG’\. o)

In NG, the best fit of 5 remains very close to ~ 137 by adding
first SBL reactor and then atmospheric neutrino data
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Correlations; (5, 013)

Strong correlations (in the left panels) mainly induced by the interplay between 3

and 613 tn the subleading terms of the appearance probability for LBL experiments

Consistency of all
the datasels towards
the same best-fit
values of both the
Amz, 923, 913 QMG’\. o)

In 10 there is a
slight decrease of b
from left to middle
panels, correlated to
the decrease of 013,

In NG, the best fit of 5 remains very close to ~ 137 by adding

first SBL reactor and then atmospheric neutrino data
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Cownclusions

¢ Ranges of well-knhown 3v parameters (§m?,012) & (Am2,013)
confirmed by v2017-% data updates
o CPV: sind<o preferred
best fit: 6/m ~ 1.3-1.4 2 02 (lo)
§ ~ 0 () disfavoured ot 20 (30)

sind ~ +1 disfavoured okt » 40

e Octant info: 023 >m/2, bub still fragile

® Mass Ordering: I0 disfavored by oscillation data:
LLl+Sol+KL +SBL +ATM
Ax*(I0-NO) 1.3 44 98
(Nown oscillaktion data corroborate NG)

¢ Info from ongoing - near future exyerimam&s



