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‘The v evidence & path to BSM I

e In the SM only vy, o, a = e, p, 7

Gauge Invariance = Each Lepton Flavour « conserved = Total Lepton # Conserved
& v strictly massless
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‘The v evidence & path to BSM I

e In the SM only vy, o, a = e, p, 7

Gauge Invariance = Each Lepton Flavour « conserved = Total Lepton # Conserved
& v strictly massless

e We have observed with high (or good) precision:
* Atmospheric v, & v, disappear likely to v, ( SK, MINOS, IceCube, KM3NeT)
* Accel. v, & v, disappear at L ~ 300 /800 Km (K2K, T2K, MINOS, NOvA)
+ Some accel v, & v, appear as v, & v, at L ~ 300/800 Km ( T2K, MINOS, NOvA)
* Solar v, convert to v, /v, (Cl, Ga, SK, SNO, Borexino)

* Reactor 7, disappear at L ~ 200/60 Km ( KamLAND. JUNO (12/2025))
* Reactor v, disappear at L ~ 1 Km (D-Chooz, Daya Bay, Reno)

= L are violated = There 1s BSM Physics
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‘The v evidence & path to BSM I

e In the SM only vy, o, a = e, p, 7

Gauge Invariance = Each Lepton Flavour « conserved = Total Lepton # Conserved
& v strictly massless

e We have observed with high (or good) precision:
* Atmospheric v, & v, disappear likely to v, ( SK, MINOS, IceCube, KM3NeT)
* Accel. v, & v, disappear at L ~ 300 /800 Km (K2K, T2K, MINOS, NOvA)
+ Some accel v, & v, appear as v, & v, at L ~ 300/800 Km ( T2K, MINOS, NOvA)
* Solar v, convert to v, /v, (Cl, Ga, SK, SNO, Borexino)

* Reactor 7, disappear at L ~ 200/60 Km ( KamLAND. JUNO (12/2025))
* Reactor v, disappear at L ~ 1 Km (D-Chooz, Daya Bay, Reno)

= L are violated = There 1s BSM Physics

e The important question: What BSM? Talks by S Rabi, K Babu, M Schmidt

e The global analysis path:
Precise consistent determination of the low energy effective Lagrangian of such BSM
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‘ The New Minimal Standard Model |

e Minimal Extension to allow for LFV = give Mass to the Neutrino

* With SM fields: Use v§ is right-handed
L is violated = Majorana v = v°

L—Lgy = —%Myﬁug—kh.c. =
SU(2)y is violated = Effective LE

x Introduce v AND 1mpose L conservation

L — »CSM — —MDZVR — %M%l/g + h.c. — Dirac v # ¢
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‘ The New Minimal Standard Model |

e Minimal Extension to allow for LFV = give Mass to the Neutrino

* With SM fields: Use v§ is right-handed
L is violated = Majorana v = v°

L—Lgy = —%Myﬁug—kh.c. =
SU(2)y is violated = Effective LE

x Introduce v AND 1mpose L conservation

L — »CSM — —MDZVR — %M%l/g + h.c. — Dirac v # ¢

e Either way = Charged current interactions of massive leptons are not diagonal

— W Upp Oy Ly 4+ U Urry* L D?) + h.c.
J2 %:( LEP ¢ CkM Y 7 )
FOI‘ N — 3 ‘|‘ S V/S: ULEP: 3 X N ULEPUEEP — I3><3 UITJEPULEP # INxN

e Either way = Lepton flavours not conserved in v propagation
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‘ The New Minimal Standard Model: v~ flavour oscillations |

e In vacuum:

J7Fi J7i

Ay = (m? — m?) ﬁ = No information on v mass scale nor Majorana/Dirac

e When osc between 2-v dominates: P,.g = sin? (20) sin? (Am2 %)

= No information on Mass Ordering (= sign(Am?)) nor octant of § nor CPV
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‘ The New Minimal Standard Model: v~ flavour oscillations |

e In vacuum:

J7Fi J7i

Ay = (m? — m?) ﬁ = No information on v mass scale nor Majorana/Dirac

e When osc between 2-v dominates: P,.g = sin? (20) sin? (Am2 %)

= No information on Mass Ordering (= sign(Am?)) nor octant of § nor CPV

. 1% 1% v (&
e If v cross matter regions (Sun, Earth...)
it interacts coherently Z W
Different flavours have different interactior
e, N Ve,s Vi, Voo e, N € only v, v

= Effective potential in v, evolution: V. # V,, , = AV"s = ~AV" = /2GrN,
= Modification of mixing angle and oscillation wavelength (MSW)

= Solar v/ s: 2v-dominant dependence on 6 octant

= LBL & ATM v

(e)» Yu(e): Dependence on sign(Am?)
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e For for 3 v’s : 3 Mixing angles + 1 Dirac Phase + 2 Majorana Phases

1 0O O C13 0 313€—i5cp c12 S12 0 M 000
ULgp = |0 ca23 s93 0 1 0 —S19 ¢c12 0O 0 'm2(
0 —s23 c23 _813ei5cp 0 C13 0O 01 J 0 1

e Convention: 0 < 6;; <90° 0 <4 < 360° =2 Mass Orderings (MO)

NORMAL INVERTED

2
N A2 — Amz, > 0 for NO
g 3¢ 2
- -~ Amz, < 0 for 10
CEI m;, v mMs
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e For for 3 v’s : 3 Mixing angles + 1 Dirac Phase + 2 Majorana Phases

1 0O O C13 0 313€—i5cp c12 S12 0 M 000
ULgp = |0 ca23 s93 0 1 0 —S19 ¢c12 0O 0 'm2(
0 —s23 c23 _813ei5cp 0 C13 0O 01 J 0 1

e Convention: 0 < 6;; <90° 0 <4 < 360° =2 Mass Orderings (MO)

NORMAL INVERTED

me o1 Ic;;? Am?Z, > 0 by convention
N ) Am3, > 0 for NO
= Am3, =

R . Am3, < 0 for IO
CEI m \4 ms

Experiment 2v dominant  3v effects 3v synergies
Solar Experiments 012, Am%l 013

Reactor LBL (KamLAND/JUNO) 012, Am3, 6015, MO

Reactor MBL (Daya Bay, Reno, D-Chooz) 613, |Am3,| 612, Am3,

Atmospheric Experiments (SK,IC) 03, Am% / 013, 0cp, MO MO
Acc LBL v, Disapp Minos, T2K,NOvVA)  6o3, |[Am3,| 612, Am3,

