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Blueshift y redshift gravitacional
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Edwin P. Hubble

Mount Wilson Mount Palomar
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Produccion electron-positron
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t =15 billion years

Todayt,

Life on earth

T=3K {1 meV)

Gravitacion

Solar system

Quasars

Galaxy formation
Epoch of gravitational collapse

Recombination
Relic radiation decouples (CBR])

Electromagnetismo

Matter domination
Onset of gravitational insfability

Nucleosynthesis

Lightelements created - D, He, Li t=1 second

T=1MeV

Fuerza nuclear fuerte

Quark-hadron transition
Hadrons form - protons & neutons

Eleciroweak phase transition

Electromagnetic & weak nuclear
forces become differentated:
SU(R)xSU(2)xU(1) > SU(3)xU(1)

Fuerza Electrodébil

|

Inflacion

T=10%GeV

The Particle Desert

tl I I le Axions, supersymmetry?

Grand unification transition
G -> H -> SU(3)xSU(2)xU(1)
Inflation, baryogenesis,
monopoles, cosmic strings, etc.?
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Gravedad Cuantica

The Planck epoch

The gquantum gravity barrier
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De donde sale toda la energia del Universo?

pendulo

Conversion de energia potencial en energia cinética
La energia total E=T+V se conserva

Inflacion : E=0



The universe itself could be a product
of quantum uncertainty.

‘empty space” is a sea of virtual particles winking
in and out of existence:
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Una pequena burbuja de
‘vacio cuantico se expande
rapidamente hasta ocupar
todo el Universo




A Inflation Densidad
constante

>

>

e GR

5 0 L |

S

€ Crecimiento

% exponential

o
s | ]

Value of |
reheating end inflaton_ Secciones
the universe inflation field eSpaC|aIes’p|anas
y homogéneas







Consecuencias de Inflacion

BIG BANG

Ondas gravitacionales

13.700 Millones anos
después del Big Bang
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Recombination




"for their discovery of the blackbody form and anisotropy
of the cosmic microwave background radiation”

John C. Mather George F. Smoot
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Probe
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Planck (2013)
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GEOMETRY OF THE UNIVERSE

CLOSED




Formacion de
Estructura a

Gran Escala







Anisotropias CMB

Epoca oscura

Primeras estrellas

Galaxias & Quasares

Cumulos & Supercumulos
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Colapso Gravitacional

Region colapsada
(una galaxia)

Region mas densa
Semilla

1nicial

Expansion (Flujo de Hubble)













El Universo

acelerado:
Energia Oscura




18 December 1998
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ACCEI.ERATING
UNIVERSE



"for the discovery of the accelerating expansion of the
Universe through observations of distant supernovae”

Saul Perimutter Brian P. Schmidt Adam G. Riess
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A(m—M)(mag)

Union-2 SNe la

Amanullah et al. (2012)
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¢.,Cual es la aceleracion
del Universo hoy?




“THE UNIVERSE 1S EXPANDING FASTER THAN EVER AND
| DON'T EVEN FEEL A BREEZE ™
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We have a complete inventory of the universe.

70% dark energy

25% dark matter

5% ordinary
matter




One puzzle: all matter dilutes away,
but dark energy remains constant.
So why are they (very roughly)
comparable today?

expansion

| of the universe
size = %2
size = Ya ,

» The past was dommnated by matter,
the future will be dominated by dark energy.
What makes the present day so special?
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The fate of the universe:

Three scenarios

BIG RIP

CONSTANT

Strengthening dark energy DARK ENERGY

speeds up the Universe,

causing it to break apart | The Universe expands
Gradually, in balance

With gravity

Bi1G CRUNCH

Dark energy weakens
and matter causes the
Universe to collapse

PRESENT

TIME




Formacion
Fondo galaxias Expansion acelerada

radiacion

Inflacion

13.8 mil millones de anos

NASA/WMAP Science Team




Blog : Investigacion y Ciencia

INVESTIGACION

Y CIENCIA SciLogE{"

espanola de SCIENTIFIC AMERICAN

http://www.investigacionyciencia.es/blogs/astronomia

Cosmologia de precision

Juan Garcia-Bellido Capdevila




