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Heavy Neutral Lepton & 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 ≃
m2

D

MR
≃

(1)2

1010
GeV = 0.1eV

Light Neutrino Mass:

|VeN |2 ≃
mν

MR
Active-Sterile mixing
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Current Status of HNL Searches
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Benchmarks: 1 GeV at =  |VeN |2 10−9
Standard Seesaw relation 

limit by |VeN |2 = mν /mN

 GeV 
 eV - MeV

fa = 103

ma =
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Big Bang Nucleosynthesis (Primordial He)
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Benchmarks: 1 GeV at =  |VeN |2 10−9
Standard Seesaw relation 

limit by |VeN |2 = mν /mN
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HNL decays to 
SM particles via 
neutrino-HNL 
mixing (1s after 
Big Bang)

 GeV 
 eV - MeV

fa = 103

ma =
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HNL & ALP Interactions
ℒaN =

CaN

fa (∂μa) N̄γμγ5N = −
2iCaN

fa
mNaN̄γ5N = −

2iCaNUνN

fa
mNaN̄γ5ν

New decay channel of HNLs

τN =
1

ΓNaν
≃

8π f 2
a

U2
νNm3

N
= 1sec × 8π × ( fa

1TeV )
2

× ( 10−7

UνN )
2

× ( 100MeV
mN )

3

GeV HNL can survive for 0.1s   GeV, fa = 103 |VeN |2 = 10−9
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HNL & ALP Interactions
ℒaN =

CaN

fa (∂μa) N̄γμγ5N = −
2iCaN

fa
mNaN̄γ5N = −

2iCaNUνN

fa
mNaN̄γ5ν

Decay channel of ALPs

GeV HNL can survive for 0.1s   GeV, fa = 103 |VeN |2 = 10−9
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Inflation Reheating at  GeV105

Big Bang Nucleosynthesis

Neutrino Decoupling

ALP decouples from HNL

HNL decays before BBN 
ALP production

Cosmic Microwave 
Background

ALP decays?
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Evolutions of HNLs & ALPs
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Evolutions of HNLs & ALPs

z = mN /T

Y = n /s
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Evolutions of HNLs & ALPs

HNLs decay before BBN 
ALPs decay after BBN
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Astrophysical Constraints
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1. SN 1987A (cooling of the core) 
2. ELB (X-ray emissions from ALP) 
3. Cooling of White Dwarfs or RGB 
4. Neff at CMB
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Results
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Direct Search Results
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Conclusion
1. BBN limits on HNLs can be evaded by the axionic 

channel. 
2. ALPs and neutrinos produced will challenge current 

observations of Neff. 
3. 1 MeV - 1 GeV HNLs are tightly constrained by SN. 
4. Long-Lived HNL with axionic decay mode can be 

probed by beam dump experiments. 
5. Precise modelling of beam dump experiments.  
6. MeV HNLs can be studied in details.
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Thanks for listening 

Any Questions?
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