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Outline

• Construct EFT with RHN assuming neutrinos are Dirac:

Impose B-L invariance

Phenomenological studies on  𝐷 ≤ 6 BNC & BNV operators

• EWPT; LHC limits from 𝑝𝑝 → 𝑙/𝑗 + MET; Decays of 𝑡, 𝜏, 𝑀 → 𝑋 + MET

• Neutrino masses from effective operators

• Stellar cooling by emitting 𝑁

• Contribution to Δ𝑁eff

• Proton decay from BNV operators
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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.

• Tiny Dirac neutrino Yukawa 𝑌𝜈 =
𝑚𝜈

𝐻
∼ 10−13 may be a 

consequence of Dirac Seesaw.

CAU 250217 "Dirac NEFT"    EJChun@KIAS 3



BNC operators
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BNV operators (𝐵 − 𝐿 = 0)
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EWPT limits

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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Collider searches: 𝑝𝑝 → 𝑙/𝑗 + MET

vector scalar
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Top decay

CAU 250217 "Dirac NEFT"    EJChun@KIAS 8



Meson decay: 𝑀± → 𝑙±𝑁
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Tau decay
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Neutrino mass & magnetic moment

• After EWSB, 𝒪𝐿𝑁𝐻  and 𝒪𝐿𝑁𝐵/𝑊 contribute to neutrino mass 
and magnetic moment, respectively:

⇒ Λ𝐿𝑁𝐻 ≳ 2 × 108 GeV
𝐶 = 1
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< 10−12 (for 𝜈𝑒 from stellar cooling) 

⇒ Λ𝐿𝑁𝐵/𝑊 ≳ 106 GeV
𝐶 = 1



Neutrino mass & magnetic moment

• RG running with 𝐶𝐿𝑁𝐻 Λ ≡ 0 [0504134]:
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⇒ Λ𝐿𝑁𝐵/𝑊 ≳ 107GeV
𝐶 = 1

𝜇𝜈𝑁

𝜇𝐵
∼ 10−15

𝛿𝑚𝜈

0.1eV
 ⇔ 𝐶𝐿𝑁𝐻 ∼ 0.02 𝐶𝐿𝑁𝐵/𝑊 (taking the same cut-off Λ)

𝑁 ത𝐿 ത𝐿

෩𝐻

𝐵/𝑊

෩𝐻† ෩𝐻



Neutrino mass from quark condensate

• ത𝑢𝑢 = ҧ𝑑𝑑 = ҧ𝑠𝑠 = ΛQCD
3 ∼ 300MeV 3

• Dirac neutrino mass: 𝑚𝜈 =
ΛQCD

3

Λ2 ⇒ Λ𝐿𝑁𝑄𝑑,𝑄𝑢𝑁𝐿 ≳ 10TeV
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Stellar cooling

• Neutral current processes: 𝑓 → 𝑓𝑁𝑁 𝜈 from the 
𝐿𝑁𝐿𝑒 & 𝑓𝑓𝑁𝑁 (𝑓 = 𝑒, 𝑢, 𝑑, 𝐿𝐿, 𝑄𝑄) operators 

 limiting Λ ≳ 4 TeV.

• Charged current processes: 𝑒𝑞 → 𝑞′𝑁 from the 
𝑑𝑢𝑁𝑒, 𝐿𝑁𝑄𝑑, 𝐿𝑑𝑄𝑁, 𝑄𝑢𝑁𝐿 operators

  limiting Λ ≳ 70 TeV.
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Contribution to Δ𝑁eff 

• Tracking thermalization of 𝑁 down to the BBN era. 

CAU 250217 "Dirac NEFT"    EJChun@KIAS 15



Thermalization processes
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Δ𝑁eff limits
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𝜎 𝑒𝑁 →  𝑒𝜈 ∝



BNV operators (𝐵 − 𝐿 = 0)

CAU 250217 "Dirac NEFT"    EJChun@KIAS 18

1612.04527



Proton decay

• Nucleon transition to meson+lepton induced by BNV 
operators:
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Form factors [2111.01608]
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Nucleon decay limits: 𝑝 → 𝜋+/𝐾+ + 𝑁
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Cf) Flavor dependent limits, e.g., 𝑡𝑐𝑏𝑐𝑠𝑐𝑁 (? )



Conclusion

• Study of Dirac neutrino EFT (B-L invariance with RHN 𝑁).

• RHN appears as MET in collider searches: Λrelevant ≳ 𝑂(TeV).

• Neutrino mass generation:

 Λ𝐿𝑁𝐻 ≳ 108GeV, Λ𝐿𝑁𝐵/𝑊 ≳ 107GeV,  Λ𝐿𝑁𝑄𝑑,𝑄𝑢𝑁𝐿 ≳ 104 GeV.

• Stellar cooling:  Λ(𝑓𝑓𝑁𝑁,𝐿𝑁𝐿𝑒; 𝑑𝑢𝑁𝑒,𝐿𝑁𝑄𝑑,𝐿𝑑𝑄𝑁,𝑄𝑢𝑁𝐿) ≳  (4 ; 70)TeV

• Δ𝑁eff limits: Λ𝐻𝑁𝑒,𝐻𝑁 ≳ TeV,  Λ𝐿𝑁𝐵(𝑊) ≳ 8 5 TeV.

• Proton decays to RHN: Λ𝑁1,2
(𝑢,𝑑,𝑠)

≳ 1015GeV (extendable to 
general flavor structure).
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