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Neutrino physics:
fundamental questions

&

CP violation
Neutrino mass ordering
Absolute scale of neutrino mass

Neutrino nature: Dirac or Majorana

Sterile neutrinos
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- Search for CP violation

- Measurement of Mass Ordering

12 mapTta 2026 Opwuit Kyaenko  UAU PAH CA® OPH PAH



Neutrino: CPV and Mass Ordering

Mixing
- CP violation in lepton sector neutrinos matrix quarks
Strength of CP violation in neutrino oscillations
8 0.80.5 0.2 l 02 .
Jcp = Im(Ue1UuzU*er*u1) = Im(Ueru3U*e3U*uz) viws~ | 0.4 0.6 0.7 Veru~| 02 1 001
= cos0,,sin0,,c0520,,5in0,,c050,,5in0,,5INd ., 04060.7 o 001 1
all mixing angles#0 — J,,#0 if §,#0 Quark sector: J¢, ~ 3x10°

Lepton sector: J.p ~ 0.04xsindp

- Neutrino mass ordering (NMO)

Normal hierarchy Inverted hierarchy

V3 Vs 5
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CP violation in lepton sector = BAU?

i - Baryon Asymmetr —ng
SM ca.mnot explain non-zero y : y vy L Yp ="E"E — (6.21 + 0.16) x 1010
neutrino mass of Universe (BAU) ny
See-saw model . ng 4o
CP violation in quark sector e <1076
(K, B, D decays)
too small to generate BAU M.Gavela et al. Mod.Phys.Lett 9 (1994) 795
L")
- Y o~ |J (m2 — m2)(m? — m2)(m? —m2) (mi —m?)(m? — m3)(m] —m3)
87| My (27)°
~10 orders below BAU value
Mp ~ See-saw model produces BAU
) by leptogenesis mechanism M. Fukugita,T. Yanagida, 1986
m ~-—D mp, ~100 GeV
| %

M, v,->M, <10"GeV

Np decays EEEEE) lepton asymmetry s, mmmm) partially transformed into BAU
lepton asymmetry from N, decays &, must be > 106

Baryon Asymmetry < Neutrino Physics ??
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CPVin PMNS &= CPV in Leptogenesis ?

Type | See-saw model
. . S.Petcov et al. Nucl.Phys. B774,2007, 1
SM + 3 heavy (RH) Majorana neutrinos N;, N, N, S.Petcov et al. Phys.Rev. D75, 2007, 083511

with masses M, << M, < M,
' 9 — : ind M
Leptogenesis takes place at temperatures 10° GeV <T < M, Yg =~ 3 x 10713|sin §p]| (sm 13) ( 1 )

0.2 10°GeV

he BAU can be reproduced, if | |sinf,3sindp| > 0.11

Normal Ordering

50
sin,; = 0.2 '
~0.02
» Daya Bay: sin@,; = 0.15 ,if sinéc.p > 0.75 ‘ |Jcp | >0.024
0. |
115 -1 <105 -10 -95 -9
Log,, Yz
141073 — 5.105L [ms=0.01ev
$12.505 12 0.59 10
U.Patel et al. JHEP 03 (2024) 029 - m, depends on 8.p S - Efiiﬁifi
Left-Right Symmetric ‘ - O¢p 1s the prime source of | . g
Model with double seesaw lepton asymmetry €, and Y, | .-

S(radians)
& (radians)
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Neutrino Mass Ordering

. . Ovzp
Mass Ordering -
NO or10? ¥ oL
Impact on
- Cosmology
- 01/2,8 decay 0k <— Cosmology
- Direct mass measurement ;
- Cosmic neutrino background (CvB) B —
Detection of CvB v +3H —» 3He + e  A.J.longetal. 1405.7654
Cosmology (model dependent): 800" T acoorey | NG ]
Limit/determination of }; m; = 60 meV (NO) or 100 meV (I0) f | e = 0001 eV TR Project PTOLEMY:
’. | [ : -100 g (1 Mci)
of Tritium

ov2p
Experiment: mg; < 28-122 meV (90%CL)
Theory 10: mg, = 20-50 meV

- Detection of
relic neutrinos
- 10 event/year

di'/dE, [yr'ev'|

0.06
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Golden channel for CPV search: v —v,

Probability of v —v, oscillation in matter

leading term
P(v, — v.) | = 4clyfsiyssssin’ Ajgfl X [l + ;\?::‘fg{l — 25?-3}} > 043
+  83,512813593(C120230080 — S19513523)COS ﬂrgfi'siu izgjl'sinﬂfgfl' > CP-even
- SC%-_::CHt‘-zasususggsailﬁﬂillﬂzgfi'siuiigjl'ﬂinﬂlﬁfi' > CP-odd
+ AsTocTa(Cla5s + 519533513 — 2012C23512523513C084 )Sin’ ATEEL > Solar
.
— 8¢l s74554C08 _’*ngﬂ iﬁ, Sillij;gjl.{l — 2s74), > | Matter
Matter effect

s. =sin@. c¢.=cosb.
v v v a[eVz]:2\/§GFneEv:7.6><1(Tsp[<% mg}Ev[Geﬂ

P(v,—>7v,) mmp a—>-a 69
change sign for NH —» IH
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Search/measurement of CP violation

Long baseline accelerator experiments

Direct search: compare oscillation probabilities
muon neutrino — electron neutrino
and
muon antineutrino — electron antineutrino

P(v, - V,)

CP asymmetry A.,

Vacuum —» AC = P(V/‘ _)V“)_P(‘_/ﬂ _)Ve) ~ AmlzzL, Sil]2912 .sind Matter effect
P P(V,u _)Ve)+P(l_/,u _)Ve) 4EV Sinel3 ”+" _ NO
II_II _ |O
\
— (VV_WE) B (17#_”76) o 7T sin 2912 Am21 X L
Matter =——> | Acp = Py,sve) T Plo,—0) |1am2ie tan 63 5in 2075 [Am2, sindcp £ 2800 km 6cr:1-0, 2-1/2,3-m,4-3/2n
Neutrino energy —E— /2

tuned to oscillation ) )
maximum with atm AprZ0 > SCP #0 — CP violation

parameters L. . . . . .
Sensitivity to CP phase increases using the value of 0,; obtained in reactor experiments
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~575 participants,
75 institutions, 14 countries
Russia: INR, JINR

E, ~0.6 GeV

Neutrino beam from J-PARC
Baseline = 295 km

Data taking since 2010

i} SuperKamiokande

Toyama

o d

‘Ka'rhiokawne T S == S LI

v

Tokyo

: : ToKyo/Né?ita~Airport
: Y, -

. o

T2K simulation
vacuum + matter
Acp =-0.28sind +0.09

P i ‘a ¢
. ‘,.-‘ v

Matter asymmetry




T2K: hint of CP violation

v- mode: 21-4X102§0POT 35% of §p values excluded at 3¢ marginalized over hierarchies
v-mode: 16.3x10" POT CP conserving values (o.p = 0, 7) excluded at >90%

