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The 3-Bavour paradigm

¥3 masses: m21, ! m2ai, mo |
neutrino

543 miXing ang|e§12" 13 23 N oscillations
33 phases( Dirac, 2 Majorana)

Meach parameter determined B
several(classes of) experiments

Mespecially true for not-so-well determined parametg
" 23, MO, Dirac-phask

Minterplay of different data sets global analyses
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NuFit4.0 (2018) M V.

|. Esteban, C. Gonzalez-Garcia, A. Hernandez, M. Malto#i, TS,
arxiv:1811.05487, JHEP 19

¥http://www.nu-fit.org

¥data available till Oct 2018 (incl. Neutrino 2018 releases)

MT2K:#

14.93e20 pot neutrino, 11.24e20 pot antineutrino

MNOVA: #
8.85e20 pot neutrino, 6.91e20 pot antineutrino

Mull list of data seét
http://www.nu-fit.org/sites/default/files/v40.release-notes.pdf

T. Schwetz @ Invisibles 2019, Valencia, Spain ﬂ(l'l'

Karlsruher Insttut for Technologie


http://www.nu-fit.org
http://www.nu-fit.org/sites/default/files/v40.release-notes.pdf

NuFit 4.0 (2018) N Vi

www.nu-fit.org

——— NO, 10 (w/o SK-atm)
—====: NO, 10 (with SK-atm) NUFIT 4.0 (2018) |
15 | T |_ _| 1T | T ‘\ T | LI |I | TTT T°7T1 | |_ _| T \|\ | 1T 17T | 1T Il' | T T |_
ol 1c 10 N
T 1t 1r .
i 1c 1r N
B I 1 1 | I 1 1 || | 11 1 | 1 ] _| L 11 | | | 11 | | | | |_ _| | | | | || | | | | | |_

0
0.018 0.02 0.022 0.024 0.026

1.2 0.25 0.3 0.35 0.4 6.5 7 7.5 8 8.5
.2 .2 w2 5 2
sin” !, sin" !, m,, [10 " eV']
TT T 7T TTTTT TYTTT T TTT,T T TT TTTT TY TT TTTT T TT TTTTTTTTI T TTy TT T TTTT]TT
15 Z_ / AN N\ [ 1] I I N I I ! I\‘ I i II ‘ I

I
U
1
1
I
1
1
[

0IIIII|IIIII| I|IIIII |IIII|IIII|IIII|I\ |IIII II|IIII|IIII|IIHII|IIII II|II

90 180 270 36004 045 05 055 06 065 -26 -25 -24 24 25 26

.2 2 -3 2 2
| " "
$ep sin” 1, my, [107 eV "mg

o

T. Schwetz @ Invisibles 2019, Valencia, Spain

Karlsruher Insttut for Technologie



ar 4 T 4 ; T T T
¥ % ] 7 5
% ] v/
3 3 ] 3l 4 3 ’ =
34 A 1 34 :
11— samino T aam 10 ] — easino ] :_—amm ‘:
:"'MJFfTHCI . NUAT 10 === NUFIT NO :-" NUFIT 10
B 1 Y s a ] q 1 M T P 1 | 1 ] nl 1 Ls, 1 ]
cU 05 1 1.5 05 1 1.5 &.Jl 0.015 0.2(,)2 0.025 0.03 0.01 0.015 0.32 0.025 0.03
d/n &/ sin"0,, sin‘8,
4 s T 4 — 7T T ™ ™
] T 7T ] T T T / T
] 4 ] 1 \ f
1 3 ] al- - 3F N -
1 2 E 22 1 2 .
o R Y . = asmino = L E
\U”Vl - - NUFIT NO |- -~ NUEIT 10
;;;;;;; | PR r 1 al 1, Lo L.
% 7 - 8 . 0~=%z "oz 0.3 0.4
3m? [10° eV?) sing,
4 4 4 " T
[ T T T T /. T ] [ T T T T \\_ Y / T
£ + \* Jf
£ | s
al- 4 3f e - 3l 4 3f N .
22 1 2 r 27 1 2 ]
= sasino 1 e = 1— BARINO . o 8ARIIC .
=== NJFIT NO ;--'NLFHD b :--- NUFIT NO d b~~~ NUFITIO
o 1 1 J oL 1 1 olol 1 1 il 1 1 1 1 1 1.
22 24 26 28 2. 24 26 28 03 04 05 06 07 03 04 05 06 07
Am? [10° eVF) AM?[10° eV sin%6,, sin0,,

