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Gauge Invariancg Each Lepton Flavour conserved Total Lepton # Conserved
,  strictly massless

We have observed with high (or good) precision:
Atmospheric &  disappear likely to ( SK, MINOS, IceCube, KM3NeT)
Accel. &  disappearat 300=800Km (K2K, T2K, MINOS, NO A)

Some accel & appearase & catL 300=800Km ( T2K, MINOS, NO A)
Solar ¢ convertto / (Cl, Ga, SK, SNO, Borexino)

Reactor disappear at  200=60 Km ( KamLAND. JUNO (12/2025)
Reactor disappearat 1Km (D-Chooz, Daya Bay, Reno)
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) L areviolated Thereis BSM Physics

The importantgquestion:What BSM? Talks by S Rabi, K Babu, M Schmidt

The global analysis path:
Precise consistent determination of the low energy effedtagrangian of such BSM
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LLsvw= MpLr 3MgrRrg+he ) Dirac 6 ¢
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Minimal Extension to allow for LFV) give Mass to the Neutrino

With SM elds: Use [ is right-hagded
< Lisviolated ) Majorana = ¢
SU(2)_ isviolated ) E ective LE

Introduce r AND imposeL conservation

LLsvw= MpLr 3MgrRrg+he ) Dirac 6 ¢

Either way) Charged current interactions of massive leptons are ngod

X o .
pg—§W+ Ui, T L1+ UL, U LD + hc
j

FOI‘N - 3+ S OS ULEP :3 N ULEP UE/EP = |3 3 UlYEP ULEP 6 IN N

Either way) Lepton avours not conserved inpropagation
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We perform an updated global analysis of the known and unknown parameters of the standard three-
neutrino 8 ) framework, using data available at the beginning of 2025. The known oscillation parameters
include three mixing anglés»; »3; ;3Pand two squared mass gaps, chosem#syzm3  m? > Oand

m?Yami  1am?p miR where the discrete parametet signd m?p distinguishes normal ordering
(NO, ¥ip1) from inverted ordering (IO, ¥ 1). With respect to our previous 2021 update, the
combination of accelerator, reactor, and atmospheric neutrino data leads to appreciably reduced
uncertainties for 53, 13, andj m?j. In particularj m? is the first3 parameter to enter the domain
of subpercent precision (0.8%t). 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 1032t ), for CP violation versus conservation in NO.3 ),
and for the first ,3 octant versus the second in ND1( ). We discuss the current status and qualitative
prospects of the mass ordering hint in the plane charted by the mass parénetersnz.k where

mé.¥sj m?p } &og 1, si? ;PP to be jointly measured by the JUNO experiment with
subpercent precision. We also discuss upper bounds on nonoscillation observables, including the effective
eMmasam in decay, the effective Majoranamass in0  decay, and the sum of neutrino massées
cosmology. We adoph < 0.50eV & bfrom currentH data and reporn < 0.086eV (2 ) from a
combined’®Ge, 13Te, and*%e data analysis, accounting for parametrized nuclear matrix element
covariances. Concerning current results show tensions within the standaedld dark matter (CDM)
cosmological model, pulling toward unphysical values and suggesting possible model extensions. We
discuss representative combinations of data, with or without augmentingC®l model with extra
parameters accounting for possible systematics (lensing anomaly) or new physics (dynamical dark energy).
The resulting? upper limits are roughly spread around the boursd 0.2 eV within a factor of 3 (both
up- and downward), with different implications for NO and 10 scenarios. Bounds from oscillation and
nonoscillation data are also discussed in the planes charted by pairs of (; ) parameters.
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Beumno stated o; ; Pwith definite flavor are mixe

reactor neutrino oscillation experiments have estabhsh%‘n neutino_statesd 1 2 3P with definite masst

