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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

ITag [c] (200 4025 )x10—4 30
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

|| I DARK MATTER |
Mass m= ?

J=7?
Mean life + =7
p
DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
? /4 7 ?
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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




B Violation
C and CP violation

Solution using neutrinos: /

Leptogenesis Ng / Ng

Departure from thermal equilibrium (+,




B Violation
C and CP violation
Departure from thermal equilibrium (+,
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B Violation () )
C and CP violation (+)
Departure from thermal equilibrium (v)

Neutrinos, Higgs & Flavour
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Solution using all 3:

Flavoured [ e
. LISBOA
Leptogenesis
w/ type Il seesaw

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...



Possible Work Programmes
in the domain of Theoretical Particle Physics

Research opportunities @ CFTP

The Higgs boson and the origin of fermion masses: the role of symmetries
Beyond the Standard Model with Multi-Higgs
Neutrino Physics and Future Experiments

CP violation in the quark and lepton sectors

Supervisors

Gustavo C. Branco

Margarida N. Rebelo



Inspire HEP

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 D //l n S D | re h e D 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”)



http://inspirehep.net

POﬂ'[eCOl’VO, BM ‘ (% View on INSPIRE beta

View Profile Manage Profile Manage Publications Help

PERSONAL INFORMATION

Personal Details (HepNames)

Name Bruno Pontecorvo
Links http://pontecorvo.jinr.ru/
Fields HEP-PH

Identifiers BAI: B.Pontecorvo.1
INSPIRE: INSPIRE-00158012

Period Rank Institution

Dubna, JINR

Update Details

Name Variants

Pontecorvo, B.M. (17)
Pontecorvo, B. (72)

PUBLICATIONS AND OUTPUT

Publications Datasets External
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Neutrinos today in the universe and in
NEUTRINOS TODAY

. DISCUSSION OF THE SOLAR NEUT

REACTOR NEUTRINO OSCILLATIO!
RECOLLECTIONS ON THE ESTABLI
INTERACTION NOTION

. Neutrinos from Decays of Intermediatt

. Neutrinos from Decays of Intermediat(
. REACTOR EXPERIMENTS AND SOL

SOME EARLY INVESTIGATIONS ON
Neutrino Oscillations With Large Oscil
Neutrino Masses?

PAGES IN THE DEVELOPMENT OF

Click here to see all

Co-Authors

S.M.Bilenky.1 (28)
A.Kulikov.1 (5)
A.V.Kuptsov.1 (4)
D.Khazins.1 (4)
E.P.Hincks.1 (4)
L.L.Nemenov.1 (4)

INSPIRE

http://inspirehep.net

STATS

Citations Summary

89 papers found, 69 of them citeable (published or arXiv)

Number of papers
analyzed:

Number of citations:

Citations per paper
(average):

huxep index [?]

Citeable
papers

69

9250
1341

24

Breakdown of papers by citations:

Renowned papers (500+)
Famous papers (250-499)

Very well-known papers

(100-249)

Citeable
papers

5
0
7

Published
only

68

9250
136.0

24

Published
only
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Thank youl!

gbranco@tecnico.ulisboa.pt
rebelo@tecnico.ulisboa.pt

until end of February 2020:

00 4122 767 2821 (GCB), CERN, TH Dept
00 4122767 3206 (MNR), CERN, TH Dept

after 29 February 2020:

218417933 (GCB), CFTP, IST
218419010 (MNR), CFTP, IST
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