Comparison of this 2019 partial update (“BARI”) with NuFIT 4.0 results (“NUFIT”)
[basically using the same relevant input data sets]

6T0Z ‘epeuelo ‘wnisodwAs uado NddS3 ‘IsiT°3

Agreement as good as it can be expected from independent phenom. analyses
[except perhaps for the “bimodal” -and relatively fragile- p.d.f. of sin20,, ]

no updated analysis from &Valencia fitO available yet [M. Tortola, private com.]
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NuFit 4.0 (2018)

NO, 10 (w/o SK-atm)
=====: NO, IO (with SK-atm)
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Solar parameters
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Yusing reconstructed
fluxes from Daya-Bay
In KamLAND analysis

¥ension between
solar and KamLAND

remains at ~2

Yrobust wrt to solar
models (abundances)

¥driven by spectrum
upturn and day/night
data from SK
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Atmospheric parameters

NUFIT 4.0 (2018)
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not-so-well determined S

¥preference for second octant dfzs, bf at sid" 23= 0.58¢
Sirt" 23 < 0.5 disfavoured with ! 2& 4.4 (6.0) without (with) SK atm

www.nu-fit.org

MNO preferred over 10 by! ! 2= 4.7 (9.3) without (with) SK atm

¥CP conservation allowed at! 2= 1.8, bf at = 217

NO, IO (w/o SK-atm)
T2--. NO.IO (with SK.atm) [ NUFIT 4.0 (2018) |
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LBL appearance data

following Elevant, Schwetz, 15 c'" 028
2
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Al I 2EV | 0.05 T2K
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Nobs ! Nbok 61.4 13.6 6.1 43.6 13.8

¥ Both neutrino and anti-neutrino events are enhanced by increasingss,.

¥ Values of sin"cp % +1 (# 1) suppress (increase) neutrino events, and have the oppc
site €' ect for anti-neutrino events.

¥ For NO (IO) neutrino events are enhanced (suppressed) due to the matter "eect,
whereas anti-neutrino events are suppressed (enhanced).

¥ For NO (10) the matter e " ect increases (decreases) the impact dtp for neutrinos,
while the opposite happens for anti-neutrinos.
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| >3 octant N impact of recent datalm

NUFIT 4.0 (2018)

NUFIT 3.0 (2016)
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¥changes driven by T2K and NOVA updates

¥2nd octant is good news for MO sensitivity of atm. and LBL experimen
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CP phase
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CP phase

CP conservation
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Leptonic CP violation

Jarlskog invariant:
J = |Im(U 1U""2U_-'{;1 U#z)l = 812C12$23C23$13C%3 sin! # JMaX gjn|

J&B" =0.0333+ 0.0006 & 0.0019) at 1$ (3%) ‘
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Leptonic CP violation

Jarlskog invariant:
J = |Im(U 1U""2U_-'{;1 U#z)l = 812C12$23023513C%3 sin! # JMaX gjn|

J&8* =0.0333+ 0.0006 & 0.0019) at 1$ (3$)‘ Jduatks = (3.18+ 0.15)# 10 °
PDG 2018
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Mass ordering
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Mass ordering
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Mass ordering

NUFIT 4.0 (2018)
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"o and" + disapp. complementariAnuute

Blennow, Schwetz, 1306.3988
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20 is in preparation
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Mass ordering - atmospheric
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Mass ordering - atmospheric iEuiinosy

Super-Kamiokande I-1V, 1710.09126
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Mass ordering incl. atmosphercS I
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Mass ordering - atmospheric iEuiinosy

Atmospheric Neutrino Oscillation Analysis With Improved Event
Reconstruction in Super-Kamiokande 1V, 1901.03230

10
1"#$%&'(()*+&,-./ - 1"#$%&' () *+&,-./
0123456&-6-7./2/8 8—— 0123456&-6-7./2/8
" 99%
6L 13 constrained
4 | o5% ]
(90% ___________
2_
| 68% /
| 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 0 | 1 1 \L | | / |
(2).3 0.4 0.5 0.6 0.7 0 2 4 6
in2
Sin 23 CcP

