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OUTLINE

Status of the 3 global description
Explorations/Implications beyond 3
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\The evidence of BSM |

Inthe SM@gr ) L conserved m =0

We have observed with high (or good) precision:

Atmospheric &  disappear likelyto (SK,MINOS, ICECUBE, KM3NeT)
Accel. & disappearat 300=800Km (K2K, T2K, MINOS,NO A)

Some accel & appearase & atL 300=800Km ( T2K, MINOSNO A)
Solar ¢ convertto / (Cl, Ga,SK, SNO, Borexing

Reactor disappear at 200Km (KamLAND )
Reactor disappearat 1 Km (D-Chooz,Daya Bay, Reno)
) L areviolated There is Physics Beyond SM
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\The evidence of BSM |

Inthe SM@gr ) L conserved m =0

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

Some accel & appearase & atL 300=800Km ( T2K, MINOSNO A)
Solar ¢ convertto / (Cl, Ga,SK, SNO, Borexing

Reactor disappear at 200Km (KamLAND )
Reactor disappearat 1 Km (D-Chooz,Daya Bay, Reno)
) L areviolated There is Physics Beyond SM

Theimportantguestion:

What BSM?
The startingpath:

Precise determination of the low energy parametrization
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\The New Minimal Standard Model |

Minimal Extension to allow for LF\) give Mass to the Neutrino

With SM elds: Use [ is right-hagded
< Lisviolated ) Majorana = ¢
SU(2), isviolated ) E ective LE
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\The New Minimal Standard Model |

Minimal Extension to allow for LF\) 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

L L sy= Mp[ Rr %MR—RI%:‘Fh:C: ) Dirac 6 C-

Either way) CC Int interactions of massive leptons are not diagpnél, gp

) Lepton avours not conserved inpropagation Flavour Oscillations:
X0 ) X
P = 4 RgU; U; Uj U] ]sin’ 7“ +2 ImU; U; U; U] Isin( )
j8i j6i

i — (Ei Ej)L _ 4. (m? m?) L=E
2 ;- =l e\/ZJ Km/GeV

No information on mass scale nor Majorana versus Dirac
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Forfor 3 's: 3 Mixing angles+ 1 Dirac Phas& 2 Majorana Phases
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Forfor 3 's: 3 Mixing angles+ 1 Dirac Phas& 2 Majorana Phases

0 . :
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Convention0O ; 90 O 360 ) 2 Orderings
me 1 e & m3; > @by convention
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< m. m3, < 0for IO
?I m 3 v ma3
Experiment Dominant Important Additional
SolarExperiments 12 m3, 13
Reactor LBL(KamLAND) ms3, 12 13
Reactor MBL(Daya Bay, Reno, D-Chooz) 13, m3.
AtmosphericExperiments (SK,IC) 23 m3. 13, cp

Acc LBL  Disapp(Minos,T2K,NOVA) ms.. 23
Acc LBL ¢ App (Minos, T2K,NOvVA) cp 13 23, M5, ms
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‘Global 3 Flavour Parameters: Spring 2025I

Global 6-parameter t http://www.nu- t.org
Esteban, G-G, Maltoni, Martinez, Pinheiro,Schwetz, 283880
(In last years good agreement with results from Bari and \é&idegroup$

NO, IO (IC19 w/o SK-atm)
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‘Global 3 Flavour Parameters: Spring 2025|

Global 6-parameter t http://www.nu- t.org
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‘Global 3 Flavour Parameters: Spring 2025I
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‘Global 3 Flavour Parameters: Spring 2025I

Global 6-parameter t http://www.nu- t.org
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— NGO, IO (IC19 w/o SK-atm)

| NUFIT 6.0 (2024) |

| —
0 90 180 270 360

Dominant information in ¢ vS™¢ appearance in LBL:
Each T2K and NOA favour NO but tension in value ofcp iIn NO
) 1O best tin LBL combination) b.f. cp 290, CPC disfavoured & 3.5