Eur.Phys.).C 83 (2023) 9, 782

o8 T2K Runi-11
" _____ =
Q i . |
¥ ¢ T2K + Reactor 0,3 (sin2 20,3 = 0.0861 * 0.0027)
BT 24— 0 S . S )
= I N
m : " o~ 30 T T T T T T T T | T T T T I T T T T I T T T T I T T |
§ 22— % TET2K Runl-11 Preliminary ]
= - LS L — Normal ordering u
- 25— —
§ 20— 5 P Inverted ordering ]
£ 18 \ 20— toCL L
£ [ —sin’0,=045,050,0.55,0.60 8 90% CL |
2 5. — Amgz =252x107 eV? B 20CL .
c L - Amj, = -249x107 eV? 15— [JsocL —
E : O 6CP =7 = ]
< 14 T m d=+m/2 C -
- O 85,=0 O Frequentist results =
12— ® O, =-m/2 C ]
I 68% syst err. at best-fit glr .
10 __ v Best-fit -
C —6— Data (68% stat err.)
C oo o by b e by by 0 . p——t—L == -
& 20 40 60 80 100 120 140 & ki ~t ¢ 1 2 o,
Neutrino mode e-like candidates

Best fit: 6. ~ -m/2 > close to maximum CP violation

Normal mass ordering is preferred at 80% CL
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Mass ordering: SuperKamiokande + T2K

SuperKamiokande

0.6

0.5 SuperKamiokande

804 - Atmospheric neutrino

L5 sensitive to mass ordering
due to matter effect

- MSW resonance at ~ 10 GeV

2V2GpN E, = Am2,c0s20;3

Cosine Zenith Angle
Cosine Zenith Angle

2 0.2

0.1

0

Energy (GeV] Energy [GeV]

SuperK is sensitive to MO
//TZK\is sensitive to CP

20

T2K Run 1-9 Preliminary
e e e B i e e

[ — Shl\ IV Expan!:ie daéa fit ] 355 ' '_
o W e o W Nomd Joint analysis SuperK+T2K

— Inverted

" I Normal . el e .
; - increases sensitivity to MO

- slightly increases sensitivity to CPV

-2Aln(L)
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Joint SuperK/T2K analysis

Data corresponding to Super-K 2019 analysis : 21

(prior to Gd doping) and T2K 2020 oscillation T2K:3.6x10% POT Phys.Rev.Lett. 134 (2025) 1, 011801
analysis (no multi-ring far detector sample, older

systematics implementation).

LA L B B B B 7 T L L L 7 ———T

Two experiments share the same & 3pITNTT T L 9 2 aF =
= - —SK+T2K A 'z E Prior uniform in & =
detector (SK) - TIK ] S 200F : . . CP 5
Py —_ ] Z = J Prior uniform in sind, 3
Samples from the two sources have - SK (+ND) 1 5 180F ce o =
overlap energy range and among which, C — 10 . T 160 4 e 26 =
share similar selection cuts e 20 E - g T T— 3o 3
« T2K ND can be utilized to constrain the xsec C ] 1205 =
uncertainties for samples of the same energy O B 100E- . Marginalized over E
range - . E po hierarchies E
Increase of statistics -1 = 80E- Lo E
- ] 60 ' i =
- ' -2F ] 40 ; : =
Comparison of the normalized flu;(zof the selected samples C il 20:_ E
% = T2K FHC 1Re %0.1& ::::;::.mm.m’ 3 _3__ T : .".. -f:. il ‘__ 0: . | ) ) — - 2 i , ) . | , -

5 0% Tt 4 o { 035 040 045 050 055 060 065 070 075 -004 002 0.00 0.02 0.04
E 02 T2K FHC 1Re ] E::; T2K FHC 1Ry : sin2923 Jep = 815613812€128236258108cp

- 0.15 — - 0.1 .
0.08 SK Sub-GeV p-like 0-1dcy ice
0.1 SK Sub-GeV e¢-like Odcy - a_ns[ et e cy_ SuperK+TZK analySIS'
1 o ] - excludes CP conservation at 2.0c CL
0.02)
ittt O S - prefers maximal CP violation, §.p~ — 1 /2

4 45
True E, (GeV)

- preferred NO at 1.2c CL (about 90%)
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Experiment NOvVA

NOVA (USA) Taking data since 2014
Near Detector Study of vV, oV, and VDV, oscillations
Neutrino beam from FNAL to Ash River
Baseline 810 km Protons on target
E:ru;:tne(::tboia'mllll“k?f:?\g o:f-'aXiZ lori v: 26.6x10°° POT
3 -grained calorimeter 7+ 12.5x1020 POT

65% active mass
Near Detector: 0.3 kt fine-grained calorimeter

QMilwaukee

Fermilab NOvVA detectors A NOVA cell
2

Chicago™

To APD
Extruded PVC cells filled with [ \

|

11M liters of scintillator ‘ =
instrumented with :
A-shifting fiber and APDs

Neutrino beam

T T T T T T T T L

| * on-axis i
0r__ 7 mrad off-axis
— 14 mwad off-axis
— 21 mrad off-axis

wo 09st

Far detector:
14-kton, fine-grained,

Ty low-Z, highly-active
tracking calorimeter
32-pixel APD — 344,000 channels
—
: g Near detector:
Fiber pairs e
from 32 cells 0.3-kton version of dcm % 6cm
0 — the same

8 10 — 20,000 channels

4 6
E, (GeV)
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NOVA: CPV result

Phys.Rev.Lett. 136 (2026) 1, 011802

L A
:Dnrc;tg)ln: ;8;; "Bt 45i ?;“Dp;:::”‘“ range Both MO Data are in the region where
v 26.61x102° POT 4%10_), — Normal MO 1 CP violation and matter effect
4o S 40r —Inverted MO ] degenerate
YA 20 NOvVA o nverte ]
v: 12.5x10°° POT T | _
35 §
i B S :
Ew303066P=0,2n ]
384 v, 11.3 background < les = ] - Preference for NO
— 251 w5, =3n/2 ] -
106 V,, 1.7 background = Sep =3 : No CPasymmetry observed for NO
[ cP T~ 1 .
181v, 61.7 background T T CP conservation excluded at >3 for 10
32v, 12.2 background All v, candidates
e e
10
NO preference 87% NO \
s Do B L] O7 | Bayesian Creli-int. ™~ T Marginalized Separately / 0.7 FBayesian Greb. nt. | Margnalized Separately |
I~ With 2D Daya Bay constraint ] C 68% CI - over orderinge, Norm 1 L oo . Int. Mardnaized separdtel o]
weer= Inverted | Normal " [ ¥ NOVA HPD I ]
i Ordering | ) Ordering | 06 | ] 06 | - ]
0.04 L BES : 1T O2s ] o i o [
- [Jso w/ 2D [l (3o - ‘7% 0.5 ‘f‘% 05 [ .
I DEVEN T ] [
o _Bay_Jup ] 04 [ ——NOvA —-NOWAST2K 04| ——NOvA —-NOVASTK ]
L + 1 —— NOVA (previous result) === T2K 1 [ = NOVA (previous result) ~ ===== T2K R
1 . - T2K+SuperK ] [ - T2K+Superk 1
o 2‘6?25;2‘42.3“2'324252‘6- O%;{%z’“‘ Uﬂéé%zﬂs
26 25 24 . 3 24 25 2. 5 -
Am§2 x10° eV?2 cP cP
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CP and MO: T2K and NOvVA

