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OUTLINE

• TYPE I SEESAW WITH THREE RHNS FOR THE GENERATION OF NEUTRINO MASS

AND ITS CONNECTION TO DARK MATTER PHYSICS.

• DODELSON-WIDROW/SHI-FULLER MECHANISM FOR KEV RHN DM & ITS

VARIATION.

• HEAVIER RHN DM THROUGH RESONANT NON-ADIABATIC TRANSITION IN THE

RHN SECTOR.
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TYPE I SEESAW

• SINGLET MAJORANA FERMION 𝑁 COUPLING TO THE NEUTRINO YUKAWA TERM:

• TYPICAL SIZE OF THE YUKAWA FOR SEESAW: 

• TWO MASSES FOR ATMOSPHERIC AND SOLAR NEUTRINOS → ONE RHN CAN BE COSMOLOGICALLY

STABLE:
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DODELSON-WIDROW/SHI-FULLER MECHANISM 

• NEUTRINO PROPAGATION IN THERMAL BACKGROUND (MSW EFFECT) OF

𝑓 = 𝛼, 𝜈𝛼 , 𝑞 WHERE 𝛼 = 𝑒, 𝜇, 𝜏.
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THERMAL MEDIUM EFFECT

• STERILE NEUTRINO (𝜈𝑠 = 𝑁) PRODUCTION THROUGH THE 𝜈𝑎 − 𝜈𝑠 MIXING IN THE

PLASMA: THERMAL EFFECT OF THE TOTAL NUMBER DENSITY (𝑛𝑎 + 𝑛 ത𝑎) AND LEPTON

ASYMMETRY (ℒ𝑎 = (𝑛𝑎 − 𝑛 ത𝑎)/𝑠).
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Dodelson-Widrow ’93 + Shi-Fuller ’98

Abazajian, et.al, 0101524
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SUMMARY PLOTS
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Abazajian, 2102.10183

Boyarsky et.al., 1807.07938



NSI TO OPEN UP NEW REGION
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Ex) 𝜙𝜈𝑎𝜈𝑎;  𝜙𝜈𝑠𝜈𝑠;  𝜙𝜈𝑎𝜈𝑠

𝑋𝜇 ҧ𝜈𝑎𝛾𝜇𝜈𝑎;  𝑋𝜇 ҧ𝜈𝑠𝛾𝜇𝜈𝑠;  𝑋𝜇 ҧ𝜈𝑎𝛾𝜇𝜈𝑠

Bhupal Dev, et.al., 2505.22463 & refs therein



PROPAGATION IN THERMAL MEDIUM

• THE MODEL: 

• ASSUME 𝑦11 ≪ 𝑦12 ≪ 𝑦22 TO MAKE 𝑁1 DM, AND 𝑁2 (& 𝜙) IN THERMAL EQUILIBRIUM.

• THERMAL CORRECTION TO RHN PROPAGATION AT RELATIVISTIC LIMIT:
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THERMAL HAMILTONIAN
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NONADIABATIC TRANSITION
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LANDAU-ZENER PRODUCTION

• 𝑁1 DM NUMBER DENSITY

• RESONANCE & STABILITY
REQUIREMENT

• NON-THERMALIZATION OF 𝑁1

• APPLICABLE DOWN TO MEV
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CONCLUSION

• CONNECTING ORIGINS OF NEUTRINO MASS AND DARK MATTER.

• STERILE (RH) NEUTRINO CAN BE COSMOLOGICALLY STABLE TO BECOME A DM CANDIDATE.

• ORIGINAL MECHANISM OF DW PREDICTING KEV DM HAS BEEN STUDIED AND EXTENDED IN

MANY WAYS ASSUMING VARIOUS NSI. 

• WE SUGGEST A NEW SCENARIO WITH THERMAL EFFECT IN THE RHN SECTOR REALIZING DM 

PRODUCTION THROUGH RESONANT NON-ADIABATIC PROCESS, WHICH WORKS FOR ANY MASS

SCALE ABOVE MEV.
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