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Heavy Neutral Lepton & Seesaw Mechanism

Motivation:Massless SM neutrinos
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HNLs give mass to light active neutrinos
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Majorana Right-Handed Neutrinos:
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Current Status of HNL Searches
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Benchmarks: 1 GeV at |V, [*=107°
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Standard Seesaw relation
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Big Bang Nucleosynthe3|s (Prlmordlal He)
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HNL & ALP Interactions
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New decay channel of HNLs
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HNL & ALP Interactions
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Evolutions of HNLs & ALPs

Inflation

Reheating at 10° GeV

ALP decouples from HNL

Big Bang Nucleosynthesis

HNL decays before BBN

ALP production

ALP decays?

Neutrino Decoupling

Cosmic Microwave
Background
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Evolutions of HNLs & ALPs

Ssm N/v

K

SmM N/v v

N ——=< N>< SM

SM SM

dYy _ e Y2 Y2 Y3
zHs dz “INN—>SM <Y]$[q,2 1 +7a,a—>NN Y;q,Q o Yﬁfq,Q

YN YN Ya
— YN—>SM Y_ﬁfl_l — YN—av Y—J(\a[q - ﬁ )

dY, eq Ya2 eq Ya2 Y]%
ZHSE ~Yaa—vv (Y;q’Q — 1) = YeasnnN Yaeq,2 B YJ(\erq,2

Y, YN Y,
— Ya—vv ﬁ_l T YN—av Y—ﬁfq_ aeq

Zhong Zhang | Relaxing Limits from BBN on HNLs with ALPs | YTF 2024 |1 18/12/2024

_4H,07 + 3H(pe +pe)

9py + 9pe.
aT, T 9T,

_ 12Hp, + 3H (pa + pa) + 6pa /6t

9pv 4 Opa
3ar, + ot

Y=n/s

z=mylT



Evolutions of HNLs & ALPs
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Astrophysical Constraints

1. SN 1987A (cooling of the core)
2. ELB (X-ray emissions from ALP)
3. Cooling of White Dwarfs or RGB
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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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