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Neutrino oscillations and mixing

Standard Model: neutrinos are massless particles

(Ve\ (Vl\ U, U, Ug) u parameterization:
3 families LV“J =ULV2J U= U#1 Uu2 Uﬂ3 three mixing angles 0,, 0,; 0,3
v, v, Uﬂ Ufz UT3 CP violating phase 0.
Pontecorvo-Maki-Nakagawa-Sakata matrix
atmospheric link between solar
\ atmospheric and solar /o
¥
Vy 1 0 ‘0 cosé, sing, 0) v,

v, |=|0 0SSOy SING,
V. 0 -sind,,; cosé,,

SuperkK, K2K, l
MINQS, T2K, NOVA, IceCube

-siné,, cosé, 0| v,
0 0 1)v,

Solar experiments, SuperK
KamLAND

T2K,NOVA Daya Bay, RENO
Double Chooz
r D

923~450 913 ~ 8.50

0,,~ 34°
AmZ, = AmZ, =~ 7.5x10°eV?

sol

| Amg, |=| Amy, |=

Amﬁ =m’ - mj?

| AM?Z_ |~ 2.4x10%eV?
X J Am122 14 Am223 + Amgl =0 two independent Am?
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Neutrino: open questions

Absolute scale of neutrino mass — [ decay, 0v2f decay, astrophysics and cosmology

Neutrino nature: Dirac or Majorana —  0v2[ decay

Neutrino mass ordering — astrophysics and cosmology, atmospheric and reactor
neutrinos, accelerator (LBL experiments) neutrinos

CP violation — accelerator neutrinos (LBL experiments)

Precise measurement of
oscillation parameters (0,3 = 45°7?) — solar, atmospheric, reactor, accelerator (LBL experiments)

Sterile neutrinos — f§ decay, 0v2p decay, astrophysics and cosmology,
atmospheric and reactor neutrinos, accelerator neutrinos

Neutrino interactions — atmospheric and reactor neutrinos, accelerator neutrinos
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Neutrino: CPV and MO

Mixing
e matrix
- CP violation in lepton sector ,
neutrinos
Magnitude of CP violation in neutrino oscillations 08 05 0.2 quarks
" " . . UPMNS~ 04 0.6 0.7 1 0.2 0.001
Jop =1|m(ue1u“2u e2U* 1) = Im(U,,U 5U% U ) 04 0.6 0.7/ Ve~ 0.2 1 0.01
=2 €050,35in20),5n20,35In20,55In3 0.001 0.01 1
. ~ -5
all mixing angles#0 — J,#0 if 0,#0 Quark sector: g, 3x10

Lepton sector: J, =~ (0.03-0.04)xsind,

Normal hierarchy Inverted hierarchy
V3 w Ang
2 vI -
- Neutrino mass ordering (MO) () Az,

10: Xm; =~ 100 meV
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Why is CPV in lepton sector important?

: Baryon Asymmetry np—ny 10
SM cgnnot explain non-zero of Universe (BAU) ———> Yg Rl (6.21 + 0.16) x 10
neutrino mass
) . ng -6
See-saw model - v mass CP violation in quark sector o
(K, B, D decays)
too small to generate BAU M.Gavela et al. Mod.Phys.Lett 9 (1994) 795
¥
L Yo~ |7 (m? — m2)(m? — m2)(m? —m2) (mi — m?)(m? — m3)(m] —m3)
87 | M (27)°

~10 orders below measured BAU value

» See-saw model produces BAU _ _
M. Fukugita ,T. Yanagida, 1986

by leptogenesis mechanism

mpy

m ~b m, ~100GeV
" M,  v,> Mg <10%GeV

N, decays [EEEE) lepton asymmetry e, mmmm)  partially transformed into BAU
lepton asymmetry from Ni decays &, must be > 10°

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

Type | See-saw model

SM + 3 heavy (RH) Majorana neutrinos N;, N,, N,
with masses M, << M, < M,
Leptogenesis takes place at temperatures 10° GeV < T < M,

Jcp

0.04 {

0.02 }

-0.02

-0.04 {

Normal Ordering I
sinf,3 = 0.2
. . . I .
-11.5 -11 =105 -10 -95 -9
Log,, Y5
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S.Petcov et al. Nucl.Phys. B774,2007, 1
S.Petcov et al. Phys.Rev. D75, 2007, 083511

Yp =3 x10713|sin6.p| (Siz_zlg) (101‘;4;ev)

M, = (3-5)x10! GeV

BAU can be reproduced, if

|sin@,5sindp| > 0.11

Daya Bay: sinf,3 = 0.15 —sindécp > 0.75

¥

e | >0.024
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CPVin PMNS <= CPV in Leptogenesis ?