Acc LBL v, App (Minos, T2K,NOvA) 013, Am% ’ Ocp> MO, 023
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We perform an updated global analysis of the known and unknown parameters of the standard three-
neutrino (3v) framework, using data available at the beginning of 2025. The known oscillation parameters
include three mixing angles (6,5, 63, 6,3) and two squared mass gaps, chosen as dm® = m3 — m} > 0 and
Am? = m} =1 (m} + m3), where the discrete parameter a = sign(Am?) distinguishes normal ordering
(NO, a=-+1) from inverted ordering (10, @ = ~1). With respect to our previous 2021 update, the

of reactor, and a ic neutrino data leads to appreciably reduced
uncertainties for 63, 6,5, and |Am?|. In particular, |Am?| is the first 3v parameter to enter the domain
of subpercent precision (0.8% at 15). We underline some issues about common systematics in combined
fits that might affect (and possibly weaken) this error estimate. Concerning oscillation unknowns, we find a
relatively weak preference for NO versus IO (at 2.26), for CP violation versus conservation in NO (1.36),
and for the first 6,3 octant versus the second in NO (1.16). We discuss the current status and qualitative

prospects of the mass ordering hint in the planc charted by the mass parameters (m?, Am2,), where
Am2, = |Am?| + La(cos0,, — sin6;,)om?, 1o be jointly measured by the JUNO experiment with
subpercent precision. We also discuss upper bounds on nonoscillation observables, including the effective
v, mass my in f decay, the effective Majorana mass iy, in 036 decay, and the sum of neutrino masses £ in
cosmology. We adopt 1 < 0.50 ¢V (26) from current *H data and report my, < 0.086 eV (20) from a
combined "Ge, '®Te, and '**Xe data analysis, accounting for parametrized nuclear matrix element
covariances. Concerning X, current results show tensions within the standard A cold dark matter (\CDM)

cosmological model, pulling X toward unphysical values and possible model We
discuss repre\en[dme combinations of data, with or without augmenting the ACDM model with extra
for possible (lensing anomaly) or new physics (dynamical dark energy).

The resulting 2 upper limits are roughly spread around the bound £ < 0.2 eV within a factor of 3 (both
up- and downward), with different implications for NO and IO scenarios. Bounds from oscillation and
nonoscillation data are also discussed in the planes charted by pairs of (1, my, £) parameters.

DOL: 10.1103/PhysRevD.111.093006

L INTRODUCTION

the standard three-neutrino (3v) framework, where the

Results from solar, atmospheric, accelerator, and
reactor neutrino oscillation experiments have established

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.
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neutrino states (v, v,,v;) with definite flavor are mixed
with neutrino states (vy,z5.v3) with definite masses
(my.my, ms) via a unitary mixing matrix U,; [1,2]. The
current pillars of the 3v framework are represented by
multiple measurements of five parameters: three mixing
angles 0;; (0,2, 0}3,023) governing oscillation amplitudes
and two independent squared mass differences governing
oscillation frequencies, which we choose as dm> = m3 —
m} >0 and Am® = m3—%(m}+m3). Each of these

Published by the American Physical Society
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ABSTRACT: We present an updated global fit of neutrino oscillation data in the simplest
three-neutrino framework. In the present study we include up-to-date analyses from a
number of experiments. Concerning the atmospheric and solar sectors, besides the data
considered previously, we give updated analyses of IceCube DeepCore and Sudbury Neu-
trino Observatory data, respectively. We have also included the latest electron antineutrino
data collected by the Daya Bay and RENO reactor experiments, and the long-baseline T2K
and NOvA measurements, as reported in the Neutrino 2020 conference. All in all, these
new analyses result in more accurate measurements of 013, 012, Am3; and [Am3;|. The
best fit value for the atmospheric angle 23 lies in the second octant, but first octant solu-
tions remain allowed at ~ 2.40. Regarding CP violation measurements, the preferred value
of 0 we obtain is 1.087 (1.587) for normal (inverted) neutrino mass ordering. The global
analysis still prefers normal neutrino mass ordering with 2.5¢0 statistical significance. This
Th
should be regarded as robust due to the agreement found between our Ba

preference is milder than the one found in previous global analy new results

resian and fre-

quentist approaches. Taking into account only oscillation data, there is a weak/moderate

OPEN ACCESs, (© The Authors.
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ABSTRACT: We present an updated global analysis of neutrino oscillation data as of September
2024. The parameters 612, 613, Am%l, E (¢ = 1,2) are well-determined with relative
precision at 30 of about 13%, 8%, 15%, and 6%, respectively. The third mixing angle 53 still

suffers from the octant ambiguity, with no clear indication of whether it is larger or smaller
than 45°. The determination of the leptonic CP phase dcp depends on the neutrino mass
ordering: for normal ordering the global fit is consistent with CP conservation within 1o,
whereas for inverted ordering CP-violating values of dcp around 270° are favored against CP
conservation at more than 3.60. While the present data has in principle 2.5-30 sensitivity to
the neutrino mass ordering, there are different tendencies in the global data that reduce the
discrimination power: T2K and NOvA appearance data individually favor normal ordering,
but they are more consistent with each other for inverted ordering. Conversely, the joint
determination of |Am3,| from global disappearance data prefers normal ordering. Altogether,

OPEN AccEss, © The Authors.

Avtisle funded by SCOAPS https://doi.org/10.1007/JHEP12(2024)216
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We perform an updated global analysis of the known and unknown parameters of the standard three-
neutrino (3v) framework, using data available at the beginning of 2025. The known oscillation parameters
include three mixing angles (6,5, 63, 6,3) and two squared mass gaps, chosen as dm® = m3 — m} > 0 and
Am? = m} =L (m} + m3), where the discrete parameter a = sign(Am?) distinguishes normal ordering
(NO, a = +1) from inverted ordering (10, a = —1). With respect to our previous 2021 update, the

jon of reactor, and 3 ic neutrino data leads to appreciably reduced
uncertainties for 653, 63, and |Am?|. In particular, |Am?| is the first 3v parameter to enter the domain
of subpercent precision (0.8% at 15). We underline some issues about common systematics in combined
fits that might affect (and possibly weaken) this error estimate. Concerning oscillation unknowns, we find a
relatively weak preference for NO versus IO (at 2.26), for CP violation versus conservation in NO (1.36),
and for the first 6,3 octant versus the second in NO (1.16). We discuss the current status and qualitative
prospects of the mass ordering hint in the plane charted by the mass parameters (5m?, Am2,), where
Am2, = |Am?| + La(cos20), — sin0;,)5m?, to be joindy measured by the JUNO experiment with
subpercent precision. We also discuss upper bounds on nonoscillation observables, including the effective
v, mass my in f decay, the effective Majorana mass m;; in O3 decay, and the sum of neutrino masses £ in
cosmology. We adopt 1 < 0.50 eV (26) from current *H data and report myy, < 0.086 eV (20) from a
combined "Ge, '*’Te, and '*Xe data analysis, accounting for parametrized nuclear matrix element
covariances. Concerning X, current results show tensions within the standard A cold dark matter (ACDM)

cosmological model, pulling X toward unphysical values and possible model We
discuss representative combinations of data, with or without augmenting the ACDM model with extra
: for possible (lensing anomaly) or new physics (dynamical dark energy).

The resulting 2 upper limits are roughly spread around the bound £ < 0.2 eV within a factor of 3 (both
up- and downward), with different implications for NO and IO scenarios. Bounds from oscillation and
nonoscillation data are also discussed in the planes charted by pairs of (1, my, £) parameters.

