
Neutrinos, Higgs & Flavour

João Penedo, CFTP/IST

13 May 2022



Neutrinos, Higgs & Flavour

João Penedo, CFTP/IST

13 May 2022

Fields:



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



for Particle Physics since 1960



for Particle Physics since 1960 ?



for Particle Physics since 1960 ?



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour

From: A.M.Coutinho 
Master Thesis



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour
From: A.Toorop PhD Thesis



Neutrinos, Higgs & Flavour
From: A.Toorop PhD Thesis

From: P.Novichkov Discrete 2018 slides



Neutrinos, Higgs & Flavour
From: A.Toorop PhD Thesis

From: P.Novichkov Discrete 2018 slides

From: I. Varzielas / F. Joaquim slides



Neutrinos, Higgs & Flavour
From: A.Toorop PhD Thesis

From: P.Novichkov Discrete 2018 slides

From: I. Varzielas / F. Joaquim slides



Neutrinos, Higgs & Flavour



Neutrinos, Higgs & Flavour

From: A.Toorop PhD Thesis

Motivated by a common question: 

Why are we here?



Neutrinos, Higgs & Flavour

Motivated by a common question: 

Why are we here?

B Violation
C and CP violation
Departure from thermal equilibrium

From: A.Toorop PhD Thesis



Problem in
the Standard Model

Neutrinos, Higgs & Flavour

B Violation
C and CP violation
Departure from thermal equilibrium



Neutrinos, Higgs & Flavour

Solution using Higgses: 

Electroweak
baryogenesis

(see e.g. 1704.08911)

B Violation
C and CP violation
Departure from thermal equilibrium



From: A.Ibarra ICTP Summer School talk 



Neutrinos, Higgs & Flavour

Solution using Higgses: 

Electroweak
baryogenesis

(see e.g. 1704.08911)

B Violation
C and CP violation
Departure from thermal equilibrium



Neutrinos, Higgs & Flavour

B Violation
C and CP violation
Departure from thermal equilibrium

Solution using neutrinos: 

Leptogenesis



Neutrinos, Higgs & Flavour

B Violation
C and CP violation
Departure from thermal equilibrium

Solution using neutrinos: 

Leptogenesis
& type I seesaw



Neutrinos, Higgs & Flavour

B Violation
C and CP violation
Departure from thermal equilibrium

Solution using all 3: 

Flavoured
Leptogenesis

w/ type II seesaw



Research opportunities @ CFTP

We’ve touched some exciting open questions...

CP violation. What are the new sources?

 How do fermions get mass?

How to explain the baryon asymmetry of the Universe?

What is the nature of Dark Matter?

How do neutrinos get mass?

Is there an extended Higgs sector?

What is the role of flavour symmetries?

and many more...
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Obrigado!

joao.t.n.penedo@tecnico.ulisboa.pt

21 841 9680 (ext. 3680)
Office 5 - 1. 13 (5th floor DF)
CFTP, IST
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