Additional information from in LBL vs . disapperance in MBL Reactors:
Slightly better InNO ) LBL+Reac:NO andlO equally good CPC OK
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— NGO, IO (IC19 w/o SK-atm)
22 NO. 10 (1G24 with SKeatm)  L_NUFIT 6.0 (2024) |

Dominant information in ¢ vS™¢ appearance in LBL:
Each T2K and NOA favour NO but tension in value ofcp iIn NO
) 1O best tin LBL combination) b.f. cp 290, CPC disfavoured & 3.5

Additional information from in LBL vs . disapperance in MBL Reactors:
Slightly better InNO ) LBL+Reac:NO andlO equally good CPC OK

Adding SK-ATM 2 Table:
Favouring ofNO) CPC

2 ' 6
IO NO:with SK atm
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— NGO, IO (IC19 w/o SK-atm)
=== NO, IO (IC24 with SK-atm) |_NUFIT 6.0 (2024) |
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Dominant information in ¢ vS™¢ appearance in LBL:
Each T2K and NOA favour NO but tension in value ofcp iIn NO
) 1O best tin LBL combination) b.f. cp 290, CPC disfavoured & 3.5

Additional information from in LBL vs . disapperance in MBL Reactors:
Slightly better InNO ) LBL+Reac:NO andlO equally good CPC OK

Adding SK-ATM 2 Table: SK-atm beyond expectatlon and not clearly compatible
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E 1 True O
12: - MC expectation [l Normal 7 ;::(o.ss)

=}
7

of Toy Data Sets
g

2 1 6 N 10:
IO NO ;with SK atm X8

Fraction
=
b

l. arXiv:2311.05105
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‘ Con rmed Low Energy Picture I

— Robust determination ofiz, 13, m3;,j M3 ]

e 3 scenario

— Mass ordering, o3 Octant, CPV depend on subdominant&fects
) interplay of LBL/reactor/ATM results. Not statisticallygsi cant yet

) de nitive answer will require new experiment3alk M. Sorel
—T2K andNO A willruntill 2027
—JUNOtaking datg Ordering (alone and/or comb withtelescopes)
— Hyper-KandDUNE expected within a decade Ordering, cp & 23



"**1Byproduct: Testing How the Sun Shines with %

. proton +2e* +2v, + 25MeV

Sun shines by nuclear fusio O *He

Two main chains of nuclear reactions
pp Chain:

o
Up+p—D+er + 2)pt+e +p=D+
[Mp+p e + v [@p+e ‘F al v N Y <E ,>=0.707MeV
(0.25%) /v
p p

CNO cycle

(99.75%) |
D+ p—He + v
|

|
‘He + *He = o + 2p *He + *He =+ "Be 4+ [ (6)"He + p = He + ¢ 4 v, |
(0.00002%)

(p-p I: 86%)

I
‘ (3]TBP+F_4}7L.[+UF_|
|

Li v
Ll+l'l—>c?ﬂ [(4)°B =+ *Be" + e + 1| <E >20.997MeV
(pp 11 - 14%) | \ \

SBe* —+ 2a
<E ,>=0.999MeV

"Be+p—=F B4y

(p-p 11T 0.015%)

Standard Solar Models predict 1% of solar luminosity from CNO cycle
/ﬂ v s )|

They also predict the corresponding neutrino uxes

Flux (cm™

1
Neutrino Energy in MeV
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‘Byproduct: Testing How the Sun Shines with Qsl

Fitting together m#, and normalization of -producing reactionsj = —gy—
\/ ) Constraint on solar energy produced by nuclear reactions

Present limit on CNO:
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‘Byproduct: Testing How the Sun Shines with Osl

SSM independent uxes can be used to improve modeling

T ll 'llll]llIl 'IIIIIII N L L L L L L l{lllll{lllll
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‘ Con rmed Low Energy Picture I