DOL: 10.1103/PhysRevD.111.093006
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ABSTRACT: We present an updated global fit of neutrino oscillation data in the simplest
three-neutrino framework. In the present study we include up-to-date analyses from a
number of experiments. Concerning the atmospheric and solar sectors, besides the data
considered previously, we give updated analyses of IceCube DeepCore and Sudbury Neu-
trino Observatory data, respectively. We have also included the latest electron antineutrino
data collected by the Daya Bay and RENO reactor experiments, and the long-baseline T2K
and NOvA measurements, as reported in the Neutrino 2020 conference. All in all, these
new analyses result in more accurate measurements of 013, 012, Am3; and [Am3;|. The
best fit value for the atmospheric angle 23 lies in the second octant, but first octant solu-
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ABSTRACT: We present an updated global analysis of neutrino oscillation data as of September
2024. The parameters 612, 613, Am3;, and |[Am3,| (£ = 1,2) are well-determined with relative
precision at 30 of about 13%, 8%, 15%, and 6%, respectively. The third mixing angle 653 still
suffers from the octant ambiguity, with no clear indication of whether it is larger or smaller
than 45°. The determination of the leptonic CP phase dcp depends on the neutrino mass
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the standard  three-neutrino (3v) framework, where the tions remain allowed at ~ 2.40. Regarding CP violation measurements, the preferred value
neutrino states (v, v,,v;) with definite flavor are mixed

with neutrino states (24.v5.25) with definite masses of § we obtain is 1.087 (1.587) for normal (inverted) neutrino mass ordering. The global
(my,my,m3) via a unitary mixing matrix U [1.2]. The analysis still prefers normal neutrino mass ordering with 2.5¢ statistical significance. This
current pillars of the 3v framework are represented by preference is milder than the one found in previous global analyses. Thes
multiple measurements of five parameters: three mixing
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and DOL. Funded by SCOAP’. m} >0 and Am® = m3—%(m}+m3). Each of these

. . ordering: for normal ordering the global fit is consistent with CP conservation within 1o,
Results from solar, atmospheric, accelerator, and . R A R R . .
reactor neutrino oscillation experiments have established whereas for inverted ordering CP-violating values of dcp around 270° are favored against CP

conservation at more than 3.60. While the present data has in principle 2.5-30 sensitivity to
new results

the neutrino mass ordering, there are different tendencies in the global data that reduce the

should be regarded as robust due to the agreement found between our Bayesian and fre-

. b Takine i I dlation d b ) X d discrimination power: T2K and NOvA appearance data individually favor normal ordering,
quentist approaches. Taking into account only oscillation data, there is a weak /moderate but they are more consistent with each other for inverted ordering. Conversely, the joint

determination of |Am3,| from global disappearance data prefers normal ordering. Altogether,
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2020 global reassessment of the neutrino oscillation
picture

Concha Gonzalez-Garcia 6-b

NuFit-6.0: updated global analysis of three-flavor
neutrino oscillations
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4 3 flavor analyses have always displayed consistency
I are still crucial after so many years
1 will continue to be so after JUNO, HyperK, DUNE

y Brook,

edu,

s of September

“| Talk at NOW24

d with relative

angle a3 still
rger or smaller
neutrino mass

T INTRODUCTION TNC_Standard Mrec-neutimo . (30) TTamework,  where e
neutrino states (v,,v,,v;) with definite flavor are mixed
with neutrino states (vy.v5.v3) with definite masses
(my.msy. ms) via a unitary mixing matrix U, [1.2]. The
current pillars of the 3v framework are represented by
multiple measurements of five parameters: three mixing

Results from solar, atmospheric, accelerator, and
reactor neutrino oscillation experiments have established
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the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOL. Funded by SCOAP”.
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angles 0;; (0)3,0,3,60,3) governing oscillation amplitudes
and two independent squared mass differences governing
os

m}>0 and Am? =m}—3(m}+m}). Each of these

cillation frequencies, which we choose as om? = m3 —

Published by the American Physical Society

tions remain allowed at ~ 2.40. Regarding CP violation measurements, the preferred value
of § we obtain is 1.087 (1.587) for normal (inverted) neutrino mass ordering. The global

analy till prefers normal neutrino mass ordering with 2.50 statistical significance. This
Th

should be regarded as robust due to the agreement found between our Ba

preference is milder than the one found in previous global analy

quentist approaches. Taking into account only oscillation data, there is a weak/moderate

OPEN ACCESs, (© The Authors.

Asticlo funded by SCOAB®, https://doi.org/10.1007/JHEP02(2021)071

ordering: for normal ordering the global fit is consistent with CP conservation within 1o,
whereas for inverted ordering CP-violating values of dcp around 270° are favored against CP
conservation at more than 3.60. While the present data has in principle 2.5-30 sensitivity to
the neutrino mass ordering, there are different tendencies in the global data that reduce the
discrimination power: T2K and NOvA appearance data individually favor normal ordering,
but they are more consistent with each other for inverted ordering. Conversely, the joint
determination of \Amm from global disappearance data prefers normal ordering. Altogether,

OPEN ACCESs, © The Authors.

Article funded by SCOAP? https://doi.org/10.1007/JHEP12(2024)216
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‘ Data tO be Descrlbed I Concha Gonzalez-Garcia 8

Solar experiments Atmospheric experiments
e Chlorine total rate, 1 data point. e IceCube/DeepCore 2023 8-years,200 points.
* Gallex & GNO total rates, 2 points. e IceCube/DeepCore 2024 9.3-years (x? map provided).

SAGE total rate, 1 data point.
SK1 E and zenith spect, 44 poins. lceCube/DeenCore 112

: . . ceCube/DeepCore 11.2-years
SK2 E and D/N spect, 33 points. NOT INCLUDED.{ KM3NeT/ORCA 510 days
SK3 E and D/N spect, 42 points.

SK4 2970-day E spectrum and D/N asym, 46 points. Accelerator experiments

SNO combined analysis, 7 points. e MINOS 10.71 x 102° pot v,,-disapp data, 39 poins.

Borex%no Ph-I 740.7—day.10W—E spect 33 p.omts. « MINOS 3.36 x 1020 pot 5,,-disapp data , 14 points.
Borexino Ph-I 246-day high-E spect ,6 points. .
e MINOS 10.6 x 1029 pot v.-app data , 5 points.

Borexino Ph-II 1292-day low-E spect, 192 points. 20 B .
Borexino Ph-III 1433-day low-E spect, 120 points. * MINOS 3.3 x 107" pot Ve-app data , 5 points.
e T2K 21.4 x 1029 pot v,,-disapp data, 28 points.

« SK I-V 484 kton-years( x2 map provided ).

Reactor CXp ermments e T2K 21.4 x 1029 pot ve-app data, 9 points CCQE and 7
« KamLAND DS1,DS2&DS3 spectra points CCl .
with Daya-Bay fluxes 69 points « T2K 16.3 x 1029 pot ,-disapp, 19 points.

