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Past research activities

Main interests

• Puzzle of number of generations
• Understanding of fermion masses and mixing
• Model building beyond Standard Model
• Phenomenology of lepton sector
• Leptogenesis mechanisms
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Main interests

• Puzzle of number of generations

Symmetry as explanation?
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• Puzzle of number of generations
• Understanding of fermion masses and mixing
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Past research activities

Main interests

• Puzzle of number of generations
• Understanding of fermion masses and mixing

Also these features can be understood with help of symmetries.



Past research activities

Main interests

• Puzzle of number of generations
• Understanding of fermion masses and mixing
• Model building beyond Standard Model

Many ideas to extend the Standard Model of particle physics

SUSY models Theories of Grand Unification

Models with extra dimension/s

etc.

e.g. H/König (’18) e.g. H/King/Luhn (’12)

e.g. H/Serone (’11)



Past research activities

Main interests

• Puzzle of number of generations
• Understanding of fermion masses and mixing
• Model building beyond Standard Model
• Phenomenology of lepton sector



Past research activities
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Past research activities

Main interests

• Puzzle of number of generations
• Understanding of fermion masses and mixing
• Model building beyond Standard Model
• Phenomenology of lepton sector
• Leptogenesis mechanisms

Leptogenesis explains matter-antimatter asymmetry
of our Universe through a lepton asymmetry. 
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Main interests

• Puzzle of number of generations
• Understanding of fermion masses and mixing
• Model building beyond Standard Model
• Phenomenology of lepton sector
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Aim of FELLINI project NU-ORIGIN

Test and extend neutrino mass models

• SPI: embedding of models into fundamental frameworks
• SPII: signals related to new particles needed for neutrino masses
• SPIII: explanation of matter-antimatter asymmetry and Dark Matter

Dark Matter

Visible matter 
≈ 5



Aim of FELLINI project NU-ORIGIN

Test and extend neutrino mass models

• SPI: embedding of models into fundamental frameworks
• SPII: signals related to new particles needed for neutrino masses
• SPIII: explanation of matter-antimatter asymmetry and Dark Matter

Which models? Why? 
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Figure 1: The neutrino self-energy Feynman diagram. Note that the
color-octet fermion f is Majorana and therefore we do not add an arrow
to the line.

proton decay. If �
↵

couples to the first generation of quarks directly via the couplings �ud, there is
a tree-level contribution to the proton decay channel p ! ⇡0e+. The decay rate can be estimated
to be
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where g denotes the electroweak gauge coupling constant, M
b

(M
t

) the bottom (top) mass and
M

`m the mass of the charged lepton `
m

. This translates into a strong upper bound on �ud

33↵

. Similar

bounds can be derived for the couplings �QQ

ij↵

. Therefore, it makes sense to forbid these couplings
by imposing baryon-number conservation.

In the following, we will perform all calculations in the full theory for simplicity using dimen-
sional regularization in the MS scheme.3

3 Neutrino Masses

The neutrino self-energy Feynman diagram depicted in Fig. 1 leads to the Majorana neutrino mass
matrix

(M
⌫

)
ij

= 4
m

f

(2⇡)8

3

X

k,l=1

3

X

r,s=1

N�
X

↵,�=1

⇣

�LQ

ik↵

�df

l↵

V
kr

⌘

(m
drIrs↵�mds)

⇣

�LQ

jl�

�df

k�

V
ls

⌘

, (3.1)

where 4 is a color factor, N
�

is the number of leptoquarks �
↵

, the integral I
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is defined as
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and m
di denote the d-, s- and b-quark masses for i = 1, 2, 3, respectively. Note that this is the

exact loop integral, using the full propagators for the massive fermions, with the fermion mass

3
As there is no manifest decoupling, a more precise treatment would require an explicit decoupling of heavy

particles at their given mass thresholds in order to be able to resum the logarithms. See Appendix D for some

comments on the treatment of neutrino masses in this approach.

4

Small neutrino masses and 
new particles in reach.

Many aspects not studied …



Aim of FELLINI project NU-ORIGIN

Many aspects not studied …

SPI: embedding of models into 
fundamental frameworks

• Endow such models with symmetries
• Embed these into Theories of Grand Unification 

SPII: signals related to new particles 
needed for neutrino masses

• Phenomenology of lepton sector
• Phenomenology of quark sector
• (Direct) signals at colliders
• Systematic analysis of classes of models



Aim of FELLINI project NU-ORIGIN

Many aspects not studied …

• Invent generation mechanism for matter-antimatter
   asymmetry of our Universe
• Explore possibilities to co-generate matter-antimatter
   asymmetry and Dark Matter

SPIII: explanation of matter-antimatter 
asymmetry and Dark Matter



Scope of secondment

• Ideally supplement this FELLINI project
• Acquisition of new expertise
• Possible focus on collider signals and/or baryogenesis
• Opportunity to establish collaborations with scientists from 

these research fields and possibly different communities 
(e.g. USA, Japan) 



Expectations

• Extension of expertise to new fields
   (phenomenology of quark sector, 
    Dark Matter,
    collider signals and/or baryogenesis)
• Opportunity to co-supervise bachelor, master and PhD 

students and to give lectures on specialized topics
• Responsability for funds: invitation of guests, travel money   

• Improve chances for long-term funding/permanent position   
   by extending expertise, research network, focus on
   research with optionally (co-)supervision/teaching and hol-
   ding prestigious INFN/EU-grant 