1; My; MgPvia a unitary mixing matrixJ ; [1,2]. The
current pillars of the3 framework are represented
multiple measurements of five parameters: three n
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Abstract:  We present an updated global t 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 NO A measurements, as reported in the Neutrino 2020 conference. All in all, these
new analyses result in more accurate measurements of3, 12, m%l and | m§1|4 The
best t value for the atmospheric angle »3 lies in the second octant, but rst octant solu-
tions remain allowed at 2.4 . Regarding CP violation measurements, the preferred value
of we obtain is 1.08 (1.58 ) for normal (inverted) neutrino mass ordering. The global
analysis still prefers normal neutrino mass ordering with 2.5 statistical signi cance. This
preference is milder than the one found in previous global analyses. These new results
should be regarded as robust due to the agreement found between our Bayesian and fre-
quentist approaches. Taking into account only oscillation data, there is a weak/moderate
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Abstract:  We present an updated global analysis of neutrino oscillation data as of September
2024. The parameters 12, 13, M3, and| m3|( =1,2) are well-determined with relative
precision at 3 of about 13%, 8%, 15%, and 6%, respectively. The third mixing angle »3 still
su ers from the octant ambiguity, with no clear indication of whether it is larger or smaller
than 45 . The determination of the leptonic CP phase cp depends on the neutrino mass
ordering: for normal ordering the global t is consistent with CP conservation within 1 ,
whereas for inverted ordering CP-violating values of cp around 270 are favored against CP
conservation at more than 3.6 . While the present data has in principle 2.5-3 sensitivity to
the neutrino mass ordering, there are di erent 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 | m3 | from global disappearance data prefers normal ordering. Altogether,
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reactor neutrino oscillation experiments have es{ablISh%wl;mz;mabwa a unitary mixing matril ; [1,2]. The
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multiple measurements of five parameters: three m
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analysis still prefers normal neutrino mass ordering with 2.5 statistical signi cance. This
preference is milder than the one found in previous global analyses. These new results
should be regarded as robust due to the agreement found between our Bayesian and fre-
quentist approaches. Taking into account only oscillation data, there is a weak/moderate

Open Access , ¢ The Authors.

Avticle funded by SCOAP ® https://doi.org/10.1007/JHEP02(2021)071

whereas for inverted ordering CP-violating values of cp around 270 are favored against CP
conservation at more than 3.6 . While the present data has in principle 2.5-3 sensitivity to
the neutrino mass ordering, there are di erent 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 | m3 | from global disappearance data prefers normal ordering. Altogether,

Open Access , © The Authors.

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

Solar experiments Atmospheric experiments
» Chlorine total rate, 1 data point. » |[ceCube/DeepCore 2023 8-years,200 points.
* Gallex & GNO total rates, 2 points. « IceCube/DeepCore 2024 9.3-yearg (map provided).

» SAGE total rate, 1 data point.
« SK1 E and zenith spect, 44 poins. n

« SK2 E and D/N spect, 33 points. « NOT INCLUDED: E&%tﬁ%@r/%esggogfoldléigears
» SK3 E and D/N spect, 42 points.

o SK4 2970-day E spectrum and D/N asym, 46 poiAﬁcelerator experiments

* SNO (?ombined analysis, 7 points. _ « MINOS10:71 1029 pot -disapp data, 39 poins.
* Borexino Ph-1 740.7-day low-E spect 33 points. MINOS 3:36 10%° pot  -disapp data , 14 points.

» Borexino Ph-I 246-day high-E spect ,6 points. _ 20 _
» Borexino Ph-II 1292-day low-E spect, 192 points. * MINOS 10:6 10" pot e-app data , 5 points.
+ Borexino Ph-IIl 1433-day low-E spect, 120 points, * MINOS3:3  10% pot e-app data, 5 points.

e T2K21:4 10%° pot -disapp data, 28 points.

 SK I-V 484 kton-years( 2 map provided ).

Reactor experiments - T2K21:4 10?° pot e-app data, 9 points CCQE and
» KamLAND DS1,DS2&DS3 spectra points CC1 .
with Daya-Bay uxes 69 points « T2K16:3 10%° pot -disapp, 19 points.

« DChooz FD/ND ratios with 1276-day (FD) . _ 20 :
and 587-day (ND) exposures , 26 points. T2K'16:3 1077 pot e-app, 9 points.

. Daya-Bay 3158-day EH1,2,3 spectra 78 points. * NO A 26:6  10%° pot  -disapp data , 21 points.
« Reno 300-day FD/ND ratios 45 points. « NO A26:6 10%° pot e-app data, 15 points.

« SNO+ 1.45 Kt-ur spectrum DSI & Il, 46 points NO A 12:5 10%° pot -disapp, 18 points.