Type Il See-saw model

SM + SU(2), triplet scalars A: AT, ATT, A9 B.Karmakar, A. Sil arXiv:1509.0790

3 3
6cp = 0, 21 excluded, close to ST = favoured, but exact value of ST~ excluded

T.Rink et al., arXiv:2006.03021

30 —— Dirac phase &

Type | +ll See-saw model

———  Majorana phase &
—— Majorana phase

20

=
Oscillations 0v2p decay g 10
A A K
Z
{ \[ \ § 10
. %_20
_—id 3
€12C13 512C13 S13€ ;
U = | —s12C23 — €12513593€"  C1aCa3 — S12513593€" C135923 x diag(1,e",e") Boo 035 O'SOva 'h'oo| ;'25/'50 i
. - . ' ! P phase | T
fi] fi] .
512593 — €12513C23€"  —C12523 — S12513C23€"  €13C23 —

/
max CPV in oscillations
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How to search

for CP violation?



Golden channel for CP search: v ,—v,

Probability of v —v, oscillation in matter leading term
531 - S Am2, L 2a .
Plv, — v.) |= 4c2ls?]s2.sin? LB~ % [l + —(1 — 252 } >{ 0
Yy e 13519523 iE, ﬂmfg{ S13) 13
. Am3, L . Am3,L . Ami,L CP-
Q.2 5 ] 23 . 134 . 12 S even
+  8c2,8519812592(C10C2aC0S) — S1951aS0q |COS sin sin >
13512513523(C12C03 12513523, 1E, 1L, 1L,
. Am2,L . Am?.L . AmiL
o 2 ISR 23l . 135 . 12 sl CP-odd
—  8¢74012099512513 52351108110 sin sin
13C12C23512513523 15, 1E, 1E,
b o o 0 o L Am2, L
+ 45%2cf3[c‘133c§3 + sfgsigsfg — Eclgcﬂslgsms13':-055}81113 453 s Solar
s
6 o Am2.L al, . Am?,L .
02 2 2 23 P 13 2
—  8c13513893008——=——=—sin——=—(1 — 2s73), > | Matter
4F, 4F, 4F,
Matter effect

S. =siné. C. =CO0S&,
] 1) 1) . a[eV2]= Z\EGFne Ev = 7'6X10_5 p[%m3:|Ev [GeV]

P(v, >7,) mmp a>-a 5>

change sign for NH —» |H
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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

Direct )
measurement

CP asymmetry A,p

P (V“ — Ve) - P(\_/u—>\_)e)
P(V“—)Ve) + P(VM—)\_/e)

Acp =

Apr#0 > O,#0 — CPviolation

Sensitivity to CPV increases using the value of 0,; obtained in reactor experiments
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Long-Baseline Neutrino Oscillation
Experiment

Toyama

" -"-':Ka'rhioka Mine
Tokyo S
l Tokyo/NaritarAirport

-~

-~




Experiment T2K et

T2K collects data since 2010

Off-axis detector oV e Far Detector
> o= E__ 3 C__3 ecme s ems e e = e 4 ‘
3= g ey 1{ (SK)

L =295 km &Homns pd oy pipe =L = « JhOn-axis duigctor (INGRID)

Off-axis v beam Muon monitor Near Dedector

Peak energy 600 MeV
|

—~—

’ 295 km

120 m 280 m

Off-axis neutrino
beam

1 = =
0.5 \m"Zﬂ,\ =10
Am},=24x10"eV?
) L =295 km
t t

— 0A25°
— 0A00°

Off-axis
near neutrino detector

7 K

Neutrino monitor
INGRID

Decay tunnel

P(v, -V,

] ; 2 3
E, (GeV)
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Search for CP violation in T2K