M 240y - ! 2oy = 2.45(compared to 4.3 from SK I-1V 2017)

Yeffective exposure 254 kt yr only 23% smaller (32% larger fiducial vatum
(compared to 328 kt yr of SK I-IV 2017)
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Absolute neutrino mass observabIesil

NUFIT 4.0 (2018)
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3 L 13 :
E: : 10 : E(D:I_O'2 = =
t T 1 1 F -
NO 10” NO E
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10 10° 107 10°
I'm. [eV] I'm. [eV]
cosmology
beta-decay endpoint neutrinoless double-beta decay
_ — 1 2
mi2 - i |Ugi|m52 Mee = | i Ueimil
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Absolute neutrino mass observabIesil

NUFIT 4.0 (2018)
L I | | | | L E | I | | | L I ]
i ) " GERDA, MAJORANA
......... KATRIN sens, 7 __ | _EXO, KamL-Z, CUORE
-1 1.1803.11100 Tab I
10 E =
_ 107F 1s | :
e [ 10 1 e10°F =
u T - - iy =
] + D ) N + £ -
T 5 W S
-3 —
| /NqB 2 10 32 E
10__|||| G? l |||||1|—_ G)I l |||||||:
10" 10° 10" 10°
Zm. [eV] Zm, [eV]

assumes standard 3-flavour & standard cosmology
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BO

Excluding inverted ordering With COSTOIO0NS

Hannestad, Schwetz, 1606.04691

585+ 0.48 meV (NO)

minimal values: | = (mg=0).

986+ 0.85meV (10)

IIIIA IO
11 T
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ol ¢

—

rr 1171717171717 17T 1T IIIIIIIIIIIIIII

Planck CMB + BAO +I—I0

Bayesian odds
NO:10 & 2:1
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Excluding inverted ordering With COSTOIO0NS

Hannestad, Schwetz, 1606.04691

minimal values: ! = o85+ 0.48meV (NO) (mg=0).
986+ 0.85meV (10)

IIIIAII rr 1171717171717 17T 1T IIIIIIIIIIIIIII

o
I} T

E_° & Planck CMB + BAO +I—|0
o)
pd

e!
—

Bayesian odds
NO:10 & 2:1

959 NS
cooa e by [ T B R R

0O 005 01 015 02 0250 0.02 0.04  0.06 0.0¢
I [eV] m, [eV]

aStrong evidenceO for NO claimeddmpson et al. 1703.03425
$ be aware of Bayesian prior$s$ et al. 1703.04585
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http://de.arxiv.org/abs/1703.03425
http://de.arxiv.org/abs/1703.04585

Excluding inverted ord_

Model A Model B
Parameter | I_Drlor | Range || Parameter | I.Drlor | Range Archidiacono, de Salas, Gariazzo, Men
linear | 0D 1 linear 0b1
mi/eV | Vg | 10 5 1| Migntest/&V | 700 105D 1 Ternes, Tortola, 1801.04946
ma/ eV "T:;r 1(;) EDll I m3,/ev? | linear 5! 10 °P10 4
mal eV "Toe;r 13 SDE)ll ' m3,)/ev? | linear | 15! 10 3 P3.5! 10 3
, evidence in favour of NO
strong | | | | | | | | | | | |
6} moderate ; i . . .
i I Yassuming a log prior in
5 A
| the 3 masses prefers
S 3 i
P P L BRI strongly NO (just
To2p g L) . .
1 | from oscillation data!)
: OSC+0350v
0 [0sc] Lﬂrl
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Excluding inverted orde_

Hannestad, Schwetz, 1606.04691

minimal values: ! = o85+ 0.48meV (NO) (mg=0).
98.6% 0.85meV (10)

simulated future data:

2 yrs of EUCLID data, available ~2023-24 ¥need accuracy better thi
AREsY Ry R e B S B s B 0.02 eV to exclude 0.1 e
EUCLID + Planck CMB against 0.06 eV ate

Ythis would imply a %
evidence for non-zero
neutrino masst

| 0.02I Ol.Oéll | IO.l()6I | IO.OE (for Sum - 006 eV)

- ! [eV]. . m, [eV]
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Summary - .

