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Motivated by a common question:

Why are we here?

np = ny — Ny
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B Violation

C and CP violation
Departure from thermal equilibrium

Neutrinos, Higgs & Flavour
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B Violation
C and CP violation ®
Departure from thermal equilibrium ®

bubble expands

Broken phase
(becomes our Universe)

Problem in

the Standard Model Unbroken phase
Higgs VEV = 0
r5phalerons » H(T)

CP violating
interactions

Higgs VEV # 0
r ~ 0

sphalerons




B Violation
C and CP violation
Departure from thermal equilibrium

bubble expands

Solution using Higgses:
Electroweak Unbroken phase
I Higgs VEV = 0
ba ryog e n eS I S rsphalerons » H(T)
(see e.g.1704.08911)

Broken phase
(becomes our Universe)

CP violating
interactions

Higgs VEV # 0

rsphalerons ~0




Citation: K. Nakamura et al. (Particle Data Group), JPG 37, 075021 (2010) (URL: http://pdg.Ibl.gov)

LIGHT UNFLAVORED MESONS
(S=C=B=0)

For | =1 (=, b, p, 3a): ud, (uT—dd)/\/2, dT;
for I=0(n o h W,w, ¢, f, ) ¢(uw+ dd)+ c(s3)

18Py =17(07)

Mass m = 139.57018 £ 0.00035 MeV (S =
Mean life 7 = (2.6033 + 0.0005) x 1072 s
cr = 7.8045 m

¥ = £y~ form factors [4]
Fy = 0.0254 + 0.0017
Fa = 0.0119 + 0.0001
Fy slope parameter 2 = 0.10 + 0.06
R = 0.050+0-00%9

1P
(S =12)

7 modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the section on
Searches for Axions and Other Very Light Bosons.

=+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
uty, [b] (99.08770+0.00004) % 30
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ety, [6] (1230 0004 )x10~% 70

et vy [c] (739 4005 )x10~7 70
ety n0 (1036 +0.006 )x 108 4
etveete (32 405 )x1079 70
et v < 5 x 1076 00% 70
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C and CP violation
Departure from thermal equilibrium
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B Violation
C and CP violation

Solution using neutrinos: /

Leptogenesis Ng / Ng

Departure from thermal equilibrium (+,
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C and CP violation (+) |
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C and CP violation (v
Departure from thermal equilibrium ()
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Neutrinos, Symmetries and the Origin of Matter

Thesis to obtain the Master of Science Degree in
Engineering Physics




We've touched some exciting open questions...

Research opportunities @ CFTP

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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HEP Search
High-Energy Physics Literature Database
Use "find " for SPIRES-style search (other tips)

% = Easy Search
Ia pontecorvo, b ] Brief format % m Advanced Search

I N S P I R E fing evlett 105 :: more 2 Search on INSPIRE beta |

How 10 SEARCH

h tt @) //l Nspilre h ep.N et SPIRES syntax is (mostly) supported (requires "find")

find a richter, b and t quark and date > 1984

find j phys.rev.,D50,1140 or j jhep,0903,112

find eprint arxiv:1007.5048 (Note the plots available on the detailed record)
find fulltext "quark-gluon plasma” (Note new “fulltext" operator)

find a ellis and refersto a witten (Note "refersto”)

find a kane and citedby title SUSY and topcite 200+ (Note "citedby”)
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Citations Summary

89 papers found, 69 of them citeable (published or arXiv)
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Unitarity bounds for all symmetry-constrained 3HDMs

Miguel P. Bento (Lisbon U. and Lisbon, CFTP and Lisbon, IST), Jorge C. Romao (Lishon U. and Lishon, CFTP and ( 1), Jodo P. Silva (Lisbon
U. and Lisbon, CFTP and Lishon, IST) (Apr 27, 2022)

e-Print: 2204.13130 [hep-ph]

pdf  [= cite %) 0 citations

Dark matter in a CP-violating three-Higgs-doublet model with S3 symmetry
A. Kun€inas (Lisbon, CFTP and Lisbon, IST), O.M. Ogreid (Bergen U.), P. Osland (Bergen U.), M.N. Rebelo (Lisbon, CFTP and Lisbon, IST) (Apr 12,

2022)
e-Print: 2204.05684 [hep-ph]
P e %) 1citation

Softly-broken A, or S; 3HDMs with stable states
Ivo Varzielas de Medeiros (Lisbon, CFTP), Diogo Ivo (Lisbon, CFTP) (Feb 1, 2022)
Published in: Eur.Phys.J.C 82 (2022) 5, 415 « e-Print: 2202.00681 [hep-ph]

pdf 2 DOI [= cite <) 2 citations

The one-loop impact of a dependent mass: the role of mg in the C2HDM
Duarte Fontes (Brookhaven and Lisbon, IST), Jorge C. Romao (Lisbon, IST and Lisbon, CFTP) (Jan 7, 2022)
Published in: JHEP 03 (2022) 144 « e-Print: 2201.02479 [hep-ph]

pdf & DOI [= cite <) 0 citations

Modular flavour symmetries and modulus stabilisation
P.P. Novichkov (IPhT, Saclay), J.T. Penedo (Lisbon, CFTP), S.T. Petcov (INFN, Trieste and Tokyo U., IPMU) (Jan 6, 2022)
Published in: JHEP 03 (2022) 149, JHEP 03 (2022) 149 » e-Print: 2201.02020 [hep-ph]

pdf ¢ DOI [= cite %) 6 citations

3HDM with A(27) symmetry and its phenomenological consequences
J. Kalinowski (Warsaw U. and CERN), W. Kotlarski (Dresden, Tech. U. and NCBJ, Warsaw), M.N. Rebelo (Lisbon, CFTP), |. de Medeiros
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MSc Topics of Physics beyond the
Standard Model:

Flavour and neutrino Physics, Dark

Matter, collider physics, Baryogenesis,...
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You are always welcome to my office!l
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