» JUNO 59.1-day spectrum, 66 data points « NO A12:5 102 pot e-app, 13 points.
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Global 3 Flavour Parameters: Spring 202

Global 6-parameter t http://www.nu- t.org
Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 28%880,2601.09791
(In last years good agreement with results from Bari and \é&idegroup$

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

— |||N”F'T|6l(2025)| IC23  Our analysis of Icecube
data from 2304.12236
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‘Global 3 Flavour Parameters: Spring 202§

Global 6-parameter t http://www.nu- t.org
Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 28%880,2601.09791

(In last years good agreement with results from Bari and \é&idegroup$

NO, IO (IC23 w/o SK-
=== NOLIO (1C24 wih SK-aim) LNFT61(029) | | ~53  Oyr analysis of Icecube
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10 JF g 1 SK-atm  “ table from SK1-5
8 [ 1r 1r )
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! 1t 1t ] data from 2405.02163
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‘Global 3 Flavour Parameters: Spring 202§

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

Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2@!'.’[:@80,2601.0979}l well-known parameters:

up low

NO, 10 (IC23 w/o SK-atm) PreC|S|0r‘ 3

NO, 10 (IC24 with SK- atm)
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‘Global 3 Flavour Parameters: Spring 202§

Global 6-parameter t http://www.nu- t.org
Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2@!'.’[:@80,2601.0979}l
well-known parameters:

12, 13, M35,j mM5]
m3, Solar vs Reactors

NO, IO (IC23 w/o SK-atm)
===== NO, IO (IC24 with SK-atm) NUFIT 6.1 (2025) |
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‘Global 3 Flavour Parameters: Spring 202§

Global 6-parameter t http://www.nu- t.org
Esteban, MCGG, Maltoni, Martinez, Pinheiro,Schwetz, 2@!'.’[:@80,2601.0979}l
well-known parameters:

2 2 i
NO, 10 (IC23 w/o SK-atm) 12, 13, Mg, ] Mz]
f W/0 -atm
===== NO. IO (IC24 with SK-atm) NUFIT 6.1 (2025) | m%1 Solar vs Reactors

15 _I | T \‘I T | LI | T | I_ _I T T \‘I T | T T T | Il T T I_ _l T \‘I | TTTT | TTTT | TT Il”" TTT I_ . . .
: 1 I 1 Time varing Tension
. 1o;— — — — — —/ 3. Least known angle
S ol ol 1 Maximal? Octant?
5 — — — —
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Solar

From average vac. osd&=(. 1 MeV)
to adiabatic matter transitiong (& 4 MeV)
) 12 49
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Solar region determined by SK and SNO
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Effectively vacuum oscillations
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Solar

From average vac. osd&=(. 1 MeV)
to adiabatic matter transitiong (& 4 MeV)
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Solar region determined by SK and SNO
Till Dec. 2025 dominant 1, precision
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Reactors LBL
Effectively vacuum oscillations
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2003-2015:
KamLAND dominant m$, precision
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(with solar prior 1, 45)



‘3 Analysis: status of m3, tension IG"’“Cia

Long-standing weak tension on preferredns, from solar and reactor LBL
Choic? of the assumed solar model (GS, AGSS, MB22,...) tiksimpact

— Too much Day-Night asymmetry (D/N) in SK
B Izlo indication of low-E MSW turn-up

— . /| 0
With SK IV D/N: 3.6%! 2'6/0) Tension reduced

— “Hints” of turn-up

Cause

=0.62[ e N = E
E = [ Solar 3 é C ]
g 0.6 |— Solar+kamLAND — > -1 -
Q - 3 =
(%] — —] Q
80.58 : 1 - g2 b E
@) E . o -3 =
20.54 = < J_
T h - < 4F -
0052 — D - .
. Z _5 :_ _:
0.5 — §* = 3
0.48 —— — -6 3
0.46 + + -I- —|= 3 -7 ;_ —— Statistical uncertainty =
0.44 fr:;: —] 8 - —}— Total uncertainty 3
- ] - C [ ] SK combined 3
0.42 :_I | | | | | | | _: gt PR T T T TN N T S N T E T I
4 6 8 10 12 14 16 18 1 2 3 SK4Ph
EXM in MeV ase

SK Collab. 2312.12907
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‘3 Analysis: status of m3, tension IG"’“Cia °

Long-standing weak tension on preferredns, from solar and reactor LBL
Choic? of the assumed solar model (GS, AGSS, MB22,...) tiksimpact

— Too much Day-Night asymmetry (D/N) in SK
B Izlo indication of low-E MSW turn-up

— . /| 0
With SK IV D/N: 3.6%! 2'6/0) Tension reduced 3 .soireac =N = 2:3/2 (# =1)