6 = -t /2 favored

Tz K mmmm) | Large range of values of §
around +mr/2 excluded at 99.7%

Best fit 6 =0.821
NOVA ™= | Excludel06=m/2at>30
Disfavor NO § =3m/2 at ~ 20

Features/sensitivities T2K NOVA
NOVA (v + V) prefers: Proton beam 30 Gev 120 Gev T2K (v + V) prefers:
Normal Ordering 295 km_ 810 km Normal Ordering
CP conservation Peak neutrino energy 0.6 GeV 2 GeV o~ —n/Z (3_7[) (max va)
Octants Ndegenerate Detection tech FGD and Water Cherenkov Segmented Lig scin. bars an octant 2
CP effect 32% 22%
Matter effect 9% 29%

- T2K and NOvVA continue data taking

T2K-NOVA joint analysis

No strong preference for either MO, however if 10 is true within 3-v mixing paradigm,
Nature 646 (2025) 8086, 818 »

then T2K-NOVA joint result provides evidence of CP violation in the lepton sector
(6 = 0, T outside 30 interval).
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T2K: short baseline,
Ocp is independent on NSI

NOVA: larger matter effect,
Ocp is affected by NSI

12 mapTta 2026

Possible explanation: matter non-standard interactions (NSI)

T2K - NOVA tension

Chatterjee and Palazzo, PRL 126, 051802 (2021)

SM SM + NSI (&)
0-70: I 1 LI 1 ! ! ! LI | ! LI I | I I 1 . 0_70_ T T — T T T T T [ T T T T [ T T T T ]
: S T2K NO - T2K NO -
0.65F NOvA E 0.65F . NOvA E
0.60F S 0.60F S
% 05507 3 «~ _F > ;
£ 0ssE ] O 0.55:3L y N -
e u - Ng : ( E
7 0.50F C ‘7 050 A y =
i ] E'/Z b //' E'
045 - 0.45F > = -
of 3 3 E
040F  68% & 90% CL 2 dof 1 %% [, = 0.13, ¢y = 1.357] ;
0.35- YR T T TR NN TR TR TN SN N SN SN S S SN S S S . 0.35_ [ TR TR TN NN SN SN SN SN NN TN MU SN SR NN SN SN S R
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Ocp/m Ocp/m
No change in T2K allowed region > NS|<+— Strongly modified NOvVA regions
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Near future CP and MO:
JUNO, DUNE and Hyper-Kamiokande

aaaaaaaaaaa



JUNO (China),
reactor experiment,
begun data taking
in August 2025

GUANGZHOU
JIANGMEN

ENPING.

3

@

TAISHAN
NPP + TAO

YANGJIANG
NPP

20 kT LS-based
neutrino detector
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Prompt event - Reconstructed energy: 6.3 MeV

JUNO: MO

JUNO first events

Delayed event - Reconstructed energy: 2.4 MeV

Most precise measurement of “solar” oscillation
parameters after 59 days of data taking

A. Abusleme et al 2025 Chinese Phys. C 49 033104

JUNO-only mass ordering sensitivity

Reactor V. signal IBD event number (x103)
50 100 150 200 250 300

-

ot

sin?0;, = 0.3092 + 0.0087
Am3,= (7.50 + 0.12) - 10~ 5eV?

sin?0;,  AmZ,

PDG 2025 3.9% 2.5%

JUNO 59.1 5 8% 1.6%

days ’ '

s 6 years i 29 years : 8
102 - | | E S
F = Stat.+syst. 3 ™
------------ Stat. only ﬁ
.................... ® Ami * Ami 2
X 10t e TITe— « sin6: ® sin®6;3 ©
= e T 3 @
< g
=] a
g %
g__’ 10° _?5’
<
g ()
=] o~
© ~
] S
o 107t N
[S
-
5}
L
IS
QL
[y
=
S
<<
<

30
o o i
B 1 102,—J . “HH‘S [ “5—,
= 1 . 102 10 104 10
B ! NMO 36 in ~7 years JUNO Data Taking Time [days]
| —— NO: stat.+all syst.
1
- ! — 10: stat.+all syst. | — — > >
I T R NO: stat. only | sin“6,2 sin“6,3 Ams, Am%,
co I0: stat. only PDG 2025 3.9% 2.8% 2.5% 1.3%
L [ T Lo T IR S I P T S I R R
0 2 4 6 8 10 12 14 16 18 20 JUNO 6 years 0.5% 12.1% 0.3% 0.2%
JUNO and TAO DAQ time [years]
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DUNE

USA, Fermilab >1400 collaborators from >200 institutions E, = 60-120 GeV
Beam power 1.2 -> 2.4 MW

On axis neutrino beam

Far Detector Near Detector Neutrino Beam Ev~ 1- 6 GeV
‘ L=1300 km from FNAL
Sanford e l to SUREF, S.Dakota

e

Underground
Research
Facility _

.
-

Fermilab

L ——————
Yot o

"

="

-
!

