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http://www.damtp.cam.ac.uk/user/db275/Cosmology/Lectures.pdf

Plan:

1.0 - Introduction and motivation

.1 - Brief review of GR

.2 - Dynamics of the Universe

.3 -~ Thermal history of the Universe

Our whol e universe Wasmeiﬂiﬂa
Then nearly fourteen billion years ago expansion BANG
started THEORY
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UPCOMING SCHOOLS AND ACTIVITIES (COMPLETE LIST)

Feb. 04 - Feb. 2019 Meeting of Scientific Council and Steering Committee
Feb. 11 - Feb. 15 4th Joint Dutch-Brazil School on Theoretical Physics
Feb. 12 ICTP-SAIFR Distinguished Public Lecture by Juan Maldacena

Feb. 25 - Mar. ICTP-SAIFR/FAIR Workshop on Mass Generation in QCD
Mar. Mecéanica Quantica: Caracteristicas e Descaracterizagdo
Papos de Fisica

Mar. 16 - Apr.
Inscrigbes até 10 de margo

Mar. 30 - Mar. Fisica Moderna para Professores do Ensino Médio

Inscrigbes até 10 de margo de 2019

Apr. 01 - Apr. Minicourse on Quantum Gravity from the QFT perspective

Application deadline: March 18, 2019

Apr. 27 - May. Minicurso de mecénica quantica para ensino medio

Inscrigdes até 21 de abril

Jun. 01 - Jul. Minicurso de modelagem matematica para ensino medio

Inscrigbes até 26 de maio

Jul. 01 - Jul. Preparatory School for StatPhys 2019

Application deadline: May 5, 2019

Jul. 06 - Jul. 2019 IFT-Perimeter-SAIFR Journeys into Theoretical Physics

Application deadline: April 28, 2019

Jul. 11 2019 ICTP-SAIFR Competition for Young Physicists
Application deadline: June 30, 2019

Jul. 16 - Jul. 19 Conference on Perspectives in Nonlinear Dynamics
Registration deadline: May 5, 2019

Jul. 22 - Aug. 02 11l Joint ICTP-Trieste/ICTP-SAIFR School on Observational
Cosmology
Application deadline: May 12, 2019

Aug. 05 - Aug. School on High Energy Astrophysics
16 Application deadline: May 26, 2019

Aug. 19 - Aug. American Monsoons: progress and future plans
24 Deadline for requesting financial support: April 14, 2019

WWW.ICtp-saifr.org

Minicurso de eletromagnetismo e relatividade para ensino medio

14. Mar 2019

APPLICATIONS FOR...
» Simons-FAPESP Professor Position in

Biological Physics
Application deadline: November 15, 2018

» FAPESP Postdoctoral Positions

Application deadline: December 1, 2018

« Science journalism fellowship
Application deadline: December 10, 2018

* Perimeter-FAPESP Postdoctoral
Positions
Application deadline: December 1, 2018

» Scientific Visits

* Proposals to Organize 2020 Activities
Submission deadline: December 31, 2018
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On February 12, Juan Maldacena (IAS Princeton) presented
a lecture for the general public entitied “Black Holes and the
Structure of Spacetime”. Prof. Maldacena is a member of the
ICTP-SAIFR steering committee and his awards include the
MacArthur Fellowship (1999), the Dirac Medal (2008), the
Fundamental Physics Prize (2012), and the Diamond Konex
Award (2013) as the most important Argentinian scientist of
the last decade.

O CATE s
IL [P- »“*ILQ BLOG Q L]
Oct. 05, 2018 Um mateméatico no mundo das vacas
esféricas

Sep. 26, 2018 O que sabemos que ndo sabemos?
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In the last two decades, cosmology has become a data driven science.
Several observational probes of the Universe, such as the cosmic
microwave background, the large scale distribution of galaxies, the
weak gravitational lensing of galaxy shapes, the mapping of superovas
and the number of clusters of galaxies are being studied by different
experiments to explore fundamental physics describing the nature of
dark matter and dark energy.

This is the third edition of a joint ICTP-Trieste/ICTP-SAIFR two-week
Cosmology School, aimed at providing students with the necessary
tools for understanding the current issues in modern cosmology and to
familiarize them with how recent observations can be used to constrain OO
different cosmological models and parameters. AFAPESP (TP unesp ™
There is no registration fee and limited funds are available for travel and local

expenses.

Apply!
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|.0- Introduction

Why should a particle physicist learn cosmology?

Tmain evidences from BSM comes from cosmology:
dark matter, dark energy, inflation;

T particle physics affect cosmology: eg origin of matter-
anti-matter asymmetry, Higgs as inflaton, neutrinos and
the formation of structures, phase transitions;

T cosmology affects particle physics: eg evolution of the
Universe may be responsible for electroweak symmetry
breaking (relaxion idea).
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Tearly Universe is a testbed for SM and BSM: stability or
metastability of SM vacuum, new physics tests from CMB,
inflation, matter-antimatter asymmetrys,...

T gravity (geometry) may play an important role in particle
physics: eg models with warped extra dimensions

Tnew particles from geometry: KK excitations, radion, etc

T models with extra dimensions can change the evolution
of the Universe (and hence be tested).
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Micro and Macro
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Standard Model of Particle Physics works fine
but it Is unsatisfactory (neutrino masses, dark
matter, hierarchy problem, etc). Beyond SM!

Standard Model of Cosmology (MCDM) works

fine but it Is unsatisfatory (value and nature of
M). Beyond MCDM!

Models abound! We have to see what Nature
has chosen...
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Cosmology has recently become a data
driven science. Era of precision cosmology!

t,= (13.799+£0.021)x10° years [used to be 10%*! years]

Many experiment are taking a huge
amount of data that are being analyzed in
order to find out which model best

describes the universe.
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Cosmological probes

ICosmic Microwave Background (CMB)
1Big bang nucleosynthesis (BBN)
iSupernovae (type la)

iBaryon acoustic oscilation (BAO)
iGravitational lensing

INumber count of clusters of galaxies



Cosmological probes

Baryon density Quh>
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We know that we d o nknotv what 95% of
the Universe i1s made of:

What is dark matter?

Cold, warm, fuzzy, self-interacting...
Dark Energy
73%

What Is dark energy?

New degree of freedom/MG:
Quintessence, galileon, f(R),
Hordensky, beyond Hordensky,
massive gravity, EFTofDE...
Does it interact with matter?

. Atomic Matt
Does it cluster? e

ight
HEP 2
CLAS 0 005%

Dark Matter
23%

/\

Neutrinos 14
0.0034%



|.1- Brief Review of GR

General Relativity rules the Universe at large scales!
Classical description is sufficient in most cases.

1.1.0 Classical field theory in a nutshell

Fields —— lagrangian——s action — equations of motion
\ I \ ]\ I

| | |
Fundamental degrees Dynamics
of freedom (use of symmetries) 5 S — O

(not always physical)
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.11 Eil nstein s equation

1
G =R, — §QWR = 8nG1,,

10 nonlinear differential equations. In general it must be solved
numerically, eg gravitational waves from coalescence of
binary black holes.

Fundamental field of gravity: metric

ds® = g, dxdx” Juag " = 0y,
guvgu =4

Flat space-time Minkwoski metric '
v = - O
—1

pupt = E? — (p)?
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Standard Cosmologic
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