
The Type III See-Saw:
the model and updated constraints
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We need more particles

which ones?

we look at effective operators



dimension 5: Weinberg operator



dimension 5: Weinberg operator



dimension 5: Weinberg operator



dimension 5: Weinberg operator



dimension 5: Weinberg operator
Majorana mass!



dimension 5: Weinberg operator
Majorana mass!



dimension 5: Weinberg operator
Majorana mass!



dimension 5: Weinberg operator
Majorana mass!



dimension 5: Weinberg operator
Majorana mass!



dimension 5: Weinberg operator
Majorana mass!



dimension 5: Weinberg operator
Majorana mass!



Type III See-Saw:



Type III See-Saw:

fermion triplets:



Type III See-Saw:

fermion triplets:



Type III See-Saw:

fermion triplets:



Type III See-Saw:

fermion triplets:



Type III See-Saw:

fermion triplets:



Type III See-Saw:

fermion triplets:



Type III See-Saw:

fermion triplets:



Type III See-Saw:



Type III See-Saw:



Type III See-Saw:



Type III See-Saw:



Type III See-Saw:

change



Type III See-Saw:

change



Type III See-Saw:

change

tree-level FCNC for charged leptons



Type III See-Saw:

change not there in 
Type I See-Saw!

tree-level FCNC for charged leptons



Type III See-Saw:

change

tree-level FCNC for charged leptons

not there in 
Type I See-Saw!



Type III See-Saw:

change

NOT UNITARY!

tree-level FCNC for charged leptons

not there in 
Type I See-Saw!



Type III See-Saw:

change

NOT UNITARY!

measured through

tree-level FCNC for charged leptons

not there in 
Type I See-Saw!



Phenomenology:



LFC:
•

•

•

•

•

•

Phenomenology:



LFC:
•

•

•

•

•

•

LFV:
•

•

•

•

•

Phenomenology:



Phenomenological problem:



Phenomenological problem:

we estimate



Phenomenological problem:

we estimate

we expect



Phenomenological problem:

we estimate

we expect



Phenomenological problem:

we estimate

we expect

undetectable!



Phenomenological problem:

we estimate

we expect

undetectable!

can one have



Phenomenological problem:

we estimate

we expect

undetectable!

can one have

but also



Good idea:



Good idea:

are matrices



Good idea:

are matrices

cancellations in

but NOT in



Good idea:

are matrices

cancellations in

but NOT in

but why?



Good idea #2: 
a symmetry, of course!



Good idea #2: 
a symmetry, of course!

L approximate symmetry



Good idea #2: 
a symmetry, of course!

L approximate symmetry

Weinberg operator violates L



Good idea #2: 
a symmetry, of course!

L approximate symmetry

Weinberg operator violates L

d=6 operator preserves L



3 triplets:

L exact:



3 triplets:

L exact:



3 triplets:

L exact:

massless neutrinos



3 triplets:

L exact:

massless neutrinos

and         form a Dirac pair



3 triplets:

L exact:

massless neutrinos

and         form a Dirac pair

decoupled Majorana fermion



3 triplets:

L exact:

massless neutrinos

and         form a Dirac pair

decoupled Majorana fermion

but:



3 triplets:

L approximate:



3 triplets:

L approximate:



3 triplets:

L approximate:



3 triplets:

L approximate:



3 triplets:

not all entries of are independent:



3 triplets:

not all entries of are independent:



2 triplets:

L exact:



2 triplets:

L exact:



2 triplets:

L exact:

massless neutrinos



2 triplets:

L exact:

massless neutrinos

and         form a Dirac pair



2 triplets:

L exact:

massless neutrinos

and         form a Dirac pair

but again:



2 triplets:

L approximate:



2 triplets:

L approximate:



2 triplets:

L approximate:

again



2 triplets:

L approximate:

again



2 triplets:

L approximate:

again

but this time more stringent relations!



2 triplets:

not all entries of are independent:



2 triplets:

not all entries of are independent:



2 triplets:

not all entries of are independent:



2 triplets:

not all entries of are independent:



2 triplets:

not all entries of are independent:



2 triplets:

not all entries of are independent:



2 triplets:

constrains Majorana phase :



2 triplets:

constrains Majorana phase :

• If                   ,                           (NH)  or                         (IH)



2 triplets:

constrains Majorana phase :

• If                   ,                           (NH)  or                         (IH)
• If                   ,                           (NH)  or                         (IH)



Preliminary results:

Goal: find constraints on 



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :

• W mass



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :

• W mass
• ratios of Z fermionic decays



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :

• W mass
• ratios of Z fermionic decays
• invisible width of Z



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :

• W mass
• ratios of Z fermionic decays
• invisible width of Z
• ratios of weak decays constraining EW universality



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :

• W mass
• ratios of Z fermionic decays
• invisible width of Z
• ratios of weak decays constraining EW universality
• weak decays constraining CKM unitarity



Preliminary results:

Goal: find constraints on 

26 observables as functions of                        :

• W mass
• ratios of Z fermionic decays
• invisible width of Z
• ratios of weak decays constraining EW universality
• weak decays constraining CKM unitarity
• LFV processes: 
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• Neutrinos are massive, but we don’t know why

• The see-saw mechanism can explain small neutrino masses

• We studied the type III see-saw

• If L is an approximate symmetry:

 Interesting correlations in mass matrix
 Potentially large (detectable!) effects

• We are placing new bounds on the parameters of the models with 3 or 
2 triplets (for both Normal and Inverted Hierarchy)

Conclusions