'x\:m“m\\h\ﬁ(‘ !
," & ‘\; = =

Phase I: LAr TPC 2x17kt modules in late 2020s, ND, proton beam 1.2 MW in 2030
Phase Il: Lar 4x17 kt modules, ND, proton beam 1.2 2 2.4 MW
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DUNE: CP and MO sensitivity

. L.Perez-Molina, EPS-HEP 2025
Staging approach CP ’
13 5 FTrTTT ‘ 7T I T ‘ T I T TT I 1T I 1T | 1T : : 1T I 1T -I 1T -I 1T I 1T I 1T I 1T [ T :
-V =1:1 - DUNE Simulation —— 222 E'm-veafs ] 12|~ DUNE Simulation — Se=-w2 3
v - v = - 8 1201 - All Systematics 1o vari;ﬁonsis;?i::timics E B - All Systematics — 50% of Ocp values
2> 10,5 Normal Ordering systematics, and = > 10| Normal Ordering ——— 75% of Ocp values ]|
E r oscillation parameters ] E B E
% 90p E @ al 1
J: 3 c 8¢ .
itivi o PF E o | )
Sensitivity to &, A TN E 2 o E
- 10 years data taking — 5 48 E 5,
- 7 years data taking o 300 ] o
O is o 2
L1 1 ‘ - I Ll 1 | ‘ 111 | Ll 11 I L1 1 I -] I | -] 11 1 I 1L 1 I 11 1 I L1 1 I 1l 1 I 1l 1 I 1l L {
-1.00 -0.75 050 -0.25 0.00 025 050 075 1.00 % ~"200 400 600 800 1000 1200 1400
Ocp/M Exposure (kt-MW-years)
Sensitivity to 8, MO
- 10 years data taking 36 TIrrr | L I-\ TT 7T "-I TT17T I L | TT1rrT I T T 71T I TTrTT 12-0 L I T 1 -\ T I T -\ L " L I T 17T I L l7
. 5 DUNE Simulation — ggﬁ ::’m’!’eafs & 1050 DUNE Simulation —— MO Sensitivity ]
= 7 yea rs data ta k|ng \ T 321 Al Systematics lovmi;lion;i?::Iimhs T [ AllSystematics ]
\ Normal Ordering systematics, and ' = 9.0 Normal Ordering
: oscillation parameters _E "L 100% of &¢p values ]
(2] - 4
c 75 —
3 - 1
. . 6.0 -
- Solar and atmospheric neutrino 2 2 % E
. o © 45F -~
in 2029 21 = s 1
O O 30 .
. . 2] (2] F B
- First neutrino beam data a ° g I ]
. = 4r = 15 o . Dy
are expected in 2030 T T T T T P T L1, E———
-1.00 -075 -050 -025 000 025 050 075 1.00 0 1 2 3 4 5 6
Bcp/m Years
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Hyper-Kamiokande

Japan. Project approved in 2020, construction begun in 2021, operation will start in 2028
> 500 collaborators, 99 institutions, 20 countries

Physics program:

- Search for CP violation
- Neutrino oscillations

- Proton decay

- Neutrino astrophysics

The Sun in Neutrinos

7
L

‘ N 2 Solar neutrinos
-neutrinos. - - M e ~

Water Cherenkov detector
71 m (height) x 68 m (diameter)
Total mass about 260 kt

Inner Detector:

20000 50 cm PMTs + mPMTs
Outer Detector:

~4000 7.5 cm PMTs + WLS plates

Proton decay

'
1

Super-Kamiokande

Mt.Noguchi-Goro Dake
2,924m J-PARC

Near Detector \
A

Mt.lkenoyama
|

|

¥1,000m
Neutrino Beam

295km
22

da-OhH-PAH




Sensitivity to CP violation (I)

Projected HyperK sensitivity to CP violation : Hyper-Kamiokande, arXiv:1805.04163
- 10 years of data taking,
HK IOIye‘m;s (270E22 ‘POT 1|:3 Iv:_)

II— Statistics only T - = 1.3 MW beam power - 2.7X1022 POT

-------------- Improved syst. (v./V, xsec. error 2.7%)
- T2K 2018 syst. (v/V, xsec. error 4.9%)

0 exclusion ( \/TXZ )
N

E; : Expected number of events at HyperK
S o E for v,:v, =1:3 and sino., =0
g 2300 v, 1300 v,
True normal hierarchy (known) cp Exclusion of CP conservation

sin(6,,) = 0.0218 sin%(6,,) = 0.528 |AmZ,| = 2.509E-3

D SASEE R T T T T T T T i
& = )
Measurement of §p S
- o
- 3()?_. i S Bl e e T = = ?6 70 :_ : :
8 r [ True 8o, =0° ] ug 60 =
2 o5k ] e By =907 £ g
< C ] =
= F E g OF
uoU 20 — 1o ~19° for o . .A......f..-.,...,‘.;.;._..:: -g 40 :——
g B true dcp = —m/2 = —90° 3 E =
5 15 | e ~7° for true 6cp = 0 ' - ;tn) 30
= : ] 5} -
E 10— - % 205_ " ——— Statistics only
- E > 10E , mEmana, Improved syst. (v./V, xsec. error 2.7%
sE Statistics only T & / r T2K 2018 syst. (v./¥, xsec. error 4.9%)
. Improved syst. (v./¥, xsec. error 2.7%) . © ol e b e b s L
[ e T2K 2018 syst. (v,/V, xsec. error 4.9%) | | | | B H K 0 limi 1 2 3 4 5 6 7 8 9 10
0 b by v v v v b b by by yper-K preliminary .
Hyper-K grelimir}ary 2 3 4 5 6 7 8 9 10 True normal hierarchy (known) Years (2.7E21 POT 1:3 vv)
. -2 _ 2 - 2 |-
True normal hierarchy (known) HK Years (2.7E21 POT 1:3 vV) sin%(8,,) =0.0218 sin’(6,;) = 0.528 |Am?,| = 2.509E-3
sin’(0,,) = 0.0218 sin*(0,;) = 0.528 |Am3,| = 2.509E-3
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Sensitivity to CP violation (I1)

Hyper-Kamiokande, arXiv:2505.15019

Current T2K result Projected Hyper-K result after 10 years data taking
T2K Runi1-11
o 26 2 2600 =
© T © _
2 ol S 2400 B,
'8 24 B '{% C
< - S —
[$) - 2200—
2 22— . % - [
o b % & 2000 E
o 20— n o C
he] — N ] _
N —

g8 “ £ 1800
o 18— .5 e -
£ [ —sin’0,,=045,0.50,0.55,0.60 5 1600~ —sin’0,,=0.45,0.50, 0.55. 0.60
5 F  — Am},=252x10"eV? 3 - Ami = oy
S 16— 2 SV o - Am3, =2.52x10" eV
£ - ----Amj = -249x107" eV £ 1400— -—-- Am3, = —2.49%10°° eV2
E 14—_ Q 6CP=n < — O SC.P:TE

o u gcpfg“n 1200 — m §.,=+n2

I O Ogp= C O d.,=0

12 @ dg=-ni2 1000— o & ——nn
[ [ CP
L. o systerr. at best-fit - 68% syst err. at best-fit for T2K syst. Ref.[4]
10— v Best-fit 800 — 0/ exr 2 ; e
I~ —o- Data (68% stat err.) - ]638 Yo i_y SEGeSr:. at best—f)u for Improved syst.
L . ~ == Best-fit %0 stat err.
8 - 1 1 1 I 1 1 1 I 1 1 1 [ 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 600 __ | | | | |
0 20 40 60 80 100 120 140 e P e e
Neutrino mode e-like candidates 1000 1500 2000 2500 . 3000
Neutrino mode e-like candidates
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Hyper-Kamiokande: Mass Ordering

