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Introduced from neutrinos: 

Known:

• Massive: 1 may be relativistic

• Three flavor, PMNS mixing

Unknown: Sterile-Heavy spices

• As HNL & LLP in collider

• As non-unitarity UV orig.

• Majorana or Dirac, Ordering, Responsible for matter-antimatter asymmetry…

NH (1σ)           IH (1σ)

NH:

IH:

Minimal Seesaw:  mlightest=0      [1909.09610]

NuFIT 6.0 (2024)

=>Motivation: Quantitively constrains the SS
through Parameterization

P. S. Bhupal Dev [2503.21212]

http://www.nu-fit.org/


EWSB Well-known seesaw formular:

Minimal-SS (MSM, Type-I): 

By UV Lag.:    

(Approximated, without Uni. V from UV?)

Tree Dominant

6 × 6 Parameterized:
[1110.0083] Xing

(Exact)

MSM 5 × 5v-N mixing    
Solve Out



• Solution to R (mlightest=0):  

11 DoFs For MSM

tiny v-N 

mixing angle

EMSM

Return to approximated case

=>I



• EMSM’s :

• Casas-Ibarra’s:

• Correlated through:

1. Comparing with Casas-Ibarra’s:

Comparing with CI & NR (approximated)



2. Comparing with the Nature Reconstruction:

• EMSM’s :

• Natural Reconstruction’s:

By solving:

• Correlated through:

[hep-ph/0310278]



Summary on DoFs:

Conclusion: The MSM has 11 DoFs, through θ14 and δ14，
we can explicitly depict the unitarity violation, and constrain 

the Light-Heavy mixing in turn and the following application.

The 11 DoFs for 7 different parameterization scheme are listed: 



Basical nature of  NR:   

• To suppress mv: Heavy

• Gauge singlet: Neutral

• Lepton

• v-N in CC:  U=AU0

=> Non-unitarity

[data from 2208.00416] 

Constrains as HNL:

M1=M2
δ14=0, σ=0 

https://www.hep.ucl.ac.uk/~pbolton/plots.html

HNL

cLFV:

Application:



Constrains on Non-Unitarity:
Deg.

Heir.

[2306.01040]
[2103.01998]



Leptogenesis (Based on Ulysses Package V2.0.1 and “2BE3F”,  “2RESsp” mode）

Ye-Ling Zhou’s speech 

Interested 
mass scale

• Classical thermal CP asymmetry:

• Resonant CP asymmetry:

• Boltzmann Equation: Re: Spector Washout

Mixing

Oscillation
Anisimov, Buchmuller, Drewes, 

Mendizabal, 1012.5821

Ye-Ling Zhou’s speech 

[1909.09610]



Leptogenesis (Based on Ulysses V2.0.1 and “2BE3F”,  “2RESsp” mode）

=

[2007.09150] [2301.05722]

[PLANCK, 2018]



Conclusion:

• EMSM solve the exact Seesaw relation in MSM，

• Return to approximated scenario 

• Correspondence with C-I and NR’s 

• Make a general table list for 11 params.

Application

• Constrains to v-N mixing angles and HNL masses scale

• Probing Leptogenesis

May for further Research

• 1-loop applicability

• Light-sterile neutrino models



Thanks for your listening!

Questions are Welcomed



• 3-Step Parameterizing MSM (mlightest=0):  

T
# Step1 DoFs counting:

Buy ten-5×5 rotation matrices in the complex plane：

DoFs Light-light Heavy-heavy Interplay (v-N)

Complex phases 3 1 6

Mixing angles 3 1 6

Summed: 7 5: -1 Up. phase 0: -2 basis select. 2: -9 Cond.-1 Up

4-from heavy
7-from light v Exp.

√

11 DoFs
For MSM



Appendix. A Solution: 



Appendix. B Solution: 



Appendix. C loop function

Appendix. D 1-loop level (Feynman Gauge) Shun Zhou’s 
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