
  
N E U T R I N O  P H Y S I C S   

P R I O R I T I E S

E U R O P E A N  S T R A T E G Y  D I S C U S S I O N  
L I P,  J A N UA RY  2 0 ,  2 0 2 5

J O S É  M A N E I R A   
F O R  T H E  L I P   

N E U T R I N O  P H Y S I C S  G R O U P  
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O P E N  Q U E S T I O N S :  M I X I N G
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• We know this: neutrino flavors 
mix, neutrinos are massive!

|να⟩ = ∑
k

Uαk |νk⟩
να = νe, νμ, ντ

• flavor 
states

• mass 
states

νk = ν1, ν2, ν3

νe
νμ
ντ

=
1 0 0
0 c23 s23

0 −s23 c23

c13 0 s13e−iδCP

0 1 0
−s13eiδCP 0 c13

c12 s12 0
−s12 c12 0

0 0 1

1 0 0
0 ei α21

2 0
0 0 ei α31

2

ν1
ν2
ν3

cij = cos θij

sij = sin θij

• We know the angles  but not the phases  θ12, θ13, θ23 δCP, α21, α31

I S  T H E  M I X I N G  M AT R I X  R E A L  O R  C O M P L E X ?  
I S  T H E R E  C P  V I O L AT I O N  I N  T H E  L E P T O N  S E C T O R  ?

• Strong implications in cosmology. 
Can explain the matter - antimatter 

asymmetry in the early Universe.

from BBN, 
CMB

B
A

R
Y

O
N

 A
S

Y
M

M
E

T
R

Y

D E LTA  C P  ( D E G )
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O P E N  Q U E S T I O N S :  M A S S ,  D I R A C / M A J .
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• We know  but not the absolute values m1, m2, m3 

• Type of  mass terms, charge conjugation properties? 
• Dirac? only one phase  and one mass  
• Majorana? more d.o.f.:  

• smallness of  mass explained by large  scale 
• additional CP violation via  
• neutrinoless double-beta decay is possible 

• rate directly related to absolute masses

Δm2
ij

δCP mD
α21, α31, mL, mR

mR
α21, α31

M A J O R A N A  M A S S

B
A

R
Y
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N

 A
S

Y
M

M
E

T
R

Y
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D O U B L E  B E TA  D E C A Y:  S N O +
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Re-using SNO  
detector (Canada)

~9300 PMTs

12 m acrylic vessel

several 
target 

materials

S N O +  D E V E L O P E D  
T E C H N I Q U E S  F O R  

T E L L U R I U M  P U R I F I C AT I O N  
A N D  L O A D I N G

0 . 5 %  L O A D I N G :  B E S T  T E 1 3 0  
S E N S I T I V I T Y

L I Q U I D  S C I N T I L L AT O R  L O A D I N G  T E C H N I Q U E :  
H I G H  I S O T O P E  M A S S ,  L O W  B A C K G R O U N D S

1 . 5 %  L O A D I N G :  W I N D O W  O F  
O P P O R T U N I T Y  F O R  B E S T  

S E N S I T I V I T Y,  A N Y  I S O T O P E  
( B E F O R E  “ T O N - S C A L E ” )
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D O U B L E  B E TA  D E C A Y:  S N O +
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Water phase 
best invisible nucleon 
decay limits; first 
reactor ν in pure water

Partial fill phase 
solar ν directionality  

reactor ν in LS

Scintillator phase 
reactor ν: 2nd world 
measurement of  ; 
first solar CC on 13C 
low energy 8B solar ν

Δm2
12

Tellurium-loaded phases: 
0.5%: best sensitivity to 130Te 0νββ (2x106 yr in 3 yrs) 
1.5%: best sensitivity, any isotope (6x106 yr in 5 yrs)

2017          2018           2019          2020          2021          2022          2023          2024          2025

2026          2027          2028          2029          2030          2031          2032

Fill 0.5% Te 0.5% data  Fill 1.5% Te 1.5% data
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L O N G  B A S E L I N E  O S C I L L A T I O N S :  D U N E
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M A S S  O R D E R I N G C P  V I O L AT I O NE N E R G Y  S P E C T R U M



J. Maneira                                                              ESPP: Neutrino Physics Priorities for Portugal - January 2025

L O N G  B A S E L I N E  O S C I L L A T I O N S :  D U N E
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Far Detector #2

Far Detector #1

• DUNE Phase I: FD1 and FD2, beam start 2031 
• Horizontal and vertical drift LAr TPCs (17 kt each) 
• Testing this technology at ProtDUNEs (CERN) 
• LIP leading Calibration and Cryogenic Instrumentation

• DUNE Phase II: FD3 and FD4 
• FD4 not necessarily LAr, open to 

expand physics 
• Theia: Liquid scintillator option 

proposed for FD4. Possible 
convergence with SNO+ expertise

Start of  beam Reflection off  FC

Laser calibration @  
ProtoDUNE
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P R I O R I T I E S
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D U N E S N O +

P H Y S I C S  
P O T E N T I A L

M A S S  O R D E R I N G  A N D  L E P T O N I C  C P  
V I O L AT I O N  ( +  B S M )  

S U P E R N O VA E ,  P R O T O N  D E C AY

B E S T  S E N S I V I T Y  T O  0 V B B  
W I T H  T E 1 3 0  @ 0 . 5 %

L O N G - T E R M  
P O T E N T I A L

W I D E B A N D  G I V E S  G O O D  
S E N S I T I V I T Y  T O  B S M  

R & D  F O R  D U N E  P H A S E  I I

B E S T  S E N S I V I T Y  W I T H  
A N Y  I S O T O P E  @ 1 . 5 %  

T E C H N I Q U E  F O R  F U T U R E  
E X P E R I M E N T S

F I N A N C I A L ,  
H U M A N  

R E S O U R C E S

L E V E R A G E  L E A D E R S H I P  R O L E S  A N D  
L I P  I N F R A S T R U C T U R E S .  

L E A D E R S H I P  R O L E S  
M O D E S T  N E E D S  F O R  

F U T U R E  R & D
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P R I O R I T I E S
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D U N E S N O +

T I M I N G

P R O T O D U N E  A N A LY S I S  I N  
PA R A L L E L  W I T H  F D  

C O N S T R U C T I O N .  L AT E R ,  R & D  
F O R  P H A S E I I

D ATA  A N A LY S I S  N O W.  
F U T U R E  L S  T E C H N I Q U E  

P O T E N T I A L LY  C O N V E R G E  
A S  D U N E  F D 4

C A R E E R S ,  T R A I N I N G L A R G E  I N T E R N AT I O N A L  C O L L A B O R AT I O N S ,  G O O D  
C O M B I N AT I O N  O F  H W,  A N A LY S I S



E X T R A  S L I D E S
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N E U T R I N O  M A S S ,  W H Y  S O  T I N Y ?
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Mass of  elementary particles  directly 
related to Higgs interaction

Fermion masses

Why this 
huge gap?
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N E U T R I N O  M A S S ,  W H Y  S O  T I N Y ?
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Do neutrinos couple to the Higgs in 
the same way as charged fermions?

Dirac ?

Majorana ?

E .  L I S I ,  N E U T R I N O  2 0 2 4  ( A D A P T E D )

• A test ground for New Physics! 
• Possible explanation for matter/

antimatter asymmetry.
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N E U T R I N O  M A S S  O B S E RVA B L E S
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