— Robust determination ofiz, 13, m3;,j M3 ]

e 3 scenario

— Mass ordering, o3 Octant, CPV depend on subdominant&fects
) interplay of LBL/reactor/ATM results. Not statisticallygsi cant yet

) de nitive answer will require new experiment3alk M. Sorel
—T2K andNO A willruntill 2027
—JUNOtaking datg Ordering (alone and/or comb withtelescopes)
— Hyper-KandDUNE expected within a decade Ordering, cp & 23

» Oscillations DO NOTdetermine théightest massor distinguishDirac/Majorana



Massive Ne“”‘”Q| Probes of Mass Scale in 3-mixing IG o

Single decay : Pure kinematicdDirac or Majorana 's, only model independent
e X 8

) o m2 — m_Zer.jZ — S NO: m?+ M3, Cf3ST, +  M3;STs
2| SN ° J J © 10 mf+ miichst,  miich

"/ |Present boundn _  0:45 eV (90% CL KATRIN 2406.13516 )
"G Katrin sensitivity tom |, 0:3eV

-less Double- decay:, Majorana %
P Me
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n X
—_ e 1
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y . . 0
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=

8

X < P—=_P 2 5, P 2 2
COSMO for Dirac or Majorana mi=  NO, My matmii mg km
m affect growth of structures 10 m?+ mZ, m% mi+ mZ, m?




M

In 3 -mixing the expectations for these probes are correlaefietal hep-ph:0408045

Probes of Mass Scale in 3-mixing: Correlations
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‘ Con rmed Low Energy Picture and MY List of Q&A I

3 scenario Robust determination ofi», 13, mM3%;,j M35 ]

— Mass ordering, o3 Octant, CPV depend on subdominanté&fects
) interplay of LBL/reactor/ATM results. Not statisticallygsi cant yet
) de nitive answer will require new experimeni&lk M. Sorel

« What about mass scale and Dirac vs Major%na7
— Only model indep probe ah  decay @ m?jUaij2 0:45eV (KATRIN 24)
— Dirac or Majorana? -less decay (Talk M. Sore)
— Cosmological effects3teadily improving boundsTlalk E. Sanchez . ).

e Only three light states?
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SeveralObservationsvhich can be Interpreted &scillations with m?  eV?
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SeveralObservationsvhich can be Interpreted &scillations with m?  eV?

LSND &MiniBooNe




Am? [eV2]

Massive NGUtrinﬂ| Beyond 3 's: Light Sterile Neutrinos fG 19-b

SeveralObservationsvhich can be Interpreted &scillations with m?  eV?

LSND &MiniBooNe

Strong tension with disapp
Dentler etal, 1803.10661

99.73% CL
2 dof

10}

———

10°F Appearance

( w/o DiF)
i)isappearance
—— Free Fluxes
107k
1074 1073 102 10!
sin?® 26,.c

ArXiv:2412.14407
No Con rmation (99% CL)
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eV?

SeveralObservationsvhich can be Interpreted &scillations with m?

LSND &MiniBooNe

D,

EIRL < @C‘z
P ®3
i)isapp eeeee
—— Free Fluxes

10 1 Fixed Flux
10— 10 10— 10—
n? 26,
MicroBooNE

ArXiv:2412.14407
No Con rmation (99% CL)
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SeveralObservationsvhich can be Interpreted &scillations with m?  eV?

. Reactor Anomal
LSND &MiniBooNe y
Huber, 1106.068,Mentioatal,1101.2755

2011 reactor ux calculation:

= _da@_ - (:936:923 atL . 100 m

RReaC - prew

Explained as ¢ disappearance

Am? [eV2]

10°F Ap?e O[
$>

MicroBooNE

ArXiv:2412.14407
No Con rmation (99% CL)
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Massive Nmﬂfiﬂﬂ| Beyond 3 's: Light Sterile Neutrinos |ZG

SeveralObservationsvhich can be Interpreted &scillations with m?

LSND &MiniBooNe

_—_-5 Q
o] —/— A b&é
100F PP O/&\
MicroBooNE
ArXiv:2412.14407

No Con rmation (99% CL)

eV?