Measurements of oscillations v,—v, and v, =7,

Normal hierarchy T2K baseline = 295 km, E (peak) = 600 MeV
0.1p - 0.1 . i
neutrino §in?2615=0.1 anti-neutrino sin226.:=0.1
0.08 —5=0
12 006 - gzl’@‘
Experiment T2K: 1= 0.04F — 5=-1/2x
E, ~0.6 GeV, T GDE
baseline = 295 km I
ﬂﬁ 1 -1 Ll | | | 2
T2K simulation Ev (GeV)
vacuum + matter .
A.p =-0.28sind +0.09 CP asymmetry in vacuum
CP in vacuum Matter asymmetry P P(Vﬂ N Ve)+ P(Vﬂ N Ve) = 4Ev sin4913
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v, and v, appearance

o v-mode: 2.17 X 102" (56.8%)
R .le.K. Run 1 1c|) IIZ’ITelllrlnlnall'_ Number of protons on target (POT) ‘ 7-mode: 1.65 x 102" (43.2%)
E ===: 101. Pred., BCP:-% v v, v, 8.p=0 E
301 : E : : :
gl T e 2o W--=%o 1 | Three samples with electron-like Cherenkov rings
2ol T sackgrond - 51« Two (1 v-mode and 1 -mode) with e-ring only targeting Oxr events
515; 3 |+ Oneinv-mode with e-ring and e from 7 decay targeting 17 events
10~ -
s Accumulated number of electron neutrinos and antineutrinos
10; 7 E 2:94 events |V-mode e-ring § *"16events | y-mode e-ring é 5i4 evéntd v-mode
- T ] e é se 2 e-ring and
8- £ 4 2k 4 4 2 g e from
L , I} F L L
i v-mode 7 8 s - pion decay
2 B ——— — 6 S —_
S [ | gt i e H—
2:_ ...... _: O 12 0 12 12
. . Reconstructed neutrino energy (GeV)

0 0.2 0.4 0.6 0.8 1 1.2
Reconstructed Neutrino Energy (GeV)
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Hint of CP violation

L.Kormos, Nufact2022

T2K Run 1-10 Preliminary

bCP
w
"

—
IIIIIIIIIIIIII

|
-
177

A S B e A
|:| Reactor Constraint

T2K only 90%

------- T2K only 68%

a T2K only Best Fit

T2K+Reactor 90%

------- T2K+Reactor 68%

4 T2K+Reactor Best Fit

‘11111111111111111111[1111111111‘

.
'
| | YW ST U S S S NS S |

0.04 005 006  0.07
sin‘0, ,

0.03

=
<

T2K Run 1-10 Preliminary
_I L T Al T ' T L) Ll L I Al Ll T T ] L) L Ll L) I ! T Al Al I Ll T L L) l_
- —— Normal ordering .
:_ Inverted ordering _:
B ta CL 3l
- 90% CL -
| ET2ec - —
- [Jasc // N .
K £ N 2
A / \\_\ —
B \ :
- ‘ B "
B35 /" —
]
R 1 /T 1
2 NN 1 ] P |
-3 -2 -1 0 | 2 3
8(’?

/

Constrainton 0,
from reactor experiments
Daya Bay, RENO, DChooz

35% of O.p values excluded at 3¢ marginalized over hierarchies

CP conserving values (6-p = 0, ) excluded at about 2o

16 January 2024

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

Normal mass ordering is preferred at 80% CL
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CP violation: J,

PMNS parametrization independent metric for CPV

T2K

T2K Run 1- 10, 2022 Preliminary

prior flat in 8.,

prior flat in sin(ﬁﬁ)

CP-conservation (J,=0)

excluded at:
— 2o for aflat prior in 8
— 90% for a flat prior in sind.,

—— — locredible interval

Probability Density

''''' 2a credible interval

"""" 30 credible interval

T.Holney, talk at Neutrino Telescopes2023
T2K + SuperK joint analysis

r..|...||...\\‘h;*m—'-4_u.|.§...|.

