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Seesaw Mechanism

Motivation:Massless SM neutrinos 
HNLs give mass to light active neutrinos

ℳν = ( 0 mD
mD MR) = U (mν 0

0 mN) UT

ℒDirac+Majorana = − YνN̄L ⋅ H − 1/2N̄cMRN +  h.c.

ℒDirac = − YνL̄ ⋅ HνR + h.c.

Dirac mass by Right-Handed Neutrinos:

Majorana mass:

mν ≃
m2

D

MR
≃

(1)2

1010
GeV = 0.1eV

Light Neutrino Mass:

|VeN |2 ≃
mν

MR

Active-Sterile mixing 
(Standard Seesaw Limit)
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DUNE Experiment Proton-target interaction

K /π+ → l±N → l±ν

Detected at ND
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Collision

Meson decay

N production & decay

Products detection

 Zhong Zhang | 05/04/2023 | Berryman, de Gouvea, Fox, Kayser, Kelly, Raaf, JHEP 02 (2020) 174 

Neutrinoless Double Beta Decay ( DBD)0ν

T−1
1/2 = mββ

2
G0v M0v

2
Decay half-life:

Particle Physics: mββ =
3

∑
i=1

U2
eimvi Nuclear Physics

Atomic phase space

 Or Nν

DBD

DBD0ν

 Zhong Zhang | Probing HNLs with DS & Neutrinoless DBD | NuPhys 2023 | 18/12/2023 



Benchmarks
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Benchmarks: 400MeV at =   

                        800MeV at = 

|VeN |2 10−9

|VeN |2 2 × 10−7

DBD current limit: 
 years1026

DBD future 
sensitivity: 

 years 
(Legend-1000)
1028

Shaded current 
excluded 
region by 
direct searches 

DUNE sensitivity

Standard Seesaw relation 

limit by |VeN |2 = mν /mN
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|VeN |2 = |Ue1 |2 + |Ue2 |2 ≃ |Ue1 |2 ≃ s2
e1 = |Θe1 |2
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Conclusion
1. DBD is sensitive to , ,  
2. DUNE precisely probes active-HNL mixing angles 
3. Both can probe near-GeV HNLs above Seesaw limit 
4. Testing of the pseudo-Dirac limit of the Seesaw 
5. Analytical approximations of  constraints

0ν α21 rΔ ϕe1

rΔ
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Thanks for listening!
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Light effective masses (  in 1+2): 

IO:  eV        
NO:  eV       

mν

10−1.3

10−2.4

Results
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 channel is added in DUNE analysisμ

5 Free Parameters: , , , , α21 mN |Θe1 |2 ϕe1 rΔ
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