DChooz FD/ND ratios with 1276-day (FD)

. 20 _ :
and 587-day (ND) exposures , 26 points. T2K 16.3 x 10“% pot ve-app, 9 points.

. 20 I :
Daya-Bay 3158-day EH1,2,3 spectra ,78 points. NOvA 26.6 x 107" pot v, -disapp data , 21 points.
Reno 300-day FD/ND ratios 45 points. « NOvA 26.6 x 102° pot ve-app data , 15 points.
SNO+ 1.45 Kt-ur spectrum DSI & 11, 46 points e NOvA 12.5 x 1020 pot vy,-disapp, 18 points.

JUNO 59.1-day spectrum, 66 data points « NOvA 12.5 x 1029 pot &,-app, 13 points.
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Global 3 v Flavour Parameters: Spring 2026

Global 6-parameter fit http://www.nu-fit.org

Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2410.05480,2601.09791
(In last years good agreement with results from Bari and Valencia groups)

NO, IO (IC23 w/o SK-atm)

| NUFIT 6.1 (2025) | 1C23 =

Our analysis of Icecube
data from 2304.12236

15

10

Ax2
L I |
N B AN RN AR R A |
L L B B |
TR B AR B R R
LN N Y N B
IR B R B R R B

0 I|III| I|III|I_ III|III II|III|I _|IIII| I|IIII|IIII|IIII

0.28 0.3 0.32 0.34 0.018 0.02 0.022 0.024 0.026 04 045 05 055 06 065
sin2 912 sin2 913 sin2 623

15

-
S
IIII|IIII|IIII|

0|III|III|I III|III|I Illlllllllllllliilllllll II|II IIIII|IIIII|\III|IIIII_
7 72 74 76 78 8 26 25 24 24 25 26 0 90 180 270 360

2 -5 2 2 -3 2 2
Am;, [107 eV7] Amz, [107eV] Amg, Ocp
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‘Global 3 v Flavour Parameters: Spring 2026 I

Global 6-parameter fit http://www.nu-fit.org
Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2410.05480,2601.09791

(In last years good agreement with results from Bari and Valencia groups)

NO, IO (IC23 w/o SK-atm)
===== NO. IO (IC24 with SK-atm) |_NUFIT 6.1 (20

25) | IC23 = Our analysis of Icecube

15 _I | T \‘I T | T T 1 | T I’ | I_ _I T T AL | LI | Il T T I_ _l T _
- 1t / 1t : data from 2304.12236
10 1k 1k 1 SK-atm = y* table from SK1-5
C\l>< B 1LC 1LC ]
< L 4L 4L i
s 1t 1t 1 IC24 = * table from Icecube
data from 2405.02163
0 i | | | | | | | | | | | 1L 111 | 11 1 1 1 | 11 1 | | ] _l 1111 | | | 111 I\|JI 111 | 111 I_
0.28 0.3 0.32 0.34 0.018 0.02 0.022 0.024 0026 04 045 05 055 06 065
sin’ 0, sin® 0,5 sin’ 0,4
15 _l T T |\\| T T | T TT | T TT |II| T | I_ _II | T Il‘l T | TT I'I | TT !! TT | nroT | TTT |'1 II_
10p- 1F ii /|
B 1¢ i il
51 1F ii =
0 _l 111 | 111 | | 111 | 111 | I_ _I | | 1111 | 1111 | 11 ii 11 | 1111 11 | | I_ | I | | I | \ | I/ | | | I_

7 72 74 76 78 26 25 24 24 25 26 0 90 180 270 360
2 -5 2 2 -3 2 2
Am;, [107 eV7] Amz, [107eV] Amg, Ocp

(04}
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‘Global 3 v Flavour Parameters: Spring 2026 I

Global 6-parameter fit http://www.nu-fit.org
Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2410.05480,2601.09791

4 well-known parameters:

2 2
. gup_glow 012, 613, Amyy, [Amsz,|
NO, 10 (IC23 w/o SK-atm) ~ Preci1S10n 3% —30 5
===== NO, IO (IC24 with SK-atm) T
T | rir T | T T 1 | Ile | Iarn T 11 T | LI | rpr T | T T Am21 SOlar VS ReaCtorS
e /i g 7 . . .
[ 1t / 1t 1 Time varing Tension
o 1r 1L .
C\lé< B 1L _/_ i
i 1k 1t ]
o n “ //_— §
[ | | 012 2.5% | 6)1/3{7(% | N
0 I0.28I | I0.3 I0.32 0.34 0.018 I0.02I | (I).022 0.074 0026 /0.4 045 05 055 06 065
sin’ 0, sin” @ sin’ 0,4
15__' T T |\\\I T T | T TT | T TT |III T |I__ __Illlll‘llllllllll iillllllllll I:1II__ T T I’_I\l T T T TT | LI T TT I,’ll
N 1 : 1 1
of 1F -
o [ ) 10 j 1]
< F 7F i i
s 6/ : I R
B 2.6% 1[ |Am3,| 1.9% )
0_|III|III|I III|III|I_ _II|IIII|IIIIIIIIIIIIIIIII\I_'/IIIIIIIIlllllllllll\II/I|IIIII_
7 72 74 76 78 8 26 25 24 24 25 26 0 90 180 270 360

2 -5 2 2 -3 2 2
Am;, [107 eV7] Amz, [107eV] Amg, Ocp
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‘Global 3 v Flavour Parameters: Spring 2026 I

Global 6-parameter fit http://www.nu-fit.org

Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2410.05480,2601.09791
e 4 well-known parameters:

2 2
012, 013, Ams,, |Am3,|

NuFIT 6.1 (2025
UFIT612029) | A2, Solar vs Reactors

NO, IO (IC23 w/o SK-atm)
===== NO, IO (IC24 with SK-atm)

I|I\II|III|I’ |I T T T

\II|III|III
1

15 |- \ -+ — —
[ 1t ] 1 Time varing Tension
10 H4F - - » -3: Least known angle
C\l>< B 1LC ] p
o 1t ] 1 Maximal? Octant?
5 — — - — —
] 1t 1t { non-robust yet
_I | | | | | | | | | I_ _I 1 1 | 11 1 1 1 | 11 1 | I_ _l 111 I| I|IIII\|JI 111 | 111 I_
0 0.28 0.3 0.32 0.34 0.018 0.02 0022 0024 0026 04 045 05 055 06 065
sin’ 0, sin® 0,5 sin’ 0,4
15 _l T T |\\I T T | T TT | T TT |III T | I_ _II | T Il‘l T | TT I'I | TT !! TT | nroT | TTT Il1 II_ T T I,I\l T T TTT | LI T TT I’II
of 1F 1
T or 1t ii il
51 1F ii =
0 _l 111 | 111 | | 111 | 111 | I_ _I | | 1111 | 1111 | 11 ii 11 | 1111 11 | | I_ | I | | I | \ | I/ | | | I_
7 72 74 76 78 8 26 25 24 24 25 26 0 90 180 270 360