Both ordering SK+T2K preliminary, Analysis 1
3\ T I T T T I T I T T T I T T T | T ] .E‘
-0.04 -0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 £ 250 Flatin 8, Flatinsind, | .3
J = 8,5C%,8,,C;58,5C,SIND = C Mo ---lo 1 5
£ b S A
LF] - 3o BRI ¥ | i .
g 1 8 | | CP-conservation
By - a
150— — —_
i: : Uep=0)
100F- = excluded at 20
50 =
of : B
0.04 -0.02 0.00 0.02 0.04
T = 8,075815€1 58556558100
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CPV: T2K+SuperK

T2K + SuperK joint analysis

. A.Blanchet, talk at Neutrino Telescopes2023
Both ordering SK+T2K preliminary, Analysis 1
[ = I | L R =
‘Z D8 o . -
5 - Flat in 8., Flatin sind. ]
T 07f mic o E
= - B 2o .- 20 -
5 0.6 30 .+ -
£ ost E - Improved 661.3 copstraints
s ;| - CP conservation is excluded at around 20
04 = 1 with 6,5 from rector experiments applied
03 P
02 -
0.1F ]
0.0 1 L —--ﬁé
-3 -2 -1 0 1 2 3
aEP
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Experiment NOvVA

yo"wx Far Detector (AshRiver, MN) Taking data since Summer 2014
—=%__» MINOS Far DetectoE{Soudan, MN).._~ i i
o Near Detector Study of v,—v, and v —v, oscillations

Neutrino beam from FNAL to Ash River

Baseline 810 km

Neutrino beam 14 mrad off-axis

Far detector : 14 kt fine-grained calorimeter
65% active mass

Near Detector: 0.3 kt fine-grained calorimeter

NOvVA detectors A NOVA cell

To APD
Extruded PVC cells filled with | \
1

11M liters of scintillator
: instrumented with
Neutran beam A-shifting fiber and APDs
or__ ?r;??;aﬂ-axis Lot
— 14 mrad off-axis Ky
— 21 mrad off-axis K .
I . o
0
(=)
(=]
o
Far detector: E
. 14-kton, fine-grained,
DN low-Z, highly-active
tracking calorimeter
32-pixel APD — 344,000 channels
——
. . Near detector:
Fiber pairs . ‘
from 32 cells 0.3-kton version of dcm % 6cm
0 il the same
0 45 (Gev)é 8 10 — 20,000 channels
19
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v, and v, appearance

. 21 i . 21
nu beam: 1.36x10%! POT anti-nu beam: 1.25x104' POT AAurisano, Nufact2023
Ve Far detector v,
Total observed v, events 82 Total observed v, events 33
Total background 26.8 Total background 14.0
v-beam NOvA Preliminary v-beam NOvA Preliminary
aﬂ,_ T T T T T T T I T T T T T T T T T T T —] _I T T T T T T I T T T T T T T T T T I_
— Low PID i High PID - a0 Low PID : High PID i
| FD d 7 - .
§ i lzuzuﬁst-ﬁt ® ] IQ - ¢ FDdam . Il wrong signbkg | '® -
E Eﬂ-_— 1—crsyst_mnge o 2’ __ ?b 15__ —— 2020 best-fit I Total beam bkg @ _8 H
F.b = =T“g:lub:£: E:g | 8 -E' - T B 1-o =y=t range | |:| Cozmic bkg -F:' ]
T [ [ Cosmicbkg | a . B o | a B
=S - o [ ]
e _ -
o] ~ ]
~ 10— —] - i
E B : 7] % 5__ __
g [ . 1 @ L ‘ | )
5o ﬂ 1 fdEmkd :
0 0
1 2 3 4 1 2 3 4 i 2 3 4 1 2 3 4
Reconstructed neutrino energy (GeV) Reconstructed neutrino energy (GeV)
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NOVA: search for CP violation

°7 Normal Ordering

M.Frank, EPS-HEP 2023

[]_1|—I T [ T T T [ T T T [ T1 Iﬁl T |ﬂl |_-'Z 0.6 = — Normal ordering
- a = - .
. azﬂfg Q £ os Disfavor § = 3m/2 at ~20
0.08(~ o Bpp="n 1> @
E=15GeV a5 __3no 1 Y —
cP - P —
3 1@ 04 1ok, _ §
[= 1= " Nat. 580 - m BF =90% CL = 68% CL 7
0.06 — - i )
T e sascev| | 2 osE.  Nova +BF [ ssowct [l seswcL NO: NOVA best fit:
S -- 2 o7 [ T cp =0.82m
o 0.04F \ 1= - Inverted Ordering ]
i e ] 06 -
0.0~ - ] B L ]
i —— Mormal Ordering 7 L ] .
W Inverted Drdemf'ﬂ: £ o5t ] Inverted ordering
0502 004 bos D08 o kb ] Exclude § = /2 at>30
Pv, = v) "I Natcso" — <90%CL ]
WV LY L ) ]
H © oal NOwA: <90% CL | | <68% CL
P e
Ocp