Reactor Anomaly
Huber, 1106.068,Mentioatal,1101.2755

2011 reactor ux calculation:

D — data
RReaC - prew

=0:936"%:923 atL . 100 m

Explained as ¢ disappearance

2022 with updated input${ U)

Berryman Huber, 2005.01756
Kipeikin etal, 2103.01486

-4~ PaloVerde %~ Rovnodt

T T
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.90
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Massive Nmﬂfiﬂﬂ| Beyond 3 's: Light Sterile Neutrinos |G

SeveralObservationsvhich can be Interpreted &scillations with m?

LSND &MiniBooNe

_—_-5 Q
o] —/— A b&é
100F PP O/&\
MicroBooNE
ArXiv:2412.14407

No Con rmation (99% CL)

eV?

Reactor Anomaly
Huber, 1106.068,Mentioatal,1101.2755

2011 reactor ux calculation:
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Massive NGUtrinﬂ| Beyond 3 's: Light Sterile Neutrinos fG 190

SeveralObservationsvhich can be Interpreted &scillations with m?  eV?

LSND &MiniBooNe

e — Appe &O
QR
S— ;)
Disappearance
—— Free Fluxes
10-1L Fixed Flux
10— 10 10- 10—
sin” 26,
MicroBooNE

ArXiv:2412.14407
No Con rmation (99% CL)

Reactor Anomaly Gallium Anomaly
Huber, 1106.068,Mentioatal,1101.2755 Acero etal, 0711.4222;Giunti, Laveder,1006.3244
2011 reactor ux calculation: et+1Gal Ge +e

F

data_ - (0:936'0924 atL . 100m Rea = ;22— =0:8 004atL 0.5-1.1m

predict

edict
Exr@ as ¢ disappearance EXxplained as e disappearance

2022 wiu ( ~d inputgP U)

Berryman Hub. b 11756
Kipeikin etal, 210

T T L —
§ L = Bugey-3 -+ DayaBy -+ ILL ~4- Palo Veru. Jﬁ ]
- -5~ Bugey-4 - Double Chooz - Krasnoyarsk =~ RENO AP

% Chooz <~ Gosgen = Nucifer £ Rovno88 STEREO

. exp KI
\=o74/%ra

exp
Rk
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Massive NGUtfinﬂ| Beyond 3 's: Light Sterile Neutrinos fG Lo-h

SeveralObservationsvhich can be Interpreted &scillations with m?  eV?

LSND &MiniBooNe

MicroBooNE

ArXiv:2412.14407
No Con rmation (99% CL)

Reactor Anomaly Gallium Anomaly
Huber, 1106.068,Mentioatal,1101.2755 Acero etal, 0711.4222;Giunti, Laveder,1006.3244
2011 reactor ux calculation: c+1Gal MGe +e
r data_ = 0:936'% %24 atL . 100m Rca = gag— =0:8 0:04atL  0.5-1.1m

edict
Exr@ as ¢ disappearance EXxplained as e disappearance

2022 wit ( ~d inputgfU) Conrmed by BEST (4)
Berryman Hub. b 1756 But oscillation solution
Kipeikin etal, 210 T T

T T L —
§ L = Bugey-3 -+ DayaBy -+ ILL ~4- Palo Veru. Jﬁ ]
- -5~ Bugey-4 - Double Chooz - Krasnoyarsk =~ RENO AP

% Chooz <~ Gosgen = Nucifer £ Rovno88 STEREO

. exp KI
\=o74/%ra

exp
Rk

Caddedu etal, 2507.13013

Ruled out/tension with solar+
reactor+KATRIN
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‘Solar modeling and the Gallium anomaly I

o mo0lar  +KamLAND

MB

AGS

GS

AAG

SSM indep (wLC)
Ga-source exp

N 16 10
sin? 04 sin? 014

Incompatiblity is SSM independent

fo1074 18 1672 10T

00

100, : : : :
- I Solar+KamLAND RFC
| — Solar+KamLAND RFF

1071

SiIl2 914

10—2:

0.8 1.0 1.2 1.4 1.6 1.8 2.0

L (v —inferred)/L g

Compatibility)
& 10% of solar energy
not in radiation

MCGG, M.Maltoni, J. Pinheiro arXiv:2411.16840
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‘ Con rmed Low Energy Picture and MY List of Q&A I

3 scenario Robust determination ofi», 13, mM3%;,j M35 ]

— Mass ordering, o3 Octant, CPV depend on subdominanté&fects
) interplay of LBL/reactor/ATM results. Not statisticallygsi cant yet
) de nitive answer will require new experimenffalk M. Sorel)

« What about mass scale and Dirac vs Major%na7
— Only model indep probe ah  decay @ m?jUsj2  0:45eV (KATRIN 24)
— Dirac or Majorana? -less decay( Talk. M. Sorel)
— Cosmological effects”Steadily improving boundsralks E. Sanchez,.).

* Only three light states®Ro consistent/stable description/status of SBL anomalies

o Additional information on NP?
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‘Bottom-up: Light and New Physics I

If SM is an effective low energy theory, fé&r NP
— The same particle content as the SM and same pattern of dyynoneaking

X

1
L=Lsw+  —30n
n NP
— At dim=5 only 1 operator:
Os= —— L~ ~TLE;J- ) .M £ MajoranaMas$ -less decay
> P

Higgs Higgs m > m gtm 0:05 eV.

For 1) np 10°GeV  GUT scale
) Leptogenesis but no signatures in lab

For (Ye)?) ~p EWscale
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‘Bottom-up: Light and New Physics I

If SM is an effective low energy theory, fér NP
— The same particle content as the SM and same pattern of Syynoneaking
X 1
L = LSM + n 4On
n NP

— At dim=5 only 1 operator:

Os= -~ L~ ~T LE;J- ) 2 LM £ MajoranaMas§ -less decay
—Atdim=60Og¢ LLLL ,QQLL areLN conservingout can bd_FV so in general
C S i
LN i LF

) possible tadecouple
New Physicscale |y responsible for themallm from

New Physicscale g ( LN ) controlling signals at Lab experiments.
) possible signals in experiments: Non-standardinteractions (NSI), non-unitarity
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If | mixed withn extra state®) egp = (K3 3;Khp.3 ) Schechter, Valle (1980)

2 0 3
ee 0

1
0
Kiz 3=§is5 & . o §2 Uz a( ;)
Xing arXiv:1110.0083; EscrihuelatalarXiv:1503.08879, BlennowtalarXiv:1609.08637

For extra states witiv & 10eV oscillation experiments depend &n.3 3

) effects in production, propagation and detection
(not always consistently accounted for in literatus@ynov et al 2502.14980

Unitarity violation) effects in charge lepton observables (CLFO)
) for M & EW scalestronger bounds from CLFO

Averaged v Oscillations Flavour & EWPO [53]
90% CL m > 10 eV m > Mz

Direct Schwarz Direct Schwarz
Qee 8.4 x 1073 [108] - 1.2 x 1073
pp | 1.2x 1072 [117] - 8.6 x 1075
Qrr 2.9 x 1072 [110] - 6.0 x 10~*
Qe 1.8 x 1072 [105 1.4 x 1072 1.9 x 107 5.4 x 1074

4

lore] | 6.1 x 1072 [104] 2.2 x 1072 6.2 x 1073 1.5 x 1073
r 9.1 x 1073 [104 2.6 x 1072 6.9 x 1073 1.5 x 1074
|cvr ]

Blennow et al arxiv: 2502.14980
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‘NSI I

Effective parametrization. \§, = 2p 2Ge "7 ( L )f Pf); P=LR
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‘NSI In  Oscillations : Degeneracies I