Yoctant of" 23
preference for second octant, bf at 8inz= 0.58

sir?" »3 < 0.5 disfavoured with ! 2& 4.4 (6.0) without (with) SK atm

¥mass orderingt
NO preferred by! ! 2=4.7 (9.3) without (with) SK at#h

SK significance goes down with &improvedO anlysis
global fit (incl. IceCube & JUNQO) may be the fastest track towards M(

¥CP phaset
CP conservation allowed at! 2= 1.8, bf at =217#

(slight tension between T2K and NOVA)

= T. Schwetz @ Invisibles 2019,Valencia, Spain ﬂ(l'l'
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Summary - .

Yoctant of" 23
preference for second octant, bf at 8inz= 0.58%

sir?" »3 < 0.5 disfavoured with ! 2& 4.4 (6.0) without (with) SK atm

¥mass orderingt
NO preferred by! ! 2= 4.7 (9.3) without (with) SK atih

SK significance goes down with &improvedO anlysis
global fit (incl. IceCube & JUNQO) may be the fastest track towards M(

¥CP phasé
CP conservation allowed at! 2= 1.8, bf at =217#

(slight tension between T2K and NOVA)

Thank you for your afteHtioR
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B5

NuFit 4.0 (2018) G

Vi)

www.nu-fit.org

Normal Ordering (best bt)

Inverted Ordering (! ! %> =4.7)

bfp + 1" 3" range bfp + 1" 3" range
sin? #, 0.310°% 53 0.275! 0.350 0.310°% 53 0.275! 0.350
thol 33.82/% %8 31.61! 36.27 33.82/% %2 31.61! 36.27
sin? #h3 0.580'% 551 0.418! 0.627 0.584% 555 0.423! 0.629
thal 49.6/%9 403! 524 49.8™9 406! 525
sin? #hs 0.02243%:59085  0.02045! 0.02439 | 0.02264%3%%¢  0.02068! 0.02463
€ | thal’ 8.61% 13 8.22! 8.99 8.65% 13 8.27! 9.03
©
5| Sepl” 2154 1251 392 2842, 196! 360
5
2 I m%; +0 .21 +0 .21
% 195 o2 7.39°%% 6.79! 801 7.39%% 6.79! 801
| 2
ﬁ +2.52509%3  +2.427! +2.625 | " 2512%%: " 2611!" 2412
Normal Ordering (best bt) Inverted Ordering (! ! 2 =9.3)
bfp + 1" 3" range bfp + 1" 3" range
sin? #, 0.310% 553 0.275! 0.350 0.310% 553 0.275! 0.350
thal 33.827% 18 31.61! 36.27 33.827% %2 31.62! 36.27
sin? #3 0.582%513 0.428! 0.624 0.582% 033 0.433! 0.623
thal 49.71%3 409! 522 49.71%3 412! 521
sin? #3 0.02240% 55082 0.02044! 0.02437 | 0.02263% o002 0.02067! 0.02461
% thal 8.61,% 12 8.22! 8.98 8.65/%, 12 8.27! 9.03
V. .
| $ep/ 21775 135! 366 280'%, 196! 351
e
E I m%; +0 .21 +0 .21
10507 7.39°%% 6.79! 801 7.39%% 6.79! 801
| 2
ﬁ +2.5250,9%3  4+2.431! +2.622 | " 2512053 " 2606!" 2413
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Monte Carlo simulatio
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NuFit 3.0, Esteban et al.,
1611.01514;
Elevant, TS, 1506.07685

T

Karlsruher Insttut for Technologie



Bayesian/frequen
comparison
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NuFit 2.0, Bergstrsm, Gonzalez-
Garcia, Maltoni, TS, 1507.04366
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MO sensitivity of exi

NOVA Simulation
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http://www-nova.fnal.gov/plots_and_figures/plots _and_figures.h
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http://www-nova.fnal.gov/plots_and_figures/plots_and_figures.html

B9

Mass ordering - atmospherEiEUNEEN

Atmospheric Neutrino Oscillation Analysis With Improved Event
Reconstruction in Super-Kamiokande 1V, 1901.03230

3= fiTQun Expanded FV 3 fiTQun Expanded FV
~ - fiTQun Conventional FV ~ B fiTQun Conventional FV
ESS 25l | APFit Conventional FV % 50 | APFit Conventional FV
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