- Weak preference for normal ordering
- No significant CP asymmetry was observed
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CP: T2K and NOvVA

T T T | T T T | T T T | T T T | T T T |
Djl__ a EI:'-P'=0 __ %
B # fo,=T2 1=
uuﬂ__ o Ez:ﬂ __}
’ : E=15GeV - Ecp=3ﬂ2 ::?
® il
T 12
=y - 1=
E o 12
o l]_[H_— —_._.:
[I.[IE_— .
i —— Normal Ordering i
L. Inverted Ordering |
E T TN N N TN TN T T T T S T T T N T
D’D 0.02 0.04 0.06 0.08 01
P (v, = v)
l T2K )
NOVA (v+v) prefers:
NO
CP conservation NOVA mmp
octants “degenerate
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T2K Preliminary

T2K Runl-10 Preliminary

U C_) o,

C.D.I-II|\\I|

Antineutrino mode e-like candidates

— . I-J
| =
4||\|||\|||\|||\|||\||

bt

n., Ta,
a2~
!I".
&‘-‘
.

L3 S

.

50 60 70

—— sin’0,, = 045,050, 0.55, 0.60
— Am2,=249x107 eV?
----Am?3, = —2.46x10" eV?

80 90 100 110 120

Neutrino mode e-like candidates

O dep=m 68% syst err. at best-fit
B S = 42 v Best-fit

O 8¢p=0 —=— Data (68% stat err.)

e § . =-m2

Ccp

6 =-1t/2 favored

\ 4

Large range of values of §
around +1/2 excluded at 99.7%

Best fit § =0.821
ExcludeIH 6 =m/2 at > 30
Disfavor NH 6 =3m/2 at ~ 20

T2K (v+v) prefers:
NO

&~3m/2 (~max CPV)
2nd octant

FTCF2024
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Future projects
DUNE and Hyper-Kamiokande



LBNF/DUNE

USA, Fermilab >1400 collaborators from 200 institutions
Far Detector Near Detector Neutrino Beam
X
Sanford N _— l

Underground
Research
Facility

i
ftad

Fermilab

-

SEX
e

,,,,

Phase I: 2x17kt modules in late 2020s, ND, proton beam 1.2 MW by 2031
Phase Il: 4x17 kt (>40 kt fiducial) modules, ND, proton beam 1.2 2 2.4 MW
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LBNF/DUNE

B E, = 60-120 GeV
Beam power 1.2 -> 2.4 MW
On axis neutrino beam
_ g —— Ev~1-6 GeV
N L=1300 km from FNAL to SURF, S.Dakota

Near Detector Hall
~ 205 ft Deep
e

o B [ e —— A A S Near Detector Complex:
LAr, GAr, SAND (tracker, Ecal)

Near Detector Absorber Hall Target Hall Complex
Service Building Service Building (LBNF-20)
(LBNF-40) (LBNF-30)
Absorber Hall

Primary Beam
Service Building
(LBNF-5)

Kirk
Road

PRISM

Up To 30 m Detector Travel
eam Measurement

[Temp. Muon SpectrometerJ

Magnetized Steel Stack, Polystyrene Scintillators
100 Layers, 544 t Steel

Far detector: 4 modules, total mass —~70 kt Y. S
fiducial 40 kt (4 x 10kt) LAr TPC
1.5 km underground

SAND Beam Monitor |

Superconducting Magnet (0.6 T)
100 t Calorimeter
3DST, TPC or Straw Tubes

FD1: Horizontal drift LAr TPC

Single FD module (17 kt);

Membrane cryostat
12 m x 14 m x 58 m active volume g - ’t’
Each Anode-Cathode chamber has 3.5 m drift
Cathode at -180 kV 574 m from target

150 Anode Plane Assemblies (APAs) with 384,000 readout wires - Cha ra Cterlzatlon Of 14 bea m
Anode planes have wrapped wires (readout on both sides) - CO nstra i n i ng Of cross-sect i on
6000 photon detection system (PDS) channels for light readout - SySte m ati CcS unce rta i nti es
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DUNE: CP sensitivity