Effective parametrizatiork\s, = Zp 2Ge "7 ( L )f Pf); P=LR

0 1
q 0 0 0
In matter with NSl a H ~ H = Uy % 0 —= 21 0 § Udac + HM + H NS
0 0 all al
0 1
1+ " " " "
p_ ee e e ' X Ns (r
HsM +HNS T 2GENe(N@ . 0o K with (1) RS
§ § § § f=pne e(r)
e
SoH ! H ( Probabilities are Invariant) if simultaneously:
2! 5 1 ("ee " )! ("ee " ) 2New"Dark”( 12> 3)region (solar)
m3, ! m3, and (» )1 (" " ) Lostorderinfo (ATM&LBL)
! S (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) 6 constant’ are not constants degeneracy only approximate
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Massive Neutrinos in 2025
‘NSI: Effect in Coherent Elastic -Nucleus Scattering (CE NS) I

Predicted by Freedman etal in 1974. First observed by COHNHREXperiment 2017.

do  G% 9 ME,

iE. %TF (2ME, )M (2— o7 )
Qo v e
4 [ng 4I\Ngn] ,". ,71

For neutrinos at/below 50 MeV, nuclear
coherence condition(q < 1/R) recoil
satisfied for a medium size o

nucleus (Ar, Ge, ... Cs, Xe) =~ Q8
q /

Q)
CJ‘

,96
Although predicted in 1974, it has .‘J“
not been observed until 2017! JJ Seconda

recons (heat)
scintillation

Freedman et al, PRD9 (1974) 1389 (ilovdzation)

By 2025: Observed in Cal708.01294 Ar 2006.12659 G€2202.09672,2406.13806,2501.05206
and Xe2407.10892,2408.02877
Rich physics program: precision EW tests, Nuclear physiaharge radius,
sterile neutrinos, light-mediators, NSI. ..
Explored by spanish pheno group&issi+ 2311.17168, de Romeri+ 2211.11905, Miranda+

2109.09545, 2106.11660,2008.02759,2003.12050,2082X) Alonso-Gonzalez+ 2307.05176, Amaral+
2302.12846; Coloma+ 2305.07698, 2202.10829, 2009.12006,08624,1911.09109; Baxter+ 1911.00762. ..
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Massive Neutrinos in 2025
‘NSI: Effect in Coherent Elastic -Nucleus Scattering (CE NS) I

Predicted by Freedman etal in 1974. First observed by COHNHREXperiment 2017.

do  G% 9 ME,
s ng (2ME,)M (2— 2 )
0? , V2 scattered
= - [ng ﬁ{vg”] : ;1 neutrino

nuclear

For neutrinos at/below 50 MeV,
recoil

coherence condition(q < 1/R)

satisfied for a medium size o
nucleus (Ar, Ge, ... Cs, Xe) (_:I.
oﬁ
Although predicted in 1974, it has .‘J“
not been observed until 2017! seﬁ:é)cnocllg e
Freedman et al, PRD9 (1974) 1389 Sogrens

By 2025: Observed in Cal708.01294 Ar 2006.12659 G€2202.09672,2406.13806,2501.05206
and Xe2407.10892,2408.02877
ForMyeq & 50MeV and NSI with quarkg effectin CE NS



Massiv NSI |n

With most general couplings to up, down and/or e:
Still important bounds on the NSI's

-OSC (and CE Ns): Global Analysis

28

— LMA-D allowed by oscillations

@
g

Adding CE Ns (M meq & 50 MeV)

sin26,,

LMA-D only above 2

NSI with quarks only (¢ =.0)
(Ax? =2.30,6.18)

D)
Ny
el >
\,‘4\\
\'\\k
\\\\‘
N ‘
Nvg
(~\‘\
-4 -3 -2 -1 0 1 2 3
&
EE(’