— “Hints” of turn-up

Cause

NUFIT 6.1 (2025)
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Long-standing weak tension on preferredns, from solar and reactor LBL
Choic? of the assumed solar model (GS, AGSS, MB22,...) tiksimpact

— Too much Day-Night asymmetry (D/N) in SK
B Izlo indication of low-E MSW turn-up

— DIN: 3.6%! 2.6%
— “Hints” of turn-up

Cause

With SK IV Tension reduced 3 .soireac =N = 2:3/2 (# =1)

NUFIT 6.1 (2025)

14 LANLAL L L B L L B O 12 [T L T ]
- sin’g,, = 0.0222 . - MB22m :
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Talks by Li (JUNO/TAQO), Wang (JUNQO), Hu (SK), Kaptanoglu (SM)



‘Spin—off: Testing How the Sun Shines with % I i

Fitting together oscillations and normalization eproducing reactionsf;j = —ssi—

\ / ) Constraint on solar energy )
produced by nuclear reactions >l )
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‘Spin—off: Testing How the Sun Shines with % Il?-a

Fitting together oscillations and normalization eproducing reactionsf;j = —ssi—

\/ 5:0% ) ConStraInt On SOIar energy 1””/‘®i1% | BahcallfSereneHi‘ 2005
produced by nuclear reactions >l )
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Talk by Han (PandaX)
Posters: Xu,Wu (90); Hebert (147); Ma (198);Xu (302); Rll84.6); Huang (421)



| Spin-off: Testing How the Sun Shines with % I ”

Some SSM independently determined uxes more or as prelcess&EM predictions
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) They could (and should) be be used to improve SSM's
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Dominant info from ¢ vs™¢ appearance in LBL T2K (285 km) and N@ (810) Km

T2K

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

Number of events
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Buttension( 2 )in ¢cp INNO

normal ordering inverted ordering

2.=n pvalue # 2.=n pvalue #

T2K vs NOVA‘ 7.9/3 0.047 2.0‘ 1.8/3 061 05



Number of events

‘ MO, CPV, OCtant 23: I e at LBL Ircia 19-a

Dominant info from ¢ vs™¢ appearance in LBL T2K (285 km) and N@ (810) Km

T2K

N NO, sin® fy; € [0.44,0.58]
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‘ MO, CPV, OCtant 23: I e at LBL Ircia 19-b

Dominant info from ¢ vs™¢ appearance in LBL T2K (285 km) and N@ (810) Km
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Te) No = 33
Talks by Vallari (NO A), King (T2K)

Posters: Mikola Prais (420); Schefke (459,471); Hua (4990g (62); Rajaoclisoa (215);
Murthy,Chen (237); Zhao (247);Sullivan (397); Marathe4x%3/allari (451)
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Complementarity between varius data sets
in the determination of m3.
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MO: MBL reactors vs LBL/ATM carcla 20

Complementarity between varius data setdVO info from  disapp (LBL/ATM)
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Complementarity between varius data setdVO info from  disapp (LBL/ATM)
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2 2 12 21
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3 4 - ee 3 ci, mj3 10
28 JE Nunokawa,Parke,Zukanovich hep-ph/0503283
r 1 DayaBay
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Better agreement iNO
) NO best tin Reactor + -disapp

Non-trivial consistency check of 3osc

Talks by Zhang (MBL Reactors), Axani (lceCube), De Jong (KNé¢B)
Posters: Kueviakoe (97); Jargowsky (225); Girgus (230)igklen-Berger (277)
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In addition to synergies with reactors via disappearance, ATM's provide
further sensitivity to MO (1C23, SK) and CPV (SK)

NuFIT 6.1 (2025)

v, disapp MBL react
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[T I I I
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2 2
Xio — XNo
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NOvA+T2K+—
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LBL+ ATM(IC23) |-

LBL+ATM(IC24,SK tables)

< 155 wlIC23w=0SK ATM
59 wliIC24wSK ATM

w ATM(IC23) -

w ATM(IC24,SK tables) -
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In addition to synergies with reactors via disappearance, ATMg's provide
further sensitivity to MO (1C23, SK) and CPV (SK)

NuFIT 6.1 (2025)
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But the data points are there.... so we carefully checked
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‘I\/Iass Ordering: First lesson from JUNO I 24
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0 Talks by Li (JUNO/TAU), Wang (JUNO)
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8
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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
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If SM is an effective low energy theory, f&r NP
— The same particle content as the SM and same pattern of dyynoneaking
X 1
L = LSM + ﬁOn
n NP