HyperKamiokande 10 years of data taking Hyper-Kamiokande, arXiv:1805.04163

---------------- LN Y O B
gy 2im + Beam [True Hormal) cirf 6, =0.4

HyperKamiokande, atm neutrinos

(=1
T

——— 2im + Boam (Trus Hormal) cirf o, =0.6

—fl— 2im + Bsam (Trus Mormal) cirf o, =0.8

——d— Aim + Beam (Trus Inveried) cinf &, =54

n
T

——ii—— &im + Bsam (True Inveried) cin’ &, =36

= &im + Esam (Trus Inverisd) GIF e, =38

Wy Wrong Hierarchy Rejection
o

f—

"\".ﬁf Wrong Hierarchy Rejection
f =N

—_—

1F . Atmosphenc At + Beam
B - neutrino
ul_l | 1 1 1 1 | 1 1 1 1 | 1 11 1 | | | | 1 1 1 1 | | | | | | 1 1 1 1 | 1 11 1 | I_I MaSS 2.2 O- > 3-80-
1 2 3 4 5 6 7 8 9 10

Running Time (Years) ordering 490 > 6.20
220 » 6.20
l6oc —T> 360
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Absolute scale of neutrino mass
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Neutrino mass observables

cosmology
model dependent
- ACDM

Mg = Z‘m?IUm-I2 mE:Zmi
i

[-decay (kinematic)
model independent

double beta decay
model dependent
* lepton number violation

+ light Majorana neutrino exchange
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Direct measurement of neutrino mass

KATRIN: measurement of the beta decay end-point of tritium (3H)

<

70 m beam line

\ 4

[ —_————

KATRIN, Science 388 (2025) 180

Experimental signature:
+ Speciral distortion at endpoint

it h_l_..___"" - —B 7. _=.l L._ h = ’ it A Precision spectroscopy
T o] e = | i i

rear windowless ) T removal and ] % main spectrometer # S " pixel )

section tritium source \808 e- transport as high pass filter — * Sidet E
{ KATRIN data with 1 ¢ error bars x 50 |
W — Fit result 2 +0.13 2
Q10 N .
8 ms = —0.147 eV
i} o) Y% O s 1 5
© g
= [ romalization l
3 10°¢ . ;
o E endpoint background 3 C
3 l ‘m,, < 0.45eV (90 % L)‘
|

—~ -40 30 -20

12 mapTta 2026

-10

0 10 20 30 40

October 2025: KATRIN Completed 1000 days of data at endpoint
for projected sensitivity m < 0.3 eV (90% C.L.)

Expected final KATRIN sensitivity < 0.3 eV (90% CL)

NAN PAH

Opuit KyaeHko CA® OPH PAH
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Ov2[ decay: experimental status

KamLAND-Zen C. None, talk at Nuphys 2026

o/ 136 8 ;
750 kg Of 91%) Xe § E § g E; IéID mBB [meV]
T.5(1%Xe) > 3.8:10% yr (90% CL) ol N = IQ % IQ g |
= m (0] ~1\ .g 2 n :E w o [
<9\maa< [28, 122] meV (90% CL) > c] 1‘ [ 811 ogcl
A o T
Upgrade I I I © o E:
=B I bl
After 5 years: Tq,2% > 2 x 10%7 yr 11 I gI 1 uLe_'
gi2i2elg 2]
SNO+ B i o (i 8 B ;:
o - a | ¥ 9 Z X >z
760 t liquid scintillator & £ 3
1.3 ton of 3%Te for 0.5% loading % =
: e \ r
Projected sensitivity Y l Y '1
130Te 136Xe 7GGe 100MO/130Te ‘ “ ‘
T.,5(13Te) > 1.8-10% yr (90% CL), 3 yr with 0.5% 1 10 100
T,,(1°Te) > 7.4-10% yr (90% CL), 5 yr with 1.5 % Lightest neutrino mass [meV]
LEGEND-200 (10 y livetime - 240 kg Mo + 5 keV FWHM)

Full CUPID # T, > 1.4 x 107 yr

200 kg og 90% Ge-76 in GERDA infrastructure
§ 08 7V mgg < (9.6-16) meV

Projected sensitivity

ot _ 100
T, ,("%Ge) = 1.5-10% yr (30) 10y livetime - 1000 kg ***Mo + 5 keV FWHM

CUPID-1T # T, >1x10%8yr
Mgg < (3.8-6.3) meV
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Cosmology, DESI: Xm,

Oscillation data, assuming mass of lightest neutrino =0 KATRIN + oscillation data

(Z m,,)NO > (58.980£0.304) x 107 eV, (Z m,,)lo > (99.824+0.581) x 10726V, xm, <1.35eV
Cosmology

Planck 1807.06209  Planck 2018 + BAO < 0.12eV

Dark Energy Spectroscopic Instrument (DESI) (Mayall 4-meter Telescope in Arizona):
3 year measurements of BAO from 14x10° galaxies and quasars
Combining these data with CMB + Atacama Cosmology Telescope, assuming ACDM model

m, <61 meV (95% CL)

Planck 2018 + ACT + DESIDR1 N, = 2.86 £0.13

arXiv:2504.18464

arXiv:2503.14454

Evolving (dynamical) dark energy

xm, <152 meV (95% CL)

12 mapTa 2026 HOpwuit KyaeHko
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Neutrino anomalies
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Light sterile neutrino ?

| Ga anomaly 3v + 1vg
LSND/MiniBooNe anomaly
_ _ 3v, NO
Vy = Ve R _pexp/ptheorv = 0.87+0.05 ’ Vs
87.9 +22.4 + 6.0 events e v, v, v, ? Vi E—
Excess 3.80 1.1 SAGE Cr Vi e 2
“;wzr““‘ - T — "E ﬁ.m14 ~ 1 EVE
JE—' i i} Er]liBooNE % 10
3 90% CL 2
A & Moo | g Pt G OO rr. y V; A
= géxozngENz '§ . P |
< OPERA 5 I I @ I i M ;TN ¥y [
« | v
L :E)/ 0.8 2
g Y
o7 GALLEXC2 SAGE Ar PMNS matrix
E-rewr Reactor anomaly _ \
N 2 .2
i ‘1‘0‘4 10L |1t;:’ s} 0937 i 0027 Ve Uel UeZ\ U€3 e4d Vl ‘Uedlz_snlzeld , }
— : U, , =sin"0,,-cos 0
12— —— / T Vil _ U,ul U,u2 U,u3 U,u4 |V U- “L _ EBM ZGM 20
115 ¢ 1 . 1. 1T o - - 4| =sin"0,,-cos™0,,-cos 6,
Bhd B e | [V lYUa Un Us ||Usf | v
§ 1o - M_ e B a0 z s N ~ 1 T2 rT 2
—E 4 ¥:z —‘F . 3 ¢ —I;E _VS | USl l]S2 US3 l]S4 _V4_ PJ/e—H/e ~ 1 2 [ e4| (1 ‘[ 654‘ )
% 0.95— B o
§T2009.:’— 4 :l:;; i b 1 4L 2= . Pvu_"’/yﬂ ~1—-2 D'u4|2(1 — D,u4|2)
= T x — 1 | . Connection between Appearance |
’ 2@a= - ~ T 2 T 2
o T ha and Disappearance channels Py —ve 22 2\Uecq|"|U 4]
% ; eeee 4
- | | | = . 1 .
“I)‘ D:smr:ceto Re;étzor(m) | | | lul)’ Siﬂz 296# = 1 Siﬂz 2986 Sjn2 29#”
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KATRIN and MicroBooNE: v, search

