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Inflationary Predictions 



Basic Inflationary Predictions 
Geometry  and matter: 

•  Homogeneity (acausal origin) 
•  Flat spatial sections (exp. growth) 
•  No appreciable topology (exp.growth) 
•  Origin matter & radiation (reheating) 

Metric Perturbations: 
•  Gaussian spectrum (ground state) 
•  Aprox. scale invariant (slow roll cond.) 
•  Adiabatic density fluctuations (single fluid) 
•  Gravitational waves (tensor metric pert.) 
•  No vector perturbations (no defects) 
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Stretched to cosmological distances 



Inflation Radiation Matter 
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During Inflation 



After Inflation 



SCALAR POWER SPECTRA 



TENSOR POWER SPECTRA 
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COBE 
(1989-1992) 





COBE 4-year 
Measurements 
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The anisotropies reflect the perturbations  
in the surface of last scattering 

The microwave background is a snapshot 
of the last scattering surface 
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CMB TEMPERATURE ANISOTROPIES 
gravity + density + velocity 
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Angular power spectrum 
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SACHS-WOLFE PLATEAU 



SACHS-WOLFE PLATEAU 





Degeneracies in the  
determination of parameters 

It is necessary to make a 
multiparameter fit with  

the largest possible data set 



Planck 
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Planck Power Spectrum (2015) 

Predicted by Inflation 
30 years ago! 



Multipoles in space 















WMAP-5yr (2009) 



Gaussian spectrum 
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WMAP-9yr (2013) 





Planck (2015) 
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ΩK = |Ω0 −1 | < 0.0005 ± 0.0009 Planck (2015) 
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CMB lensing 



CMB lensing 
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Light carries 
energy and 
polarization 
(vector field) 

A vector field 
has two comp. 
gradient + curl 

(E + B) 
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DASI: First measurement Polarization (2002) 



Polarization around Hot spots 
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Polarization around Cold spots 

E  Polarization B  Polarization 



















Other Experiments coming on line 

Chile(Atacama): PolarBear, ACTpol 
Baloon @ South Pole: EBEX(6K)  



Future experiments that will search for B modes 



EBEX 6K 

Future experiments that will search for B modes 



Future experiments that will search for B modes 

LiteBird 
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CMB Anisotropies 
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Galaxy  
Surveys 



• Spectroscopic 
 BOSS (SDSS-III) 
 DESI 
 Euclid 
• Photometric 
 DES 
 LSST 
 Euclid 
• Photospectroscopic 
 Alhambra 
 PAUS 







•  Gravitational lensing 

•  Supernovae luminosities 

•  Galaxy cluster mass function & no. counts 

•  Baryon Acoustic Oscillations 

Four main probes 



Purely geometric effect, 
only depends on the 
matter distribution  
between the source & us. 
Allow us to model the 
matter distributions and 
measure its content.  
Clean & reliable probe.   



Supernova-Ia are stars that explode violently and whose light 
can be seen from cosmological distances.  
They can be callibrated and used as standard candels.  
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w = −0.997−0.054
+0.050 (stat)−0.082
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⇒ Dark Energy = Λ



They are the largest 
virializaed structures 
in the Universe.  

Their X-ray emission 
allow us to estimate 
their total mass and 
thus determine their 
mass function. 

Their number 
density in the 
Universe is specially 
sensitive  
to cosmological 
parameters like Λ. 

DARK MATTER 

Gravitational attraction 
slows down the 
Universe expansion 

DARK ENERGY 

Something makes galaxies 
escape form each other 



The plasma before photon 
decoupling has fluctuations 
that propagate as sound 
waves.  

At decoupling a 
characteristic scale is fixed, 
the sonic horizon, which 
acts as a standard ruler.  

Its evolution with redshift  
since then allows us to use 
it as a comic probe.  

Seen both at the CMB and 
in the galaxy distribution 
today. 



4m Blanco Telescope  
Cerro Tololo, Chile 

500 million galaxies 
5000 deg sq. 
Δzphoto = 0.05 (1+z) 
20 bins z range [0.2,1.5] 

Cost: 100M$ 

Dark Energy Survey 



DES inauguration – 8 November 2012, Cerro Tololo, Chile  

Credit: Dark Energy  Survey Collaboration 





DARK ENERGY SURVEY 



, IFT 



Four Probes of Dark Energy 
•  Galaxy Clusters 

•  ~100,000 clusters to z>1 
•  Synergy with SPT, VHS 
•  Sensitive to growth of structure and 

geometry 
•  Weak Lensing 

•  Shape measurements of 200 million 
galaxies  

•  Sensitive to growth of structure and 
geometry 

•  Baryon Acoustic Oscillations 
•  300 million galaxies to z = 1 and beyond 
•  Sensitive to geometry 

•  Supernovae 
•  30 sq deg time-domain survey 
•  ~4000 well-sampled SNe Ia to z ~1 
•  Sensitive to geometry 

Factor 3-5 improvement over  
Stage II DETF Figure of Merit 

DES Science Reach 



PAU photometric survey 

100 million galaxies 
200 – 1000 deg sq. 
Δzphoto = 0.0035 (1+z) 
100 bins z range [0.2,1.5] 
“Tomography” 

Cost: 10M$ 







PAUS 



Spectroscopic survey 

Imaging survey 

100 million galaxies 
15,000 sq. deg 
Δzspec = 0.001 (1+z) 
8 bins z range [0.5,2.1] 

Cost: 1B$ 

1000 million galaxies 
15,000 deg sq. 
Δzphoto = 0.05 (1+z) 
5 bins z range [0.5,3.0] 