2 -5 2 2 -3 2 2
Am;, [107 eV7] Amz, [107eV] Amg, Ocp
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‘Global 3 v Flavour Parameters: Spring 2026 I

Global 6-parameter fit http://www.nu-fit.org

Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2410.05480,2601.09791
e 4 well-known parameters:

2 2
NO, 10 (IC23 w/o SK-atm) 912’ 913’ Am?l’ A7713£|
> w/0 -atm
===== NO, IO (IC24 with SK-atm) NUFIT 6.1 (2025) | Amgl Solar vs Reactors

I|I\II|III|I’ \II|III|III |IIII|IIII|III'I|III
1

15 |- \ - - - H ol
[ 1t 10 1 Time varing Tension
10 H4F H4F - » -3: Least known angle
C\l>< B 1LC 1LC p
Tor 1t 1t 1 Maximal? Octant?
5_ R B R B —
] 1t 1t { non-robust yet
_I | 1 1 1 | 1 | 1 1 1 | I_ _I 1 1 | 111 1 1 | 111 | I_ _l 111 I| I|IIII\|JI 111 | 111 I_ .
0 0.28 0.3 0.32 0.34 0.018 0.02 0.0222 0.024 0.026 04 045 0.52 0.55 06 0.6 g Orderlng NO or IO?
sin” 0, sin” 8, sin” B, /
CPV?Y:
15_' T T |\\I T T | T TT | T TT |III ||I_ _I T /
10} sl
G 1t
s sl
0_| 111 | 111 |I III|III|I_ _II|IIII|IIIlllliilllllll II|II Illllllllll\ II/I | L 111 I_
7 72 74 76 7.8 8 26 25 -24 24 25 26 0 90 180 270 360

2 -5 2 2 -3 2 2
Am;, [107 eV7] Amz, [107eV] Amg, dcp



Solar

e From average vac. osc. (E < 1 MeV)
to adiabatic matter transitions (£ 2> 4 MeV)

= 019 < 45°
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S)]
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e Solar region determined by SK and SNO

Am3, [107° eV?)

‘3 | V4 AnalySiS: “12” Sector IaGonzalez—Garcia

Reactors LBL

e Effectively vacuum oscillations
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‘3 | V4 AnalySiS: “12” Sector [}onzaleZ-Garcia 14-a

Solar Reactors LBL
e From average vac. osc. (E < 1 MeV) e Effectively vacuum oscillations
to adiabatic matter transitions (£ 2> 4 MeV) e
= 912 < 45° ot ’ : iggg% 7
2T ' B KanlAND |
-~ 15 o%
20 g
Ng& Naa
5 <
0
20 NN SR I AL I
SK+SNO  sin’6,, = 0.022 ]
: 0.2 ) 0.3 0.4 0.5 0.6 0.7 ) 0.8
- 15 _: sin2912
u?g 10 —f
x ] e 2003-2015:
Tl E KamLAND dominant Am?, precision
L - [30] -
o1 oz 03 os 01 Io?zl - 'o?sl - |0!4I o5 e After Dec 2025:

sinze12 sin2612
JUNO leads Am7, and 615 precision

e Solar region determined by SK and SNO (with solar prior 0,5 < 45°)

e Till Dec. 2025 dominant 6,5 precision



‘3 v Analysis: status of Am3, tension I

e Long-standing weak tension on preferred Am?3, from solar and reactor LBL
e Choice of the assumed solar model (GS, AGSS, MB22,...) has little impact
— Too much Day-Night asymmetry (D/N) in SK

— No indication of low-E MSW turn-up

e With SK IV ~ DIN:3.6% = 2.6% —> Tension reduced

— “Hints” of turn-up

e Cause

062 = T of ]
B ol [ Somr = > - g
& U0 |— Solar+KamLAND B ..’;-,- 1= =
2058 [ 4 E = :
gt T~ 3 £ 2 =
20.56 — - Y C .
Y - = < -3F —
20.54 — - C E
L] - - < 4F i
80-52 -] 2 c =
] < 5 :_ _:
0.5 — E = 3
0.48 - = 65 E
0.46 + + + _|= 5 '7;_ —4— Statistical uncertainty _;
0.44 fr:;: —] 8 - —— Total uncertainty 3
= B 3 E + [ ] sK combined ]
0.42 :_I | | | | | | | _: -9 C 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 .
4 6 8 10 12 14 16 18 1 2 3 SK4Ph
EN in MeV ase

SK Collab. 2312.12907



‘3 v Analysis: status of Am?2, tension I N

e Long-standing weak tension on preferred Am?3, from solar and reactor LBL
e Choice of the assumed solar model (GS, AGSS, MB22,...) has little impact

— Too much Day-Night asymmetry (D/N) in SK
— No indication of low-E MSW turn-up

e Cause

: — D/N: 3. 2. :
e With SK IV IN:3.6% = 2.6% = Tension reduced :x?q so1reac/n = 2.3/2 (#o=1)

— “Hints” of turn-up

NuFIT 6.1 (2025)

14 N T T T°1 | I T T1 | T T 171 I T T1 ] 12 B T T T T T | T T | T I I H
- sin’e, , = 0.0222 . - MB22m .
12 — — 10 . AAG21 ]
- ] L KamLAND _
- . - SNO+ v

o 10~ - s + KamL
= F ] - + JUNO i
e 8 T« F A
= 1 56 §
N 6 ~ .
J B i 4 _
4= ] . ’
o - 2~ -
0 oo lvv v b b 0T 0 B N ]

0.2 0.25 0.3 0.35 0.4 2 4 6 8 10

.2 2 5,2
sin'0,, Am,, [10 " eV']



‘3 v Analysis: status of Am?2, tension I o

e Long-standing weak tension on preferred Am?3, from solar and reactor LBL
e Choice of the assumed solar model (GS, AGSS, MB22,...) has little impact

o Calse — Too much Day-Night asymmetry (D/N) in SK
— No indication of low-E MSW turn-up

— D/N: 3.6% — 2.6%

. = Tension reduced :xPq so1reac/n = 2.3/2 (#o=1)
— “Hints” of turn-up

e With SK IV {

NuFIT 6.1 (2025)

14 N T T T°1 | I T T1 | T T 171 I T T1 ] 12 B T T T T T | T T | T I I H
- sin’e, , = 0.0222 . - MB22m .
12 — — 10 . AAG21 ]
- ] L KamLAND _
- . - SNO+ v

o 10~ - s + KamL
= F ] - + JUNO i
e 8 T« F A
2 F 1 F6r i
N 6 . - .
J B i 4 _
4= ] . ’
o - 2~ -
0 oo lvv v b b 0T 0 B N ]

0.2 0.25 0.3 0.35 0.4 2 4 6 8 10

.2 2 5,2
sin'0,, Am,, [10 " eV']

Talks by L1 (JUNO/TAO), Wang (JUNO), Hu (SK), Kaptanoglu (SNO+)



‘Spin-off : Testing How the Sun Shines with /s I 17

Fitting together oscillations and normalization of v-producing reactions: f; = 53 o