MicroBooNE, Nature 648 (2025) 8092, 64-69

KATRIN, Nature 648 (2025) 8092, 70-75 o n
i Two v, beams at FNAL:
i BNB 6.369 x 10*° POT . o
10° - 10} NuMI 1,054 x 104 POT - Booster neutrino beam (0.57% v,)
~ (@5%CL) < 7 - NuMlI beam (4.6% v,)
(Ss;gs/f%u :g: 3 ¢
102 - Prospet;t' s g Excluded
(95% C.L.) [
_ G0 ©E Lonn s L (allowea Break the degeneracy between v,
%3, S‘Esmemsms - MiniBooNE 95% CL (allowed) )
& 10 o o U S Y E U0 S appearance and disappearance
b5 (95% C.L.) sin?26
I“Ze:;”m'“ " %L y,CCFC MicroBooNE BNB 6.369 x 10 POT
s BT Y “
10"  KATRIN sensitivity i b e T t +++++
+t f7.
KNM1-5 (95% C.L.) [ W GALLEX+SAGE+BEST 20 (allowed) 0 et 1H
KATRIN exclusion M Neutrine-4 2o (allowed) :_-h_——__t__+ Lo+
KNM1-2 (95% C.L.) 101 . 205\ ccPc +++ b
10~ - g § 10 1 ++ + +++++
sin? (20ee) NE: ER
< 4 - MicroBooNE 5150:_\ CCFC M|<_:+r_oBooNE NuMI 1.0?:;;: POTC
. . . " BNB6.369x 107 POT & b 4t " s,
Results of five measurement campaigns with 36 x 10° - nawiostsionpor .
o, . o r— 8, pro ’ s 505 4
electrons near the tritium B-decay endpoint: N Y S ..
. 0 sin? 80Fy,CcCPC d
- 95% CL contour of Neutrino-4 is fully excluded, 2 3 +++*++ o
E 4 +++.+.+ s T
best-fit point is rejected at 99.99% CL; TSRS Shar i
. Reconstructed E, (MeV)
- alarge portion of parameter space of the reactor
anomaly is excluded:; - Single v, interpretation of the LSND/MiniBooNE anomalies
- most of the parameter space favoured by the Gallium is excluded at 95% CL.
anomaly is excluded - A notable portion of parameter space that could explain
the Gallium anomaly is ruled out
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SBL experiments at FNAL

Detector Distance from BNB Target | LAr Total Mass|LAr Active Mass
LArl-ND 110 m 220 ¢ 112 ¢ arXiv:1503.01520
MicroBooNE 470 m 170 t 20t
ICARUS-TE00 G600 m TGO t 476 t
i .z v, = v, appearance
470 m. 86 t 110 m, 112t : I uswowes
600 m, 470t -
- > . ’ [ Lsnp oo
----- 10F ., [ clobai 2017 16
5 [ Gioval 2017 26
B I Giobai 2017 3
i +  Global 2017 best fit
| — SBN 3o
===+ 8BNS5o

Booster Beam
a2 Rl

TesmeTssee"

BN Seramr=a)

I SBN sensitivities assume expasures of
6.60x10%" protons on farget in ICARUS and SBND
13.2x10°" protons on target in MicroBooNE

.
b
.
.
.
*e
e
.
.
b
.

.
.
*e

Global 2017: 5. Gariazzo et al., arXiv-1703.00860 [hep-ph]
L L

Test of LSND/MiniBooNE 10* 107 107 10 1
anomaly sin°20),,

ICARUS: commissioning in 2022,
took data from Booster and NuMI beams in 2023
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JSNS? at J-PARC

Proposed in 2013, data taking begun in 2020

Short-pulsed 3GeV, 1 MW 3 GeV proton beam, 25 Hz repetition rate at J-PARC

Detector: gadolinium (Gd) loaded liquid scintillator (LS).
arXiv:2602.06274

MLF building (bird’s view)

Data collected in 2022,

Expected sensitivity
about 7% of POT approved

10 g , .
T — e = T for experiment
PR PSSR (JSNS?, JSNS?II near detector) 3 F = | | Lswooncr
17t GdLS fiducial (target) T T | | - LND 99 L 2
detector (4.6m dia. x <10 P OFERARIIOTH SNCL :,:'1 0 e
4.0m height, 120 10” PMTs) E i ;;>- E | £5E: OO
L i v -
: &' =
1E : E
E : = 10 E
3GeV pulsed L \ B
Detector @ proton beam 10" E TS L
outside of MLF : 5 T == E ; \ 1= <
{8 850i froen aeget /7) Searching for neutrino oscillation : v, > v, with i E T
ll/ baseline of 24m (near), and 48m (far) ot il TR -
= 10 107 1072 107" B
. L
(JSNS-II: oy Curren:'JSNSj;‘ ) E‘ ! ‘ sin“26 '
far detector) ; = : ?,,; 1 0 E JSNS? 90% C.L. exclusion
o Sl : : E
32t GdLS fiducial : B [ | snpoowcL.
(6.2mdia. x “:c(,ve,s the r - LSND 99% C.L.
it 6.9m(h) '} "(glo!’alﬁfi"dicatN 10—2 (| 1 [N Lol 1 [N
~22010"PMTs) | M Penensul, P0G freglonmicely 104 10~ 102 10" A
e T e e e e e sin“26
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Conclusion

Neutrino is a unique laboratory to study Physics Beyond SM
CP violation and Mass Ordering — primarily targets of current (T2K, NOvA),
and near future (DUNE, HyperKamiokande) accelerator experiments.
Mass Ordering is the main goal of JUNO which begun data taking in 2025
Hint on maximal CP violation in T2K for both, NO and 10
CP conservation for NO and maximal CP violation for IO in NOvA
SuperKamiokande, T2K and NOvVA prever NO of neutrino mass

Cosmology prefers NO? Extension of ACDM ?

