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Neutrino Oscillation Data — circa 2017

Analysis includes increasingly rich oscillation data sets:

LBL Acc + Solar + KL
LBL Acc + Solar + KL + SBL Reactor
LBL Acc + Solar + KL + SBL Reactor + Atmosph.

x> metric adopted. Parameters not shown are marginalized away:

C.L.’s referto No = sz =1,2,3, ...

NO = Normal Ordering
IO =Inverted Ordering



Five known oscillation parameters:

LBL Acc + Solar + KamLAND + SBL Reactors + Atmos

Current 1o errors

Note: Am2= 1/6 30
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More on known oscillation parameters:

LBL Acc + Solar + KL + SBL Reactors

+ Atmos
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More on known oscillation parameters:

LBL Acc + Solar + KL + SBL Reactors + Atmos
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Three unknown oscillation parameters

0,5 octant

NOorlO




More on unknown oscillation parameters:

LBL+Sol+KL
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More on unknown oscillation parameters:

LBL+SoI+KL +SBL Reac
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More on unknown oscillation parameters:

LBL+SoI+KL +SBL Reac +Atmos
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Compare the current results (circa 2017) with...

LBL+SoI+KL +SBL Reac +Atmos

- ’ -
IIIIIIIIIIIII‘ll’IIII

0 05 1 15 2
o/m

023

octant
11 1 1 1 11 11 III: 1111 -I 111 I 1 11 I 111 ‘II:I 111 I-
03 04 05 06 07 03 04 05 06 07
sin2623 sin2623
Ay?
X +1.1 +1.1 +3.6

(10-NO)



... 1yr ago, 2016: trends were somewhat weaker

LBL+Sol+KL +SBL Reac +Atmos
4 :I TTT I TTT ILIINIIOI T i T T i T

T e 10
3 ARRRREEE R ]

0 05 1 15 2
d/m

623

octant

0
03 04 °é5 06 07
sin 623

Ax? 1.2 0.9 +1.0
(10-NO)



Current indication AY?, o = 3.6 from oscill. data starts to be interesting.
Useful to see the effect of excluding/including this offset in the analysis:

Oscillation parameters
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Two different ways of marginalizing over mass ordering(s) 2>



Apply a “Ay? cut” to SEPARATE minima in NO, 10....

parameter P

(does not include 10-NO offset information)
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...or minimize and expand over ANY ORDERING

parameter P

(includes 10-NO offset information)
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Oscillation parameters
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TABLE I: Results of the global 3v oscillation analysis, in terms of best-fit values for the mass-mixing parameters and associated no
ranges (n = 1, 2, 3), defined by x2 — xfnin = n? with respect to the separate minima in each mass ordering (NO, 10) and to the absolute
minimum in any ordering. (Note that the fit to the §m? and sin? 612 parameters is basically insensitive to the mass ordering.) We recall
that Am? is defined herein as m2 — (m? +m2)/2, and that § is taken in the (cyclic) interval § /7 € [0, 2].

Parameter Ordering Best fit 1o range 20 range 30 range
om?/107° eV? NO, IO, Any 7.37 7.21 — 7.54 7.07 - 7.73 6.93 — 7.96
sin? 012 /107! NO, IO, Any 2.97 2.81 - 3.14 2.65 - 3.34 2.50 — 3.54
|Am?|/1073 eV? NO 2.525 2.495 — 2.567 2.454 — 2.606 2.411 — 2.646
10 2.505 2.473 — 2.539 2.430 — 2.582 2.390 — 2.624
Any 2.525 2.495 — 2.567 2.454 — 2.606 2.411 — 2.646
sin? 613/1072 NO 2.15 2.08 — 2.22 1.99 - 2.31 1.90 — 2.40
10 2.16 2.07 - 2.24 1.98 - 2.33 1.90 — 2.42
Any 2.15 2.08 — 2.22 1.99 - 2.31 1.90 — 2.40
sin® a3 /107" NO 4.25 4.10 — 4.46 3.95 - 4.70 3.81 - 6.15
10 5.89 417 - 448 © 5.67 - 6.05 3.99 - 4.83 ¢ 5.33 - 6.21 3.84 - 6.36
Any 4.25 4.10 — 4.46 3.95 — 4.70 & 5.75 — 6.00 3.81 - 6.26
5/m NO 1.38 1.18 — 1.61 1.00 - 1.90 0-0.17 & 0.76 — 2
10 1.31 1.12 - 1.62 0.92 - 1.88 0-0.15@ 0.69 - 2

Any 1.38 1.18 - 1.61 1.00 - 1.90 0-0.17 & 0.76 — 2
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Effective Majorana Mass (DBD)