2
\ / e = Constraint on solar energy o et serene 2
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‘Spin-off : Testing How the Sun Shines with /s I 17-

Fitting together oscillations and normalization of v-producing reactions: f; = z=3
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Talk by Han (PandaX)
Posters: Xu,Wu (90); Hebert (147); Ma (198);Xu (302); Russell (316); Huang (421)
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‘Spin-off: Testing How the Sun Shines with /s I :

Some SSM independently determined fluxes more or as precise the SSM predictions

Probability

0.98

Probability

1.00
®/Ppas— Gsos

I\ll\l ‘Il\‘lllll‘lllll

T T T T 7 T T
pep h Be sg| L hep_|
/A\\ v _ Ll
095  1.00  1.050.8 1.0 1205 1.0 150123456738

(I’/@B% —GS98 q)/(I’B23 —GS98 (I>/(I)B23 —GS98 q)/q)BQS - GS98

¢/¢B23 —GS98

T l T I T T

[ L

17 FIT with CNO-Rfixed
F —

FIT with CNO-Rbound
B23-GS98
B23-AGSS09met
B23-AAG21
B23-MB22-met
B23-MB22-phot

0 1 0

2
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1 2 3
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MCGG, Maltoni, Pinheiro, Serenelli 2311.16226

= They could (and should) be be used to improve SSM’s



‘M(), CPY, Octant 0»3: v,, — v, at LBL I 19

e Dominant info from v, vs 7, appearance in LBL T2K (285 km) and NOv A (810) Km

T2K ~ NOvA

FEmmE Observed £1o
N NO, sin® fy; € [0.44,0.58]

T (O, sin? 6y € [0.44,0.58)

dcp

Each T2K and NOv A favour NO
But tension (~ 2 ¢) in ¢ p in NO

normal ordering inverted ordering
Xbo/n  p-value  #o | xiq/n p-value  #o
T2KvsNOVA | 7.9/3 0047 200 | 183 061 050




‘M(), CPY, Octant 0»3: v,, — v, at LBL I 19-a

e Dominant info from v, vs 7, appearance in LBL T2K (285 km) and NOv A (810) Km

T2K

N NO, sin® fy; € [0.44,0.58]
T (O, sin? 6y € [0.44,0.58)

dcp

Each T2K and NOv A favour NO
But tension (~ 2 ¢) in ¢ p in NO

normal ordering inverted ordering

Xbo/n  p-value  #o | xiq/n p-value  #o

T2KszOVA‘ 7953 0.047 2.00-\ 183 061 050

NO

IO <

ﬁ NOwvA
-l Tk E
L —-- NOvA + T2K E
0 S T R T B R
6CP JCP
.
—b.f. dcp close to 270° = Max CPV

— CPC excluded at 2 3 &

| — 023 > 45° favoured

—b.f. dcp close to 180° = CPC
— both 055 octant at 1 o

e IO best fit in LBLL combination

X%o - X12\IO = —3.3



‘MO, CPV, Octant 923: Vy —7 Ve at LBL Ia 19-b

e Dominant info from v, vs 7, appearance in LBL T2K (285 km) and NOv A (810) Km

T2K
| 0.65:—‘]I "Id{ NOI '
2 P O, sin? b € 044,058 - .
g T (O, sin’ 6y € [0.44,0.58] 0.60 —
> C
% 0.55;—
f.; g()ﬁ();—
= C
z 0.45F .
| . ] E I NOowA .
; ] COF mm ok B
) | 035 -—== NOwA + T2K =
g R T R LR
% 100 dep dep
" (
2 8% —b.f. dcp close to 270° = Max CPV
Z
i I0 { —CPCexcluded at > 3 ¢
dr | — 023 > 45° favoured
Each T2K and NOvA favour NO _b.f. dcp close to 180° = CPC
But tension (~ 2 ¢) in ¢ p in NO NO
CP — both 055 octant at 1 o
normal ordering inverted ordering
Xpg/n pvale  #o | xpg/n pvalue  #o e 10 best fit in LBLL combination

T2K vs NOVA \ 793 0047 200 \ 183 061 050 5 5 5 3
X10 — XNO — —9-

Talks by Vallari (NOvA), King (T2K)

Posters: Mikola Prais (420); Schefke (459,471); Hua (499); Tong (62); Rajaolisoa (215);
Murthy,Chen (237); Zhao (247);Sullivan (397); Marathe (434); Vallari (451)



‘MO: MBL reactors vs LBL/ATM rG

e Complementarity between varius data sets
in the determination of Am?3,

| NUFIT 6.1 (2025) |
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e Non-trivial consistency check of 3v-osc



MO: MBL reactors vs LBLL/ATM arcla - 20-a

e Complementarity between varius data sets ® MO info from v/, disapp (LBL/ATM)

in the determination of Am3,

| NUFIT 6.1 (2025) |
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sin 623 sin 913

e Non-trivial consistency check of 3v-osc

2 2
2 2 cipAms5; NO
Am“r““ - Am?’l +s%2Am%1 10

vs v, disapp ( MBL React):
2 2

2 2 |, 879Am35; NO

Amee o Am3l+c%2Amgl 10

Nunokawa,Parke,Zukanovich hep-ph/0503283

+ ...

10 NO | NUFIT 6.1 (2025) |
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10 i ]
I [ — Reactors ]
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2 -3 2 2 -3 2
Am,, [10 " eV7] Am , [10" eV']

e Better agreement in NO
= NO best fit in Reactor + v,,-disapp



MO: MBL reactors vs LBLL/ATM arcla - 20-c

e Complementarity between varius data sets ® MO info from v/, disapp (LBL/ATM)

in the determination of Am3,

| NUFIT 6.1 (2025) |
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e Non-trivial consistency check of 3v-osc

2 2
2 2 cipAms5; NO
Am“r““ - Am?’l +s%2Am%1 10

vs v, disapp ( MBL React):

2 2
2 2 312Am21 NO
AmZ, = Am3l—|—c%2Amgl o

Nunokawa,Parke,Zukanovich hep-ph/0503283

+ ...

10 NO | NUFIT 6.1 (2025) |
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ol -
I [ — Reactors ]
L — LBL/IC .

5 — —
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3 -2.8 2.6 -2.4 2.2 22 2.4 2.6 2.8 3

2 -3 2 2 -3 2
Am,, [10 " eV7] Am , [10" eV']

e Better agreement in NO
= NO best fit in Reactor + v,,-disapp

Talks by Zhang (MBL Reactors), Axani (IceCube), De Jong (KM3Net)
Posters: Kueviakoe (97); Jargowsky (225); Girgus (230); Meighen-Berger (277)



‘MO, CPV, 623: Global Status Izalez—Garcia 21

e In addition to synergies with reactors via v, disappearance, ATM v,’s provide
further sensitivity to MO (IC23, SK) and CPV (SK)

NuFIT 6.1 (2025)

v, disapp MBL react

LBL (app+disapp) +v, disapp GLOBAL
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x E
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5 ) 1.5 wlIC23 w/o SK — ATM
X10 — XNO —

5.9 wlIC24 w SK — ATM



‘MO, CPV, 623: Global Status IaleZ—Garcia 21-a

e In addition to synergies with reactors via v, disappearance, ATM v,’s provide
further sensitivity to MO (IC23, SK) and CPV (SK)

NuFIT 6.1 (2025)

v, disapp MBL react == N0, I0 (IC23 w/o SK-atm) NuFIT 6.1 (2025) NO .