Interpretation of LSND, reactor and Ga anomalies in 3+1 scheme with a single v
is mostly excluded
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Cnacubo 3a sHUMaHue
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Backup slides
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Neutrino oscillations and mixing

Standard Model: neutrinos are massless particles

Ve |4 Uel Uez Ue3 U parameterization:
3 families v, =U|v,| U= Uﬂ1 Uﬂ2 Uy3 three mixing angles 0,, 0,; 0,
CP violating phase 0.
Ve & Uy U, Us
Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix
atmospheric link between solar
atmospheric and solar /o

v (1 0 *0 cos); O cost), sing, OYv

e

-sind,, cosf, 0| v,
0 0 1A\v

v, |=| 0 cosb,; sind,,

SuperkK, K2K, l
MINQOS, T2K, NOvA

T2K Daya Bay, RENO Solar experiments, SuperK
Double Chooz

( \ KamLAND

923~450 913 ~ 8.50 912“ 340
| A, | =] A, | = A = 12— A, = A, ~7.5x10°e V2
| Az, | 2.4x107eV? oo

.Y RN (R /o i pendent Am?
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EX p e ri m e nt Tz K Far neutrino detector

SuperKamiokande

LBL accelerator experiment

IV,
4 g

Off-axis detector o ol ‘: Far Detector
% . (SK)

Targe
&Homs odt ipe B [I — =  [fOn-axis dstgctor (INGRID)

Muon monitor Near Dedector

—

’ 295 km

120 m 280 m

Off-axis neutrino _ ) .
beam Neutl;llrll;) monitor Off-axis
ING near neutrino detector

T
\ul"l&)“: 1.0
Am},=24x10"eV?
) L =295 km
t 1

—0A2S5°
— 0A00°

P(v, > v,)
2

uuuuuu

3

E, (GeV) i - N
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NOvVA: event display

Pixel size: ~4 c¢cm x 6 cm

X-View only_

v,, charge current (CC) ,

(V“ disappearance 31gna> <

Cell Number

(,i
=
L P |

P

>

10 10°

10" g(ADC)
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SuperK/T2K analysis

SK atmospheric and T2K beam neutrinos have different oscillation baselines and energy
ranges, but both experiments use the Super-K detector

Overlapping systematic uncertainties! (detector model + sub-GeV cross-section model)
T2K has good 6p sensitivity, but mild mass ordering sensitivity
SK has good mass ordering sensitivity, but limited §.p sensitivity

45 :| T T | T T T | T -
e — SK + T2K E
_3SF — T2K E
< = -
I 3E SK (+ND) E
3} - -
o 2.5 —
g - .
2, 2 =
= = 3
< 1.5 — =
1 E
0.5F =
D - AL ! L i ;I 1 1 [ L I 1 1 ! ! 1 ! it | 1 |:.
-3 -2 -1 0 1 2 3
True 0, NO
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IceCube DeepCore: v, = v,

A.Kumar, EPS-HEP 2023

lsc‘e'sl"o e 1.0
— 324 o;ncglssansovs . IceCube string 0.8
ot 5
IceCube Array . DeepCore string 0.6 T
B et sanange, DeoPCoro sirings 043
/ : X 0.2
/ : DeopCare 0.0
N DeepCore — 10! ,’{r 10?
ﬁa%'::rﬁféals‘)::r?s%:’sp"mmjwie'g'“ Comidar energy (GeV)
324m
*jElﬂeiTower
2450 m 4
zezom » 0,, — Depth of oscillation valley
« Am?,, — Location of oscillation valley
J.P. Yanez, Convolutional Neural Network (CNN), 9.3 years: about 150k events
3.2 Normal Ordering 90% C.L. Phys.Rev.Lett. 134 (2025) 9, 091801
1.0, NOVA 2022 --— MINOS+ 2020
--— T2K 2023 IceCube 2024
A 3.0q Super-K 2018 — (this result)
o | Am 328 Consistent results
" il 526 in dlzsappearance 2n
L o sin“0,3 and Ams3,
2 E 2.4+ .
5 04 — . g in NOVA, T2K, SuperK,
9 i 2.2
=== No sterile neutrino MINOS' Icecube
0.2 — Amj, =03eV?
— Am}=1eV? 2.0
— Amf1 3eV? T T T T T T r
o - . 035 0.40 045 0.50 0.55 0.60 0.65 0.70
3’0' 10° R 10° 10* 21 sin2(623)
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T2K perspectives

Upgraded ND280
T2K will continue data taking until ~2028

W —— 7
\ o o : wl= ‘ & using >900 kW proton beam
g} ' with improved systematics due to SuperFGD

true (hierarchy, dcp, sin® fy3) T2K with RC; Full Syst.
12 (NH, —7/2, 0.561) Unknown Hierarchy
Lok (NH, —7/2, 0.45) FHC:RHC ratio .
—— (TH, —=7/2,0.561) 01 1:3 1:1 31 10 - romm e
"""" 8k (NH, —7/4, 0.561) .

| 99% C.L.

s

Ax? to exclude sin dcp = 0
(@)

DO

— 1 b e l!l =
Goal to reduce systematics

. N a0
in oscillations to ~3% level Statistics [POT] %1021

-
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T2K: ND280 upgrade

Current ND280 = Upgraded ND280

* Improve acceptance for high angle and backward tracks

All new elements installed and commissioned with

* High precision probe of the nuclear effects - reduced systematics neutrino beam. Data taking started in 2024

* Detection of short proton tracks which is very important for T2K analysis
* Reconstruction of the neutrino energy by time-of-flight

* TOF Detector separates background from outside SuperFGD and HA-TPC

SuperFGD:

~100 participants from
Russia, Japan, US,
Switzerland, France, Spain
~35 from INR, JINR, LPI

3D highly segmented

neutrino detector

-mass 2t

- 2x106 optically isolated
1cm?3 scintillators

- WLS readout

Scintillator cube

——m

A

Upstream ECal

WLS fibers
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HyperK Near Detectors

- measure and control neutrino beam before oscillations J-RARC beam
- neutrino cross sections 30 GeV
- systematics 1.3 MW
New ND ~1 km from target Existing ( T2K+upgra1de) ND at 280 m from target
N\
IWCD: Movable water
Cherenkov detector IWCD INGRID \ ND280 upgraded

Buffer tank

Control room

/
Neutr ~1 kt water
eutrino : :
spectra Cherenkov detector Neutrino o_n/off axis Magnetized off-axis near detector
Photocesors: beam monitor

muli-PMT modules
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DUNE features

