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OPEN QUESTIONS: MIXING

Qe ' * flavor * mass e
W.e know t.hls. neutrino .ﬂavors tever 1y ) = Z U vy =5 5;; = sin 0,
mix, neutrinos are massive! Vg = Up Uy Vs k c;; = COS 91.].
—10
v, 1 0 O ci3 0 spe7 @ | c, s, O] (1 O O U
21
I/,M — O C23 S23 O 1 O _S12 C12 O O el 2 O I/Z
B : 431 1%
bz 0 523 €23 —513315@ 0 C13 0 0 1 O O e 3
We know the angles 6,5, 0,3, 053
IS THE MIXING MATRIX REAL OR COMPLEX?
IS THERE CP VIOLATION IN THE LEPTON SECTOR ? from BBN)
CMB

Strong implications 1n cosmology.
Can explain the matter - antimatter
asymmetry in the early Universe.

50 100 150 200 250 300 350

DELTA CP (DEG)

BARYON ASYMMETRY
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OPEN QUESTIONS: MASS, DIRAC/MA].

W@ kﬂOW Amg . Normal Inverted

solar: 7.5%10™> eV?

mnmey,  Tnp

E?TL ass __

mp Mg

Type ot mass terms, charge conjugation propertiesr?
only one phase d-p and one mass my,
more d.o.tf.: @, oz, My, My
smallness of mass explained by large my scale
additional CP violation via a,, a3,
neutrinoless double-beta decay 1s possible
rate directly related to absolute masses

0.0150 0.0155 0.0160 0.0165 0.0170
|(m,)]| (eV)
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DOUBLE BETA DECAY: SNO+

Re-usine SNO LIQUID SCINTILLATOR LOADING TECHNIQUE:
g HIGH ISOTOPE MASS, LOW BACKGROUNDS

detector (Canada) Cobalt  Single

spike  pass X . “TeDiol”

SNO+ DEVELOPED
TECHNIQUES FOR |
TELLURIUM PURIFICATION
AND LOADING

SNO+ 0.5% (3

LEGEND-200

> - - Tsyry - - - - - -

2024)_,

0.5% LOADING: BEST TE130
SENSITIVITY
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e
v
=
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=
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-
-
o
-
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EGEND

1.5% LOADING: WINDOW OF
OPPORTUNITY FOR BEST
SENSITIVITY, ANY ISOTOPE
B R@ A== N @INEST @AY M=)
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DOUBLE BETA DECAY: SNO+

2017 2018 2019 2020 2021 2022 2023 2024 2025

B | Scintillator phase
4 . | reactor V: 2nd world

measurement of Amlzz;
first solar CC on 13C

low energy 8B solar v

= =s] Water phase

best invisible nucleon
3 i % decay limits; first

" teactor v in pure water

Partial till phase

solar v directionality
reactor vV in LS

2029 2030 2031 2032

B 2026 2027 2028
¥ R Fill 0.5% Te 0.5% data  Fill 1.5% Te 1.5% data I

I

Tellurtum-loaded phases:

0.5%: best sensitivity to 130Te OV (2x106 yr in 3 yrs)
1.5%0: best sensitivity, any 1sotope (6x100 yr in 5 yrs)

..................

AR T o
e e W W
P ~
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LONG BASELINE OSCILLATIONS: DUNE

Sanford Fermilab
Underground
Research
Facility

— -
-~ .- -

MUON NEUTRINO
PRODUCTION

PARTICLE
DETECTOR

l— UNDERGROUND
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DETECTOR
ENERGY SPECTRUM MASS ORDERING CP VIOLATION
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LONG BASELINE OSCILLATIONS: DUNE

DUNE Phase I:

Horizontal and
Testing this tec

FD1 and FD2, beam start 2031
vertical dritt LAr TPCs (17 kt each)
nnology at ProtDUNEs (CERN)

LIP leading Calibration and Cryogenic Instrumentation

DUNE Phase II: FD3 and FD4
FD4 not necessarily LLAr, open to
expand physics
Theita: Liquid scintillator option
proposed for FD4. Possible
convergence with SNO+ expertise

J. Maneira
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PRIORITIES

DU

N E

SNO +

P

YSICS

MASS ORDERING AND LEPTONIC CP

BEST SENSIVITY TO OVBB

VIOLATION (+ BSM) )
POTENTIAL SUPERNOVAE PROTON DECAY WITH TE130 @0.5%
BEST SENSIVITY WITH
LONG-TERM W'SDEENBSAWNR/ G\'(VTES ESI\;)D ANY ISOTOPE @1.5%
POTENTIAL 22D FOR DUNE PHASE |1 TECHNIQUE FOR —JTURE
y EXPERIMENTS
FINANCIAL, LEVERAGE LEADERSHIP ROLES AND LEADERSHIF RO‘_ES
HUMAN 1P INFRASTRUCTURES MODEST NEEDS FOR
RESOURCES | FUTURE R&D
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EXTRA SLIDES



NEUTRINO MASS, WHY SO TINY?

Fermion masses . .
Mass of elementary particles directly

related to Higgs interaction

—h
INERA ]

Why this
huge gap’
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NEUTRINO MASS, WHY SO TINY?

- - D G ST IR YR fEP . GUN, SR R [y RSN . GER EmD, G R PR, e g

9

Do neutrinos couple to the Higgs in
the same way as charged fermions?

pling to Higg

cou

9

10°
mass [GeV

10 1 1

M,
s’ ! 2
» L)
’ —
¢

* A test ground for New Physics!
* Possible explanation for matter/
antimatter asymmetty.

coupling to Higgs =2

——————————————————————————————— —— — — — — w— w—

B ————————————————— " ——— o ———————V———————V——————V————————————————

I, NEUTRINO 2024 (ADAPTED)

particle mass =2
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NEUTRINO MASS OBSERVABLES

p-decay (kinematic) cosmology

model independent model dependent
mass eigenstate . ACDM

mixing "
| My = Z m;
mg = . ’

\ . & i

double beta decay ),
model dependent m/}/j — I 2 ,’niUgi

* |lepton number violation :
- light Majorana neutrino exchange l
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