— At dim=5 only 1 operator:

Os= ' L~ ~TLE;J- ) .M £ MajoranaMas$ -less decay

NP
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If SM is an effective low energy theory, f&r NP
— The same particle content as the SM and same pattern of dyynoneaking
X 1
L = LSM + ﬁOn
n NP

— At dim=5 only 1 operator:

Os= - L~ ~TLE;J- ) .M £ MajoranaMas$ -less decay
—Atdim=60Og¢ LLLL ,QQLL areLN conservingout can bd_FV so in general
C - |
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LN i LF
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New Physicscale ¢ ( .n ) controlling signals at Lab experiments.
possible signals in experiments: Non-standardint. (NSI), non-unitarity . ..
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If SM is an effective low energy theory, f&r NP
— The same particle content as the SM and same pattern of dyynoneaking
X 1
L = LSM + ﬁOn
n NP

— At dim=5 only 1 operator:

Os= - L~ ~TLE;J- ) .M £ MajoranaMas$ -less decay
—Atdim=60Og¢ LLLL ,QQLL areLN conservingout can bd_FV so in general
C - |
L = LSM + > L — ~TLC + %OM
LN i LF

) possible tadecouple
New Physicscale |y responsible for themallm from

New Physicscale ¢ ( .n ) controlling signals at Lab experiments.
possible signals in experiments: Non-standardint. (NSI), non-unitarity . ..

)

Talk by B. Dev
Posters: Acero (27); Sousa,Prais (77); Lister (194); Chand(195); Davies, Huang (309);

Sun (361); Das (408); Marathe (434); Souza (462)
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‘NSI In  Osclllations : Degeneracies I

Effective parametrization. \§, = Zp 2Ge "7 ( L )f Pf); P=LR

Nt (r) .t
Ne(r)

In matter with NSI  (r)

f =p;n;e

0 1
ee e e
21 § Uy, + " 3G Ne(r)%) o %

2E
e
0 2E

0
m 3

= Uvac% 0

SoH ! H ( Probabilities are Invariant) if simultaneously:
2! 7 1 ("ee " )! ("ee " ) 2New"Dark”( 12> 3)region (solar)
ms, ! m3, and (~ )1 (" ) Lostorderinfo (ATM&LBL)

! woop ( 6 ) CPV confusion (ATM&LBL)

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

for Nt (r)=Ne(r) & constan) " are not constant degeneracy only approximate
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With NSI with up,down and/or eColoma, MCGG, Maltoni, Pinheiro, Urrea 2305.07698

LMA-D allowed by oscillations No evidence of CP conserving NSl's
Adding CE NS M meq & 50MeV) ) Maximum effect at future LBL experiments
) LMA-D only above 2 TOETE o 24Y, Mok dk2Y,

10 Ranges at 99% CL marginalized |
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‘ OSC bounds |n SMEFT Iva Gonzalez-Garcia 29

SMEFT) NC-NSIfor - and & CC-NSI all related. Are -osc bounds still relevant?
Recent efforts on consistently embedding NSI constram&MEFT framework show
the relevance of the constraints from oscillations

[Oeq]zuj = (gz%gz)( JJ“C]J)
[Oéz)]lljj = (6;0,0'4;)(qs0"0"qy)
Owil1150 = (Elaufl)(ujaﬂuj)
Ovalrrgr = (élauél)(djoﬂdj)
O, ]UJJ = (61% e1)(q )
Oculirss = (e70,€7)
[Oed (e70,.€7)

dlIrjgg —

Colomaetal2411.00090
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30 years Gomez-Cadenas, MCGG hep-ph/9604246 , Goswami hep-ptzaapof global analysis with
a 4th (or more) O(eV) neutrino to explain the SBL anomaliethag came

—LSND( ! ¢,3.8 )& MiniIBOONE (4.8 ) anomaly
sterile neutrino explanation robustely disfavoured frdobgl ts (Dentleret a/1803.1066)
and not con rmed by MicroBOONE2612.0715%) unexplained
Talks by J.H.Jo (MicroBOONE), Lee (JSNS2), Wan (SBND), Mep(ICARUS)

— Reactoranomaly ¢! ¢, 2 ):
came with new ux calc Kuber 1106.0687; Mentioat a/1101.2755 and left with newer uxes
(Kopeikin et al2103.01486; Giuntetal 2110.06820; Perissat al2304.14992..) Or may berevived
with alternative uxes Giunti et al2605.10353 Talks by Zang (SBL reactors), Li (TAO)