: ey Slar s KamLAND ) Maximum effect at future LBL experiments
10F =1 GLOB - OSCwNSIinES
— —= %I]JE)(,),EQOSCWNSIinESJr E n — ne + 2 + Yn ny + 1 + 2Yn nd
> or .
(5]
Lt ]
'>—<1 8 -_ = —- 6.0
‘—C'\] : 1@ : 5.0
E L 3 35 GLOB-0SC w NSI in ES+CEvNS Ax? = 2.30 ==
<t - ] 20 < GLOB-OSC w NSI in ES+CEVNS Ay? = 6.18 ==
. ] " NSI from mediators with My,oq = 50 MeV
°F LMA LMA-D E 001 |
0.02
A TP TP B B &3 o Ranges at 99% CL marginalized ‘
0.2 0.4 0.6 0.8 © o0

GLOB-0OSC w NSI in ES + CEvNS
& |-0.23, +0.25] @ [+0.81, +1.3]
[-0.29, +0.20] & [+0.83, +1.4]
[-0.29, +0.20)& [+0.83, +1.4]

[-0.18, +0.08]
[-0.25, +0.33)
[-0.020, +0.021]

e

of T T e
080 f 8 '

Err

0400 040 1.20

002 0 002

Eur

-0.40 0 040  1.20

Coloma, MCGG, Maltoni, Pinheiro, Urrea 2305.07698

0102 0 02 04

Eer

0402 iy 02 04 06
£,

006 12

See
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\From NSIto SMEFT I

In SMEFT NC-NSI for - and™ as well as CC-NSI are related.

Are -osc bounds still be relevant?

Recent efforts on consistently embebdding NSI contram&MEFT framework show
the relevance of the constraints from oscillations

}&/ lo interval
| Operators
- | T Non-Osc. Non-Osc. + Osc. + CEvNS
:t“% N/ [beglects | 0.76 % 1.80 0.07 + 0.30
gﬁfaﬁti Y &l —on 0. [cou) a1 | 0.110 4 0.091 0.058 & 0.076
< a1 . B Non-Osc. + Osc. + CEVNS
e ) cealpr | 0.19+0.27 0.11 £ 0.25
%Fﬁ—’ % % [éé}])]wn Unconstrained 0.07 £0.19
T 7 Sk S8 ok Coulrrit nconstraine —0. .
g@g‘f@%@ v U d 0.04 & 0.54
SN0 7\ Orlrtss = (119,41)(017"0)
/il SER- Bl BRI e \/ [OEZ’]HJJ: (16,01 (q;6"0qy)
= B g ¢ I Oulrs = G0
T gj W R E —_:z\ / Oudli1ss = (10,r) (0" d5)
g?‘é @ ge B _Qé EE % % Ocqlirss = (€70,7)(4,0%45)
Teegleenn  Cudeers  [Gudleen [;g,;)ﬂ]uwnl‘l Tetdunnt  lcealupn [5&53]111;5 aleent [ eu]IIJJ = (630’ _I)(Ujo"uflfcj)
Ocdlrrrs = (ejo,.7)(d50"dG)

Colomaetal2411.00090
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From NSI to light mediator models

ForMzo & O(MeV) ) Contact Interaction itdmae = "f = g o p2—

Coloma, MCGG, Maltoni ArXiv:2009.14220

30
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From NSI to ultralight mediator models

For ultralight M ©. O(eV)) mediator) Contact Interaction to Long Range Force

Coloma, MCGG, Maltoni ArXiv:2009.14220
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‘ Con rmed Low Energy Picture and MY List of Q&A I

3 scenario Robust determination ofi», 13, mM3%;,j M35 ]

— Mass ordering, o3 Octant, CPV depend on subdominanté&fects
) interplay of LBL/reactor/ATM results. Not statisticallygsi cant yet
) de nitive answer will require new experimenffalk M. Sorel)

« What about mass scale and Dirac vs Major%na7
— Only model indep probe ah  decay @ m?jUsj2  0:45eV (KATRIN 24)
— Dirac or Majorana? -less decay(Talk M. Sorel)
— Cosmological effects”Steadily improving boundgralks E. Sanchez,. . .)