LBL (app+disapp) +v, disapp GLOBAL ===NO, I0 (IC24 with SK-atm)
I | | I T | | I I ‘
—CPC (0cp = 180%) at 1 o

10

sl €T 7 i
oL T 1 . — Excluded at 30
1 i . 47° < dcp < 112° w/o SK-ATM
T i I 1 ] (5° < dop < 125°)(w SK-ATM)
) - I 1 ST Anan — 023: b.f. Ist octant but both at 1 o
1 1 ] I ] I10:
—af T T ] 10~ .
T T T F b ; —b.f. dcp ~ 270° = Max CPV
S & b = § TE § 3: L i
S 5 5 2 5 ] — CPC excluded at 4 (4.7) o
% - (cé\% = % B ]
% 35)/ ] C\E}/ _|||||| |||||\|11||||||||_ _623:b'f‘2ndOCtant
& & 004 045 05 055 06 065 5 5
% g sin2 923 Xmin,023<45o - Xmin,923>45° = 2.3 (18)
5 ) 1.5 wlIC23 w/o SK— ATM
X10 — XNO —

5.9 wlIC24 w SK — ATM
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‘Mass Ordering: First lesson from JUNO I 22

JUNO coll. 2511.14593

- 4AE 4B - 4AE
In First data release JUNO focus on Am3,, 012
and no analysis results on Am3,/MO

2 2 2
AleL) —sin”® 2013 {032 sin’ (Am31L> + 332 sin’ (Am32L )]

This 1s what we reproduced and included in NuFIT 6.1
But the data points are there.... so we carefully checked
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‘Mass Ordering: First lesson from JUNO I 23

Prompt energy (MeV)

JUNO coll. 2511.14593
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Esteban,MCGG,Maltoni,Martinez-Soler,Pinheiro, Schwetz 2601.09791



Meas. osc.

Events /0.1 MeV

Resi. (0)

Non-osc.

Ve survival probability

‘Mass Ordering: First lesson from JUNO I 24
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With ~ 250 Days? Let’s see after coffee!!
Talks by Li (JUNO/TAU), Wang (JUNO)
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‘Mass Scale & Dirac vs Majorana in 37-mixing I »

. . NO - 2—|—A 2 2 .2 + A 2 .2
3 decay: Dirac or Majorana m. = E m?|Ue;|* = T T T

v-less 8- decay: < Majorana me. = \ZUfjmj\ = f(my, osc param, maj phases)

NO : /m? + /AmZ, +m? + /AmZ, +m?
10 \/mﬁ + \/—Am?ﬂ — Am%l — m% + —Am%1 — m%

Cosmology: Dirac or Majorana Z M= {

| NUFIT 6.1 (2025)
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‘Mass Scale & Dirac vs Majorana in 37-mixing |25'a
mj + Am3ciysiy + Am3,si;

2 2 12 NO:
m, = Yomiial = { ok b

.2 2 2
: my + Am3cigsiy — Amscig

S decay: Dirac or Majorana

v-less 8- decay: < Majorana me. = \ZUEjmj\ = f(my, osc param, maj phases)

NO : /m? + /AmZ, +m? + /AmZ, +m?
10 /m? +/—Am2, — Am2, —m? +

—Am3, —m?

Cosmology: Dirac or Majorana Z M= {

| NUFIT 6.1 (2025) |
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Talks by Wiesinger (KATRIN)
and Surukuchi (Project 8)

Talk by Knox

Talks by Sisti (CUORE)
Penek (Kland-ZEN);
Romo Luque (LEGEND); Gann



NEUTRINO ‘26

wees |1, OSC and New Physics w/o new states in OSC | *

If SM is an effective low energy theory, for £ < Anxp
— The same particle content as the SM and same pattern of symmetry breaking

1
L= Lsm + ZWOn
NP

n

— At dim=5 only 1 operator:
Os = Aij (LL,NB) (qBTLg,j) = l?LM,,yLC = Majorana Mass = v-less 53 decay

ANp




NEUTRINO ‘26

neatonl et o ot s

‘ v OSC and New Physics w/o new states in OSC I 208

If SM is an effective low energy theory, for £ < Anxp
— The same particle content as the SM and same pattern of symmetry breaking

1
L= Lgy + ZWOTL
n NP

— At dim=5 only 1 operator:

Os = Aij (LLﬂ;q;) (qBTLg,j) = %7LM,/V€ = Majorana Mass = v-less 53 decay

ANp

— Atdim=6 Og ~ LLLL , QQLL are LN conserving but can be LFV so in general

L=Lgpr + “50.f (L—o@) ((ETL5> — Z 76,1 Os.i

ALn A% p

= possible to decouple :
New Physics scale A n responsible for the small m,, from
New Physics scale A p (< A ) controlling signals at Lab experiments.

= possible signals in v experiments: Non-standard v int. (NSI), non-unitarity ...



NEUTRINO 26

‘ v OSC and New Physics w/o new states in OSC I 2

If SM is an effective low energy theory, for £ < Anxp
— The same particle content as the SM and same pattern of symmetry breaking

1
L= Lsm + Zmo
— Axp
— At dim=5 only 1 operator:
Os = A (LL qu) (ngLC ) = VLM V = Majorana Mass = v-less 53 decay

ANP

— Atdim=6 Og ~ LLLL , QQLL are LN conserving but can be LFV so in general

= o B2 (120)(716) +

ALN

= possible to decouple :
New Physics scale A n responsible for the small m,, from
New Physics scale A p (< A ) controlling signals at Lab experiments.