Mg (eV)
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Cosmological constraints (circa 2017) -

Analysis of various datasets within standard (6-param.) ACDM model augmented with 2
(plus one possible 1 extra parameter Ao, t0 account for syst’s or nonstandard effects)

Code: CosmoMC with NO / 10 options explicitly included in =, via the two mass? differences
= unphysical spectra of neutrino masses (e.g., 2 = 0) excluded by construction.
- expect small NO-IO differences at low X, but vanishing at high X (degenerate spectrum)



Cosmological constraints (circa 2017)

Analysis of various datasets within standard (6-param.) ACDM model augmented with 2
(plus one possible 1 extra parameter Ao, t0 account for syst’s or nonstandard effects)

22

Code: CosmoMC with NO / 10 options explicitly included in =, via the two mass? differences

= unphysical spectra of neutrino masses (e.g., 2 = 0) excluded by construction.
- expect small NO-IO differences at low X, but vanishing at high X (degenerate spectrum)

Results on X (upper bounds) and on A%, xo

TABLE II: Results of the global 3v analysis of cosmological data within the standard ACDM + ¥ and extended ACDM + ¥ 4+ Ajaps
models. The datasets refer to various combinations of the Planck power angular CMB temperature power spectrum (TT) plus polarization
power spectra (TE, EE), reionization optical depth THFI, lensing potential power spectrum (lensing), and BAO measurements. For each
of the 12 cases we report the 20 upper bounds on ¥ = my + mg + ms for NO and IO, together with the Ax? difference between the two
mass orderings (with one digit after decimal point). For any X, the masses m; are taken to obey the §m? and Am? constraints coming
from oscillation data. See the text for more details.

# Model Cosmological data set ¥ /eV (20), NO ¥ /eV (20), 10 Axio_no
1 ACDM + X Planck TT + Turi < 0.72 < 0.80 0.7
2 ACDM + X Planck TT + 7ur1 + lensing < 0.64 < 0.63 0.2
3 ACDM + X Planck TT + mur1 + BAO <0.21 <0.23 1.2
4 ACDM + X Planck TT, TE,EE + THFI < 0.44 <048 0.6
5 ACDM + X Planck TT, TE,EE + Tur1 + lensing <045 <047 0.3
6 ACDM + X Planck TT, TE,EE + Tur1 + BAO < 0.18 < 0.20 1.6
7 ACDM + X + Ajens Planck TT + Turi < 1.08 < 1.08 —0.1
8 ACDM + X + Ajens Planck TT + Tupr + lensing <0.91 < 0.93 0.0
9 ACDM 4 ¥ + Ajens Planck TT + mur1 + BAO < 0.45 < 0.46 0.2
10 ACDM + X + Ajens Planck TT, TE,EE + THFI < 1.04 < 1.03 0.0
11 ACDM + ¥ + Ajens Planck TT, TE,EE + Tur1 + lensing < 0.89 < 0.89 0.1
12 ACDM + X + Alens Planck TT, TE,EE + Tur1 + BAO < 0.31 < 0.32 0.3




X? profile for NO, 10 in representative cases
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Grand total: combination of oscillation + nonoscillation data
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Oscill. + Ovpp + Cosmo #10
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Oscill. + Ovpp + Cosmo #9
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Implications for 3-decay (weak cosmo bounds)
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Implications for 3-decay (strong cosmo bounds)
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Summary of 10-NO difference:

LBL+Sol+KL +SBL Reac +Atmos +DBD, Cosmo

Ax? +1.1 ® +1.1 ® +3.6 ® +3.6... +4.4
(10-NO)

Small steps in one direction: N.O. favored... Overall preference at 1.90 — 2.10

If these are not fluctuations, expect (fractional) improvements in upcoming years

TABLE III: Values of AXI2O—NO from the global analysis of oscillation and non oscillation data (numbered according to the adopted

cosmological datasets as in Table II), to be compared with the value 3.6 from oscillation data only [Eq. (9)]. An overall preference emerges
for NO, at the level of 1.9-2.1¢.

# 1 2 3 4 5 6 7 8 9 10 11 12
AxZ xo 4.3 3.8 4.4 4.2 3.9 4.4 3.6 3.7 3.8 3.7 3.8 3.9




SUMMARY:

Status of known 3v oscillation parameters:
Precision era, sinergies

Trends of unknown oscillation parameters:
favoring negative sino, nonmax 0,5, and NO

Status of constraints from Ovpp & Cosmology:

Cosmo analysis including NO, 10 mass spectra

Oscillation + nonoscillation global analysis:
corroborate NO; room for improvements
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Thank you for your attention




