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Astronomy is oldest of all 
sciences….. 



Nut, goddess of sky supported by Shu the god of air, and the earth god 
Geb. 

Nut, goddess of sky supports by Shu the god of air, the earth 
god Geb and two Khnum deities (gods of rebirth). 



Old Testament Cosmology 

Genesis 1:6-8New King James Version 
(NKJV) 
 Then God said, “Let there be a 
firmament in the midst of the 
waters, and let it divide the waters 
from the waters.” 7 Thus God made 
the firmament, and divided the 
waters which were under the 
firmament from the waters which 
were above the firmament; and it 
was so. 8 And God called the 
firmament Heaven. So the evening 
and the morning were the second 
day. 



Seven Days of Creation 

"In the beginning God created the heavens and the earth" 
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What did we know about the 
Universe in mid 18th century? 

There are Sun, moon, planets, few moons of 
big planets, lots of stars and constellations, 
nebulas (some fuzzy object) and milky way 
galaxy.   

DATA IS INFORMATION AND INFORMATION CAN 
BRING KNOWLEDGE 



Looking at the sky, you see many fixed 
stars and some stars which are moving 
from night to night. These wandering 
bright objects were called planets.  

Movement of planet Mars from August 2007 to April 2008 



Looking at the sky, you see many fixed 
stars and some stars which are moving 
from night to night. These wandering 
bright objects were called planets.  

Detecting Anomalies 
Epicycles could not explain the data well  



Observing the night sky helped us 
to understand the solar system. 

To explain the movements of the 
planets we had to put the sun at 
the center.   



Observing the night sky helped us 
to understand the solar system. 

To explain the movements of the 
planets we had to put the sun at 
the center.   

Modeling the Universe 
to Explain the Data 
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Giordano Bruno 1548-1600 

Martyr of Science 

Campo de' Fiori,  Rome. 

Times that it was not much fun 
to be a visionary scientist! 
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Looking at Our Universe  

Solar System  

160 light minutes 



•  Galaxy is derived from a Greek word which 
means milk. 



•  We live at the outskirts of a huge, disk-like 
collection of stars, the Milky Way Galaxy.  

The Milky Way contains about 
400,000,000,000 stars! 



People could also 
see some fuzzy 
objects in the sky. 
They called them 
Nebula, means 
cloud. 



People could also 
see some fuzzy 
objects in the sky. 
They called them 
Nebula, means 
cloud. 

Andromeda 
(M31) by 
naked eye. 

Abd al-Rahman Sufi 
described it as a “small 
astronomical cloud” in 
his Book of Fixed Stars 
around 964 AD. 



Technological 
advancements 
enabled us to 
look more deep 
in the sky.  

Sir William 
Herschel(1738-1822) 
spent most of his life 
on either building 
bigger and bigger 
telescopes or looking 
at the sky.  

In 1781 Herschel discovered Uranus 

48 Incher 
telescope-1789 



Using the 48 incher telescope 
William Herschel and his sister 
Caroline, compiled the first 
catalogue of northern nebulae. 

48 Incher 
telescope-1789 

“General catalogue of 
Nebulae and clusters 
of stars” 
Produced by John 
Herschel in 1864 
included more that 5000 
entries.   
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In 1908, Henrietta Swan Leavitt, 

In 1908, Henrietta Swan Leavitt, 

found a relationship between the 
period (frequency of 
pulsation)and luminosity of 
Cepheid variables. 

She found that they are 

standard candles 

Measuring Distances in Astronomy 



Arrival of new technologies: 
Spectroscopy and  
Bigger Telescopes 

In 1923 Edwin Hubble by using a 100 inch 
telescope discovered that Cepheid variables 
in Andromeda are much much dimmer than 
those in Milky way. What does it mean? 

Picture of 
andrmeda 



Arrival of new technologies: 
Spectroscopy and  
Bigger Telescopes 

In 1923 Edwin Hubble by using a 100 inch 
telescope discovered that Cepheid variables 
in Andromeda are much much dimmer than 
those in Milky way. What does it mean? 

Andromeda cannot be a cloud within the Milky Way,  

Andromeda is a Galaxy by its own! 

Picture of 
andrmeda 



HUDF, The total field of view represents only 1 ten millionth of the total sky  

This is a great discovery 
In fact all these nebulae are galaxies maybe 
as big as our very own Milky Way galaxy.  