= possible signals in v experiments: Non-standard v int. (NSI), non-unitarity ...
Talk by B. Dev

Posters: Acero (27); Sousa,Prais (77); Lister (194); Chaudhary (195); Davies, Huang (309);
Sun (361); Das (408); Marathe (434); Souza (462)



Concha Gonzalez-Garcia 27

‘NSI in v Oscillations : Degeneracies I

e Effective parametrization: £g; = —QﬂGpség(ﬂa’y“Lyﬁ)(fyqu) , P=LR

e In matter with NSI: ¢ 5(r) = el
ap(7) Z Ne(r) @B
f:p’n’e
O AO2 O 1 +€ee _sulu, Eel,b 667’
HY = Uyac 0 %31 0 U\]:ac + \/§GFN6(T') Ezﬂ 0 Ent
0 0 AQT'E7%1 627' 6,7;7' Err — Epup

e So H — —H™* (= Probabilities are Invariant) if simultaneously:

02 — 5 — 012 (€ee — €pp) = —(ee — €pup) — 2 New “Dark”™ (012 > ) region (solar)
Am3; — —Amg, and (o _ eup) = —(er7 —euu)  Lost order info (ATM&LBL)
0 —>m—0 Eaf = —Eh3 (a # B) CPV confusion (ATM&LBL)

Miranda,Tortola, Valle, hep-ph/0406280
MCGG,Maltoni,Salvado 1103.4265
Coloma, Schwetz, 1604.05772

for Ny (r)/Ne(r) # constant = €, are not constant = degeneracy only approximate



LMA-D allowed by oscillations
Adding CEvNs (Myeq < 50 MeV)

‘NSI in v OSC (and CEvNs): Global Analysis I 28

With NSI with up,down and/or e: Coloma, MCGG, Maltoni, Pinheiro, Urrea 2305.07698

= LMA-D only above 20

Solar + KamLAND +
—J reactors w NSI in ES
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= Restricts NSI solution to T2K/NOv A tension
Blanco,Coloma, Esteban, MCGG, Maltoni, Martinez, Pinheiro, 26 XX.XXXX



‘ | V4 OSC bOundS in SMEFT IaGonzalez—Garcia 29

SMEFT = NC-NSI for v, and ¢ & CC-NSI all related. Are v-osc bounds still relevant?
Recent efforts on consistently embedding NSI constraints in SMEFT framework show
the relevance of the constraints from oscillations

Nif&/ lo interval

i Operators

ST Non-Osc. Non-Osc. + Osc. + CEvNS
SIS

<\ /| Ceglects | 0.76 £ 1.80 0.07 + 0.30

éﬁ\g—’; ﬂ = §§§i8§§ﬁ+osc_+CEst [Céu];u,ull 0.110 £ 0.091 0.058 £ 0.076

B o Wy e~ [Ced] 1t 0.19 £ 0.27 0.114+0.25
3:31%%—_ % [éé?]Tﬂl Unconstrained 0.07 £0.19
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:Eﬁ \J)

[eedlun
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A difficult case: eV sterile neutrino oscillations 30

e 30 years (Gomez-Cadenas, MCGG hep-ph/9604246 , Goswami hep-ph/9507212) of global analysis with
a 4th (or more) O(eV) neutrino to explain the SBL anomalies as they came

— LSND (v, — ve, 3.8 0) & MiniBOONE (4.8 o) anomaly:

sterile neutrino explanation robustely disfavoured from global fits (Dentler et al 1803.10661)
and not confirmed by MicroBOONE (2512.07159) = unexplained
Talks by J.H.Jo (MicroBOONE), Lee (JSNS2), Wan (SBND), Mooney (ICARUS)

— Reactor anomaly (v, — v, ~ 20):

came with new flux calc (Huber 1106.0687; Mention et al 1101.2755) and left with newer fluxes
(Kopeikin et al 2103.01486; Giunti etal, 2110.06820; Perisse et al 2304.14992. . ) Oor may be revived
with alternative fluxes (Giunti et al 2605.10353) Talks by Zang (SBL reactors), Li (TAO)

— Gallium anomaly (v, — v., ~ 50): found & baptized in solar Ga exp test data
(Acero et al 0711.4222,1006.3244) and confirmed BEST (2109.11482, 2201.07364)
Increasing tension with Solar, reactor and KATRIN (Giunti et al 2209.00916;

Berryman et al 2111.12530; Goldhagen et al 2109.14898; Brdar et al 2303.05528;

MCGG,Maltoni,Pinheiro et al 2411.16840 ... )
— unexplained Poster by Caddedu (53)
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A difficult case: eV sterile neutrino oscillations
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e 30 years (Gomez-Cadenas, MCGG hep-ph/9604246 , Goswami hep-ph/9507212) of global analysis with
a 4th (or more) O(eV) neutrino to explain the SBL anomalies as they came

— LSND (v, — ve, 3.8 0) & MiniBOONE (4.8 o) anomaly:
sterile neutrino explanation robustely disfavoured from global fits (Dentler et al 1803.10661)
and not confirmed by MicroBOONE (2512.07159) = unexplained
Talks by J.H.Jo (MicroBOONE), Lee (JSNS2), Wan (SBND), Mooney (ICARUS)

— Reactor anomaly (v, — v, ~ 20):

came with new flux calc (Huber 1106.0687; Mention et al 1101.2755) and left with newer fluxes
(Kopeikin et al 2103.01486; Giunti etal, 2110.06820; Perisse et al 2304.14992. . ) Oor may be revived
with alternative fluxes (Giunti et al 2605.10353) Talks by Zang (SBL reactors), Li (TAO)

— Gallium anomaly (v, — v., ~ 50): found & baptized in solar Ga exp test data
(Acero et al 0711.4222,1006.3244) and confirmed BEST (2109.11482, 2201.07364)
Increasing tension with Solar, reactor and KATRIN (Giunti et al 2209.00916;

Berryman et al 2111.12530; Goldhagen et al 2109.14898; Brdar et al 2303.05528 ... )
— unexplained Poster by Caddedu (53)

e Intense theory and experimental effort: Posters: Acharya (21); Sonzgni (26);Jung (46); Sousa (77);
Clark (112); Lee (133); Park (168); Aurisano (206); Ryu (219); Mendez (239); Putnam(287); Xia,(298); Pallat
(301); Garcia (313); Yoshioka (355); Pons (375); Yadav (382); Venegas Vargas (409)



09.11482, 2201.07364)
(Giunti et al 2209.00916;



Summary

e 3v paradigm is robustly establishe

— Flavour parameters before Neutrino 26

Concha Gonzalez-Garcia 33
best fit £1o 30 rel prec
1C23 w/o SK-ATM w IC24 & SK-ATM
2
: OA_T(?/Q 7.53710-004 7.53710-004 7.8%
sin? 015 0.308870 oot 0.308870 08¢ 13 %
Am2, (NO) | +2.5217507% +2.51170-9% 5.5-5%
1077 V2 10) | —2.50079:92 24831002 | 5.6-5%
n? s, (NO) | 0.47070:917 0.4700 611 30-29%
(10) | 0.55575:013 0.5507001¢ 29-28%
200 (NO) | 0.02249T0-0005T | 0.02248™5-00055 15%
(I0) | 0.0226175:0993% | 0.02262F5:0002%
Sop (NO) 20755 212726 100-98%
(10) 283124 274732 54-55%
Xfo — XXo L5 5.9

— Status of MO, CPV, and -3 octant correlated & obscured by the slight tension
in v, appearance between T2K and NOvA in NO

— Complementarity in |Am3,| determination with v, disappearance at LBL & ATM and
v, disappearance at reactors becoming more relevant in MO determination

e Robustness of the 3v-osc picture = relevant constraints in extended scenarios

* Constraints on NSI relevant to future LBL and present tensions

* Relevant information in the context of the SMEFT

« Constraints on sterile mixing relevant to SBLL anomalies
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Thank you!!
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