DUNE flux at ND

v, /cm*/GeV/year (x 10'%)

/I
T T T T T Ll I T T T I Ll T 2 il
: /— DUNE (1.2 MW) 1
i\  — MINERvA

—— NOVA
— BNB (SBND)

Near Detector

Flux at ND -

8
E, (GeV)
Neutrinos s, = -n2 Antineutrinos Wse.=
1285 km .8 =0 1285 km .8 _
Normal Ordering cP Normal Ordering =
Sep =2 Scp =
2nd 1st

1 2 3 4 5678
Neutrino Energy (GeV)

12 mapTta 2026

2nd

530 1 2 3 4 &5 678
Neutrino Energy (GeV)

Near Detector:
- ND-LAr

- Movable Temporary Muon

Spectrometer (TMS)
- On-axis monitor: SAND

Opuit KyaeHko

NAN PAH

CA® OPH PAH

Far Detector

4th module

Phase-Il Phase-|

3@ module

> : B 1st module
T~y s

%
~

2nd module

b
="

v

Phase I:

Two 17 kt (10 kt fiducial) LAr TPC FD modules:

one Vertical Drift + one Horizontal Drift

Phase ll:

Four 17 kt (10 kt fiducial) LAr TPC FD modules
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Sensitivity to MO

D. Rivera, talk at NeuTel 2025

Chinese Phys. C 49 033104 (2025)
JUNO, HyperK, DUNE

JUNO
Reactor U, signal IBD event number (x103)
0 50 100 150 200 250 300
: T T | T T T T | T T T | T T | T T T T | T T T | \: 6 | T I T T T I =4
6 _. [ Loweroctant 1
i ___--:;;_ (@) —  Normal ordering ]
e i >°F 8 = +m/2
Y e e soomezesIioo- i =TT il
i /'::;:.’«" E - / / |
4; 40 1 i A 6=—-m/2 2
[T T T T T T T TS TTTTTTTTTTT ] c B =
i O [ Il
i 0w b -
Ly o 3 ]
r ] g L |
n b B -
L 4 () N |
2 ] L 2 =
- —— NO: stat.+all syst. - O i JUNO il
+ — 10: stat.+all syst. n - i
1 :_ ————— NO: stat. only g 8 1 = = g:’J’:\?I; & =
S e T R e 10: stat. only i S E i
PR T AN T T N S T [N T T NN T T T AT T A T S [N YT N T S T N R R — -
00 2 4 6 8 10 12 14 16 18 20 0 ! | ! L | | L | | L ! T
JUNO and TAO DAQ time [years] 2028 2032 2036 2040
Year
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LSND/MiniBooNE anomaly

IceCube: v —v, disappearance

PRL 130 (2023) 011801
PRL 117 (2016) 071801

o PRL 125 (2020) 131802 MicroBooNE, , LAr TPC
T : | MicroBooNE 6.369x10% POT
< MINOS: v, — v, Daya Bay, Bugey-3: v, — v, i { ST,

- 10°% S ; 10 { - = Data, profiling
% F % == == Sensitivity, profiling
g 103§|||||||| T T T T T T T [ T I T I 1 T T e H l/ — = Sensitivity, v, App. only
5 C 90% C.L. Allowed 3 = I N
107"t "~ [DLSND ] = IF
107 E Z MiniBooNE (2018) o E B
E [ Dentler et al. (2018) 90% CL 3 = _
10 & [[] Gariazzo et al. (2019) LSND/MiniBooNE 10
—2 E =
10 F 7~ E I LSND 90% CL (allowed)
fQ; 1 __ __ LSND 99% CL (allowed)
11 years of data taking, PRL 133 (2024) 201804 L 3 07 2 1(;‘ ' 10'2 : 10'1 B
E 0L i in?20
100.0 ,% 107 E e
Sensitivity (99% CL): ! F e
— Median 12¢ Vg 5 - — 5 1 9 5
100 a 10 3 E sin” 26, ~ 7 5in 20, sin” 26,
. C 90% C.L. (CL,) Excluded .
Ni 103 b —NowmaD ]
_ Result: | Eo--- KARMENZ2 3 .. .
¥z 1o 4 * Bost Fi  —MINOS. MINOS:, Doya Bayand Bugey 3~ % 3 Positive signal:
N e 0 —4 NIl | AN L1 IRl | | AR L1 1inu
=+ 95% CL 10 10° 10° 10* 107 10°% 107 1 LSND/MiniBooNE
" ] in226,, = 4JU,,FU P
Si28,e = 4yl U, Negative:
" 10 MINOS, Daya Bay/Bugey-3
S 24
IceCube

absence of sterile neutrino: p=3.1% , no-zero fit significance: 2o

12 mapTa 2026 tOpwui KygeHko  UAU PAH CA® OPH PAH 49



NuMIl Neutrino Beam

4 Ferrr.ﬂlab

Protons
Booster
Accelerator
~8 GeV

Main Injector

v

®(E ) (v/POT/GeV/cm?)

107°

10—[0

H
S

10—[2

B N B BNB Flux at MicroBooNE

— v, +V,
— V. + ¥,

—— ]
— o —
— ——
— T T e mm
e mm mm mm mm mm mm mm o mm mm =
bl e —

—
——
- -

NuMI Flux at MicroBooNE
— Vv, tV,

NuMi

~96 7%

®(E ) (v/POT/GeV/cm?)
=

~120 GeV i
Protons Sl0E
- o
10-‘25" /o
0 s T T s T TS Y s TS
M. Ross-Lonergan - Jan 7*" - NuPhys 2026 True E, (GeV)
12 mapTa 2026 Opuit Kynenko  UAU PAH CA® OPH PAH

50



	Слайд 1,  Нейтринная физика: последние результаты и перспективы
	Слайд 2
	Слайд 3
	Слайд 4
	Слайд 5
	Слайд 6
	Слайд 7
	Слайд 8
	Слайд 9
	Слайд 10
	Слайд 11
	Слайд 12
	Слайд 13
	Слайд 14
	Слайд 15
	Слайд 16
	Слайд 17
	Слайд 18
	Слайд 19
	Слайд 20
	Слайд 21
	Слайд 22
	Слайд 23
	Слайд 24
	Слайд 25, Hyper-Kamiokande: Mass Ordering 
	Слайд 26
	Слайд 27
	Слайд 28
	Слайд 29
	Слайд 30
	Слайд 31
	Слайд 32
	Слайд 33
	Слайд 34
	Слайд 35
	Слайд 36
	Слайд 37
	Слайд 38
	Слайд 39
	Слайд 40
	Слайд 41
	Слайд 42
	Слайд 43
	Слайд 44
	Слайд 45
	Слайд 46
	Слайд 47
	Слайд 48
	Слайд 49
	Слайд 50