We are not lonely in the universe. Not 
only there are around 400,000,000,000 
other stars in our own galaxy, but there 
are also millions and millions of 
galaxies in the universe.   



HUDF, The total field of view represents only 1 ten millionth of the total sky  



In 1929 Edwin Hubble 
observed that the further 
away a galaxy is, the 
more rapidly it is moving 
away from us. 

THE UNIVERSE 
IS EXPANDING 

First Hubble diagram, 1929 

Another Great Discovery 



1964: 
Discovery of the Cosmic Microwave Background 

Signature of Big Bang! 

First Nobel Prize in 
Cosmology 
1978, Arno Penzias 
and Robert Wilson 



1991, Map of the CMB 
anisotropy by the 
COBE spacecraft. 

perfect fit for the black 
body radiation from 
COBE sattelite 

George Smoot and John Mather, 
received the Nobel Prize in 
Physics in 2006 



Eureka! or  
“What’s wrong with this?” 
Adam Riess’s notebook 
Fall 1997 

Photo from R. Kirshner’s talk 



Eureka! or  
“What’s wrong with this?” 
Adam Riess’s notebook 
Fall 1997 

Photos from R. Kirshner’s talk 



Photos from R. Kirshner’s talk 



Era of Precision Cosmology 
   Combining theoretical works with new measurements and 

using statistical techniques to place sharp constraints on 
cosmological models and their parameters. 

Initial Conditions:  
Form of the Primordial 
Spectrum and Model of 
Inflation and its Parameters 

Dark Energy: 
density, model 
and parameters  

Dark Matter: 
density and 
characteristics 

Baryon density 

Neutrino species, 
mass and radiation 
density 

Curvature of the Universe Hubble Parameter and 
the Rate of Expansion 

Epoch of reionization 



Photos from R. Kirshner’s talk 



Universe is Accelerating 

Universe is not Accelerating 

Setting the problems 
and importance of 
the data analysis. 



Easy to rule out 

Model Selection 



Oops! Three models here! 
Which one has a better fit? 

NOT EASY ANYMORE! 

Model Selection 



Suppose we can prefer one model to the 
other onse with high statistical significance, 
but what if all these models are wrong?!  



Suppose we can prefer one model to the 
other onse with high statistical significance, 
but what if all these models are wrong?!  

Very important issue in data analysis and particularly in cosmology 
where we have no clue about the nature of dark energy. 



Which one has a better fit? Data is 
correlated and its not trivial to define 
goodness of fit according to degrees of 
freedom. What if both models are wrong? 



In fact we can rule one of these models with 
99.9% confidence! Here comes the power of 
advanced statistical methods of data analysis. 

Which one has a better fit? Data is 
correlated and its not trivial to define 
goodness of fit according to degrees of 
freedom. What is both models are wrong? 



Problems with Parameterizations 





Problems of Dark Energy Parameterizations 
(model fitting) 

Holsclaw et al, PRD 2011 Shafieloo, et al, MNRAS 2006 

Chevallier-Polarski-Linder ansatz (CPL).. 

Brane Model Kink Model 

Phantom DE?! 
Quintessence DE?! 

Unreliable Reconstructions! 



Cosmological Parameters by  
Fitting a Model 

Planck Collaboration, Ade et al, A&A 594, A13 (2016) 
Cosmological Parameters from Planck [LCDM]  



Parameter estimation within a 
cosmological framework 

Tables from NASA - LAMBDA website 

Harisson-Zel’dovich (HZ) Power-Law (PL) PL with Running (RN) 



Parameter estimation within a cosmological framework 

Tables from NASA - LAMBDA website 

Harisson-Zel’dovich (HZ) Power-Law (PL) PL with Running (RN) 

Functional parameterizations affect estimation of cosmological parameters 

Why form of the PPS is important? 



Parameter estimation within a cosmological framework 

Tables from NASA - LAMBDA website 

Harisson-Zel’dovich (HZ) Power-Law (PL) PL with Running (RN) 

Functional parameterizations affect estimation of cosmological parameters 

Why form of the PPS is important? 

Unreliable Estimations! 



Early Universe affect the Late Universe! 
             Dark Energy Reconstruction 

•  Uncertainties in matter density is bound to affect the 
reconstructed w(z).    

H (z) = d
dz

dL (z)
1+ z
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Shafieloo et al, MNRAS 2006 ; 

 Shafieloo MNRAS 2007 


