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Outline

• Construct EFT with RHN assuming neutrinos are Dirac:

Impose B-L invariance

Phenomenological studies on  𝐷 ≤ 6 operators

• Collider limits

• Neutrino mass & magnetic moment

• Stellar cooling

• Contribution to Δ𝑁eff

• Proton decays
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Defining Lagrangian

• Introduce 𝑁 = 𝑁𝑅 with B-L charge −1.

• Assume B-L is a good quantum number and thus 𝑁 has no 
Majorana mass.

• Dirac neutrino mass either from small Yukawa, or EFT 
operators.
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𝐵 = 0 operators
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𝐵 ≠ 0 operators (𝐵 − 𝐿 = 0)
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EWPT limits

• Λ ≳ 1 − 3 TeV

Γ(𝑍 → inv) < 2 MeV ⇒  Λ𝐻𝑁,𝐿𝑁𝑍 > 1 TeV

BR ℎ → inv < 10 % ⇒  Λ𝐿𝑁𝐻 > 2.8 TeV

ΔΓ 𝑊 → 𝑙𝜈 < 2 × 10−3Γ 𝑊 → 𝑙𝜈 ⇒  Λ𝐻𝑁𝑒 > 0.58 TeV

𝐶 = 1
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Top decay

• Λ ≳ 0.1 TeV
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Meson decay: 𝑀± → 𝑙±𝑁

• Λ ≳ 0.5 − 2.5 TeV
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Tau decay

• Λ ≳ 1 − 1.6 TeV
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Collider searches: 𝑝𝑝 → 𝑙/𝑗 + MET

vector scalar
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• Λ ≳ 1 − 3 TeV



Neutrino masses

• From 𝒪𝐿𝑁𝐻

• From 𝒪𝐿𝑁𝑄𝑑 & 𝒪𝑄𝑢𝑁𝐿

18/12/2024  UNSW "Dirac NEFT"    EJChun@KIAS 11

⇒ Λ𝐿𝑁𝐻 ≳ 2 × 108 GeV
𝐶 = 1

⇒ Λ𝐿𝑁𝑄𝑑, 𝑄𝑢𝑁𝐿 ≳ 21 TeV



Neutrino mass & magnetic moment

• From 𝒪𝐿𝑁𝐵/𝑊

• Stellar cooling bound 
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< 10−12

⇒ Λ𝐿𝑁𝐵/𝑊 ≳ 106 GeV

⇒ Λ𝐿𝑁𝐵/𝑊 ≳ 107GeV

𝐶𝐿𝑁𝐻 ∼ 0.02 𝐶𝐿𝑁𝐵/𝑊

𝐿𝑁

𝐻

𝐻 𝐻

𝐵/𝑊

0504134



Stellar cooling
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Barbieri, Mohapatra, 89

2007.03319

• Λ ≳ (2 − 700) × 103 GeV

Raffelt



Contribution to Δ𝑁eff 

• Tracking thermalization down to the BBN era. 
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Thermalization processes
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Δ𝑁eff limits
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𝜎 𝑒𝑁 →  𝑒𝜈 ∝

Λ ≳ 8 − 80 TeV



Nucleon decay from 𝐵 ≠ 0 operators

• Nucleon transition to meson+lepton
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𝑁 → 𝑃 ҧ𝑙



Form factors [2111.01608]
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Nucleon decay limits

• Λ ≳ (1 − 3.5) × 1015 GeV
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Conclusion

• Study of Dirac neutrino EFT

• RHN appears as MET in collider searches— 
Z/W/h/top/tau/meson decays: Λ ≳ 𝑂(TeV).

• Neutrino mass and magnetic moment: 

 Λ𝐿𝑁𝐻 ≳ 108GeV, Λ𝐿𝑁𝐵/𝑊 ≳ 107GeV.

• Stellar cooling: Λ𝐿𝑁𝐵/𝑊 ≳ 106GeV

• Δ𝑁eff limits: Λ𝐻𝑁𝑒,𝐻𝑁 ≳ 104GeV,  Λ𝐿𝑁𝐵(𝑊) ≳ 105GeV.

• Nucleon decays via BNV operators: Λ𝑁1,2
(𝑢,𝑑,𝑠)

≳ 1015GeV 
(extendable to general flavor indices via loops).
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