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Few recent references:

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

and 1807.03098

Cline s lectures:

1807.08749

Bauer and Plehn:

1705.01987

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

I.0 Introduction and motivation

I.1 Brief review of GR

I.2 Dynamics of the Universe

I.3 Thermal history of the Universe

Our whole universe was in a hot dense state

Then nearly fourteen billion years ago expansion 

started



CLASHEP 2019 4

Shameless advertising

www.ictp-saifr.org



CLASHEP 2019 5

Apply!



CLASHEP 2019 6



CLASHEP 2019 7

I.0- Introduction

Why should a particle physicist learn cosmology?

‡main evidences from BSM comes from cosmology:

dark matter, dark energy, inflation;

‡particle physics affect cosmology: eg origin of matter-

anti-matter asymmetry, Higgs as inflaton, neutrinos and

the formation of structures, phase transitions; 

‡cosmology affects particle physics: eg evolution of the

Universe may be responsible for electroweak symmetry

breaking (relaxion idea). 
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‡early Universe is a testbed for SM and BSM: stability or

metastability of SM vacuum, new physics tests from CMB,

inflation, matter-antimatter asymmetry,... 

‡gravity (geometry) may play an important role in particle 

physics: eg models with warped extra dimensions 

‡new particles from geometry: KK excitations, radion, etc

‡models with extra dimensions can change the evolution

of the Universe (and hence be tested).



CLASHEP 2019 9

Ouroboros symbol

Micro and Macro



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). BeyondMCDM!

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!

Many experiment are taking a huge

amount of data that are being analyzed in

order to find out which model best

describes the universe.

tU= (13.799±0.021)x109 years [used to be 109±1 years]  
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Cosmological probes      

‡Cosmic Microwave Background (CMB)

‡Big bang nucleosynthesis (BBN)

‡Supernovae (type Ia)

‡Baryon acoustic oscilation (BAO)

‡Gravitational lensing

‡Number count of clusters of galaxies
12
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Eisenstein

HST
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Cosmological probes      

s02_full2.mpg


We know that we don tknow what 95% of

the Universe is made of:

What is dark matter?
Cold, warm, fuzzy, self-interacting...

What is dark energy?
New degree of freedom/MG:

Quintessence, galileon, f(R),

Hordensky, beyond Hordensky,

massive gravity, EFTofDE...

Does it interact with matter?

Does it cluster?
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I.1- Brief Review of GR

General Relativity rules the Universe at large scales!

Classical description is sufficient in most cases.
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I.1.0 Classical field theory in a nutshell

Fields          lagrangian         action         equations of motion

Fundamental degrees 

of freedom

(not always physical)

Dynamics 

(use of symmetries)
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I.1.1 Einstein s equation    

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 

Flat space-time Minkwoski metric
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Standard Cosmological Model

Geometry

Matter/Energy/Pressure

Kolb

Matter tells space
how to curve

Space tells matter
how to move
(J.A. Wheeler)
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