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Beta Decay & Double Beta Decay (DBD)
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Mixing & Oscillation Recap
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2 neutrino oscillation:



 

DUNE Experiment Proton-target interaction

Mesons

K /π+ → l±N → l±ν

Detected at ND
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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

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

ℒDirac = − YνL̄ ⋅ HνR + h.c.

Dirac mass by Right-Handed Neutrinos:

Majorana Right-Handed Neutrinos:

mν ≃
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D
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≃

(1)2

1010
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Light Neutrino Mass:

|VeN |2 ≃
mν

MR
Active-Sterile mixing
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Inverse Seesaw & Parameterization
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General Expression for type-II Seesaw: 

Linear Seesaw Typical Inverse Seesaw
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Dirac CP Phase

Majorana CP Phases

(ℳν)11
= 0 ⇒ c2

e1c
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e2
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ei(ϕ2 − 2δ) = 0

max (Lν, L1, L2) ≤ min (Lν, L1, L2) + med (Lν, L1, L2)

Unitary Condition:

One generation analysis:
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DBD Decay Time0ν
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meff
ββ = αmν + βmNs2
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DUNE & DBD Benchmarks
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Benchmarks: 400MeV at =  


                        800MeV at =

|VeN |2 10−9

|VeN |2 2 × 10−7
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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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Light Neutrino Masses & Ordering
3 > 2 > 1 Normal Ordering?

2 > 1 > 3 Inverted Ordering?

Ordering matters in case of 3 + 2 model 
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Benchmark: 


400MeV at =                        


800MeV at = 


Light masses:

 eV        near saturation

 eV        below saturation

|VeN |2 10−9

|VeN |2 2 × 10−7

10−1.9

10−2.5
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1. DUNE sensitive to 

2. DBD sensitive to 

3. Larger light mass gives 

larger overlap region

|VeN |2

rΔ

Results
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mN mexp
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rΔ (2 + rΔ)



13 Zhong Zhang | Probing HNLs with DS & Neutrinoless DBD | YTF 2022 | 15/12/2022 

Conclusion
1. DBD tests the Majorana nature of neutrinos & HNLs

2. DUNE probes HNLs by active-HNL mixing angles

3. Both can probe near-GeV HNLs above Seesaw limit

4. Future study in 3 + 2 cases for mass ordering

5. Cosmological study to give comprehensive analysis

0ν
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Thanks for listening


Any Questions?


