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Abstract: <div><strong>Abstract:</strong> &oceHow did our universe begin?a€e is possibly one of the oldest questions that have</div>

<div>bewildered humans throughout history. As atheoretical cosmologist, our job isto find a</div>
<div>mathematically consistent picture for early universe that could explain observations, from</div>
<div>the largest to the smallest scales. The past thirty years have witnessed amazing progress,</div>
<div>both in developing technology for precision cosmological observations, and in perfecting</div>
<div>mathematical methodology to explain them. For example, ripplesin cosmic geometry are</div>
<div>now measured with the precision of one part in amillion. We also have sophisticated</div>
<div>mathematical frameworks such as general relativity and quantum theories that describe the</div>
<div>origin of theseripplesin early universe. However, with all of these extraordinary</div>
<div>achievements, some old and new puzzles remain unsolved. For example we still have not</div>
<div>resolved the most crucial puzzle about the origin of cosmos, namely the Big Bang Singularity</div>
<div>problem. We will take ajourney back in time to explore the fascinating realm of early</div>

<div>universe and some of its mysteries.</div>
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Cosmic Observations Meeting Fundamental Theory
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Hubble Law

Ricardo Garcia

irsa: 18070060 Page 3/30



The Jigsaw Puzzle

Dark Matter Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation
ounce?

Big Ban
Singular

Quantut
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

Pirsa: 18070060 Page 4/30



Pirsa: 18070060

Aftergiaow Light
Paitern
400,000 yrs.

Inflation
Bounce?

Fluctuations '

Dark Matter Dark Eneigy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planete;eic,

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

Page 5/30



« Early Time:
Big Bang Singularity, Quantum fluctuations, Generating seeds of Large scale

structure, Big Bang nucleosynthesis, ...
[nflation, Bounce, Quantum gravity, New theories of particle Physics

Observation: CMB and Matter Power Spectrum, Non-Gaussianity, Gravitational

waves? Neutrinos?

* Intermediate time:
Observations: Galaxy curves, lensing signal, CMB ...
Missing Matter: Dark Matter, Mond/ TEVES/MUG,

first stars, galaxy formation, re-ionization ...

 Late Time Acceleration:

Cosmological constant problem, Lambda/Dark Energy/Modified Gravity

Observation: CMB, Supernovae, Gravitational waves
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Anisotropies of order 107(-5)!
Scale Invariant Power Spectrum
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‘
Most recent Picture of baby universe, released last week Q
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Title Planck’s view of the cosmic microwave background
Released 17/07/2018 3:00 pm

Copyright ESA/Planck Collaboration
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Horizon Problem of Standard Big Ban
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Motivation from Particle Physics and
String Theory

Standard Action of a Scalar Field:

' —h .
Sp = / dat/=g[5(0,p0" ) = V()]

However at high energies Scalar Fields may have non-canonical kinetic
terms and they could also intlate the universe!

= / dzt\/=qL(X, o) X = %(‘_'I)‘”(;")('f)ir-(_.:"‘)

Warped D—Brane Sppr = /‘!""\-J'Tl f(0) "1 =2f(0)X = (V(d) = f(6) ")
Inflation :

What are the general

criteria other fields S = / dI4L(¢, T, ’(Z)i, “ .. )

and particles
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Generalized Slow Roll Inflation
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Generalized Slow Roll Inflation
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Gravitational waves

Credit
NSF/LIGO/Sonoma State University/A. Simonne
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BICEP Experiment
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What then?

* Falsifiable?
° What iS Inﬂaton fi Eternal inflation

existence at an unknown rate, creating a complex
web of bubble universes within a vast multiverse.

Avrrammy Rman Kally

* Eternal inflation/F
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Alternatives: Bounce?

e Instabilities

* Getting the right spectrum
* What field?

)
IIIII
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Getting a bounce cosmology through
Cuscuton

Cuscuton (G.G,, N. Afshordi, D. Chung,07; G.G., N. Afshordi, D. Chung, M. Doran, 07)

Specific limit of K-essence Action: Cg = OC.

= Field equation becomes a constraint equation that uniquely determines Cuscuton as a
function of metric

= Nointernal dynamics; only follows what it couples to

= ((';‘m-umn.gkés—ku-tén): derived from the Latin name for the parasitic plant of dodder,
“Cuscuta
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Cuscuton Bounce: No Instabilities!
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