— Galliumanomaly (¢! e, 5 ):found & baptized in solar Ga exp test data
(Aceroet al0711.4222,1006.3244and con rmed BEST £109.11482, 2201.073¢4
Increasing tension with Solar, reactor and KATRIbiu(ti et a/2209.00916
Berrymanet al2111.12530 Goldhagenret al2109.14898 Brdar et al2303.05528

MCGG,Maltoni,Pinheircet al2411.16840 . )
) unexplainedroster by Caddedu (53)
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‘Solar modeling and the Gallium anomaly I

3+1 Fit

Solar Bounds

Caddedu etal, 2507.13013

In all cases 3o=n> 135# > 3.7
) Incompatiblity is SSM independent
MCGG, M.Maltoni, J. Pinheiro, 2411.16840
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30 years Gomez-Cadenas, MCGG hep-ph/9604246 , Goswami hep-ptzaapof global analysis with
a 4th (or more) O(eV) neutrino to explain the SBL anomaliethag came

—LSND( ! ¢,3.8 )& MiniIBOONE (4.8 ) anomaly
sterile neutrino explanation robustely disfavoured frdobgl ts (Dentleret a/1803.1066)
and not con rmed by MicroBOONE2612.0715%) unexplained
Talks by J.H.Jo (MicroBOONE), Lee (JSNS2), Wan (SBND), Mep(ICARUS)

— Reactoranomaly ¢! ¢, 2 ):

came with new ux calc Kuber 1106.0687; Mentioat a/1101.2755 and left with newer uxes
(Kopeikin et al2103.01486; Giuntetal 2110.06820; Perissat al2304.14992..) Or may berevived
with alternative uxes Giunti et al2605.10353 Talks by Zang (SBL reactors), Li (TAO)

— Galliumanomaly (¢! e, 5 ):found & baptized in solar Ga exp test data
(Aceroet al0711.4222,1006.3244and con rmed BEST £109.11482, 2201.073¢4
Increasing tension with Solar, reactor and KATRIbiu(ti et a/2209.00916

Berrymanet al2111.12530 Goldhagenret al2109.14898 Brdar et al2303.05528 . )
) unexplainedroster by Caddedu (53)

Intense theory and experimental effartisters: Acharya (21); Sonzgni (26);Jung (46); Sousa (77);
Clark (112); Lee (133); Park (168); Aurisano (206); Ryu (RMendez (239); Putnam(287); Xia,(298); Pallat
(301); Garcia (313); Yoshioka (355); Pons (375); Yadav |382negas Vargas (409)
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3 paradigm is robustly establishea:
bestt 1 3 rel prec
IC23 w/o SK-ATM w IC24 & SK-ATM
2
ORI [.,“éi/ 7:5370,994 7:5370,994 7.8%
sin® 1, 0:3088 %055 ¢ 0:3088%,:35%¢ 13 %
m2. (NO) | +2:521°4:0%3 +2:51179942 5.5-5%
TA 3 2 : :
: 10 *eV” (10) 2:500'%:053 2:483%:0%0 5.6-5%
— Flavour parameters before Neutrino 26
- (NO) | 0:470°% 517 0:470'%:917 30-29%
SIN™ 23 ) )
(10) 0:555513 0:550"%513 29-28%
G 1 (NO) | 0:02249% 30527 | 0:02248% 50525 150
(10) | 0:0226T% 05086 | 0:02262 %5056
_ (NO) 2073 212"% 100-98%
CP—
(10) 2837%, 274% 54-55%
23 1.5 5.9

— Status oMO, CPV, and »,3 octantcorrelated & obscured by the slight tension

In ¢ appearance between T2K and N®in NO

— Complementarity i m%.j determination with  disappearance at LBL & ATM and
e disappearance at reactors becoming more relevaviQindetermination

Robustness of the 3osc picture)

Constraints on NSI relevant to future LBL and present tarsio
Relevant information in the context of the SMEFT
Constraints on sterile mixing relevant to SBL anomalies

relevant constraints in extended scenarios
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Thank you!!

Special thanks to my Collaborators
lvan Esteban, Michele Maltoni, Ivan Martinez-Solar,
Joao P Pinheiro, Thomas Schwetz
Pilar Coloma, Pablo Blanco-Mas, Salvador Urrea
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