DUNE Collaboration, 2006.16043

Staging approach 3.5 years, staged exposure
SenSitiVity to SCP ’V : V - 50% : 50% Sample Expected Events
- 7 years data taking bep =0 der="%
. NH IH NH IH
- 10 years data taking
v mode
. " Oscillated v. 1155 526 1395 707
True Normal Ordering True Inverted Ordering N
Oscillated v, 21 39 95 53
- DUNE Sensitivity 7 years (staged) - DUNE Sensitivity 7 years (staged) ) ) . )
12~ Al Systematics 10 years (staged) 12— Al Systematics 10 years (staged) Oscillated e 236 492 164 396
[ Normal Ordering == Median of Throws ~ Inverted Ordering == Median of Throws
[ sin?26,, = 0.088 + 0.003 You Vartalons of [ sin?26,, = 0.088 + 0.003 s Vautions o
10[-0.4 < sin0,, < 0.6 statistcs, systematics, 10L-04 <ok, <08 conboion, oyesmiiic, . A.Booth, ICHEP2022
L and oscillation parameters B and oscillation parameters DUNE CPV Sensitivity - O
[i i All Systematics B Phese
8l 8 6—Normal Ordering e SR
’% : | INET : / » % 50% of 5., values s A poervormp R W
I 6 i, 3 . N g _ g ” /—-\
o N\ /1 TAY
i V 2F
g1 -0.8-0.6-0.4 _0'28 ?,/1! 0.2 04 06 08 1 g1 -0.8-0.6-0.4 —0.28 0 02 04 06 08 1
c c

Years
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Hyper-Kamiokande

Japan. Project approved in 2020, construction begun in 2021, operation should start in 2027
> 500 collaborators, 20 countries

Physics program:

- Search for CP violation
- Neutrino oscillations

- Proton decay

- Neutrino astrophysics

The Sun in Neutrinos

7
L

_‘ S*ugernova ]

i " et - 2 Solar neutrinos
neutrinoes. - - Q' 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:

8000 7.5 cm PMTs + WLS plates

| JJ-PARC

r\
Super-Kamiokande

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

Near Detector \
A\

Proton decay

Mt.lkenoyama

sea level

 $1.000m ' 4
Neutrino Beam
295km
27




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+upgrade) ND at 280 m from target
IWCD: Movable water / \
Cherenkov detector IWCD INGRID ND280 u pgra ded
Magnetized off-axis detector
..... - ND280 v2.0

Control room

¥
i 3D detector SuperFGD:
2x10° scintillator cubes

each of 1cm3 with
WLS readout

Water tank (detector)

Neutrino on/off axis
IWCD

: beam monitor
Neutrino ~1 kt water Cherenkov detector

Photocesors: muli-PMT modules

spectra
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Projected HyperK sensitivity to CP violation

Sensitivity to CP violation

- 10 years of data taking,

arXiv:1805.04163

PR 0yen QERPOTISwS) , -
Nx 161~ Statistics only -— = 1-3 MW beam power - 2.7X1O POT
< N REEEE LY Improved syst. (v./V, xsec. error 2.7%) N
= W T2K 2018 syst. (v,/¥, xsec. error 4.9%) 3
£ 12F E
o - ]
g E Expected number of events at HyperK
'E) : :
B | lforvuv,=1:3 and sind =
s : or v,:v,=1:3 and sino, =0
N 6 - e e
,?4 - = —
S E 2300 v, 1300 v,
E 2_ '\
7] - %
[} P B N ] . .
Hyper-K proliminary 2 e s Exclusion of CP conservation
True normal hierarchy (known) cp
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Conclusion

- Search for CP violation in lepton (neutrino) sector of SM is one of main goals of
neutrino physics

- CPasymmetries in neutrino mixing at low energy and in leptogenesis at high energy
are linked in some scenarios

- T2K excludes CP conservation at about 26 and favors near-maximal CP violation
- NOVA: no strong CP asymmetry observed

- DUNE and Hyper-Kamiokande aimed at the discovery of CP violation and
6 p Measurement

16 January 2024 Yury Kudenko (INR RAS) FTCF2024 30



16 January

2024

Thank you very much
for your attention

Yury Kudenko (INR RAS) FTCF2024
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