* Only three light states®Ro consistent/stable description/status of SBL anomalies

o Additional information on NP?

— L -dependent NP NSI) modi ed matter potentia) Bounds
— Relevant information in the context of the SMEFT
— Relevant information for scenarios with light to ultralighediators
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Backup Slides
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Dominant information in ¢ vs —¢ appearance in LBL

2
. . B L . Ve L . B L L
Pe ' s53sin?2 13 31 6inz 2= sy 3y IE sih —— cos ——r
B 2 Ve B 2 2
2
ij = :I]E” B = 31 VE J = C13 sin2 2 13 sin2 2 23 sin2 2 12

) Each T2K and NOA favour NO
But some tension in value otp in NO

CP
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Dominant information in ¢ vs —¢ appearance in LBL

2
: : B L . VEL . B L L
Pe ' s&sin?2 13 —+ sin? —— +35-2 Slgin £ sn =~ cos —= cp
B 2 Ve B 2 2
-
ij = ::E” B = 31 VE J = C13 sin2 2 13 sin2 2 23 sin2 2 12
) 10 best tin LBL combination
Parameter goodness-of- t (PG) test:
normal ordering inverted ordering
2.=n pvalue # 2.=n pvalue #
) Each T2K and NOA favour NO T2KVsNOVA| 7.9/3 0047 20| 183 061 05

But some tension in value ofp in NO No statistically signi cant incompatibility yet
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Dominant information in ¢ VS~ appearance in LBL:
Each T2K and NOA favour NO but tension in value ofcp iIn NO
) 10O best tin LBL combination) b.f. cp 290, CPC disfavoured & 3.5

Additional information from in LBL vs . disapperance in MBL Reactors:

2 2
3 "s2. m2 10
12 21
2 2
2 2 4 S1p; M3 NO
mee m3I+ 2 2
Cio M35 [@)]

m +

Nunokawa,Parke,Zukanovich hep-ph/0503283

| NUFIT 6.0 (2024) |

1) Slightly better agreement in NO

DayaBay

Dbl-Chooz

=) LBL+Reac: NO and 10 equally good

1111 1111 L 111 1111 |
0.3 0.4 0.5 0.6 0.7 0.015 0.02 0.025 0.03
sinzq23 sinzq13



MaSSIVe Nenfrinnr\ in 2NDOK p NrAanrhAa CAn—2AalAa= GarCIa

NSELNS = 2 26" (L )f Pf); P=LR

Generically understood as:

q Z0
f f
Depending on Mediator Mass: 0SS 99
,{\a\ W\ M 2
\e(Po‘e“ Z°
walt=—" 0
o

37
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Flavour Parameters: leptons vs quarks

Leptonic mixing matrix
o) 1

0:80! 0:85 051! 0:56 014! 0:16
jUjs = @0:23! 051 046! 0:69 0.63! 0:78A
0:26! 0:53 047! 0:70 061! 0:76

Very different and precision very far from: .
0:97427 0:00015 022534 0:0065 (351 0:15) 10 3
iViecku = @ 0:2252 0:00065 097344 0:00016 (412*LY) 103 A
(8:67°%5) 10 3 (40:471) 10 % 0:999146% 050058
CP violation

NUFIT 6.0 (2024)
L L L L L L L L L L L L L ™ L L L I L L L

*
Uu,u, ™
z:—%ﬁ%%3 =
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From NSI to light mediator models

Coloma, MCGG, Maltoni ArXiv:2009.14220

Effective Lagrangian
LNS, = 2 26" (L )f f);

If understood as:

! 0
f f
1 g%
Foo_ 0.0n
qfql*’éGF Mzzo

) adapt the OSC+NSI t BUT performed in subspace of avour adiagl NSI

39
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P
CDM: m, < 0:064 eV (95% CL) But 3 tension with physican

P
With evolving DE: m ., < 0:163 eV No tension with physicain

DESI arXiv:2503.15744



