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Dennis Overbye (NY 
Times), about a New York 
“after party” during the first 
World Science Festival:   

“… beautiful women with 
stars in their eyes kept 

coming up to me asking if I 
was a cosmologist too.” 

Michael S Turner 

Cosmology is hot today!  
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First of all, buy 
this book!!! 



Next, stint at Kavli Institute for 
Cosmological PhysicsTM 

See kicp.uchicago.edu for our 
programs and visitors’ programs 

or talk to students/Fellows 



Attend a school for famous 
cosmologists, e.g.,  

Michael S Turner 
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Where is cosmology 
going? 
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1916-1918: General Relativity 
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1929:  Just One Number K 
(error bars not needed, velocity in km) 

Hubble & Humason (1955):  few 100 galaxies, z < 0.1 

K (H0) = 550 km/s/Mpc 



Gamow’s Hot Big Bang 
“alpher, bethe, gamow,” 1948 



1948: Steady State Theory 

Beautiful theory 
killed by ugly facts 
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1970:  The Search for Two 
Numbers (H0 and q0) 

Allan Sandage 



Michael S Turner 

Landau on 
Cosmologists 

Often in Error, 
Never in Doubt! 
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The Redbook, a manual for faculty members 
that explained what a university was, and 

what it wasn't. It cited two courses one 
wouldn't find in a curriculum of higher 
education: witchcraft and cosmology.  
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Discovery of Cosmic Microwave 
Background, 1964 



< 10-5 sec  Do Not Enter! 

From the Big Bang to Us 
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“The Standard Model” 
Hot Big Bang (circa 1972) 

“Physics Based” 
•  BBN (nuclear physics) 
•  CMB (atomic physics) 
•  Structure Formation (grav. 

physics) 
•  Begins at 0.01 sec 
•  Ω0 ~ 0.1 (baryons) 
Big Questions 
•  “The naughts”: H0, t0, Ω0 
•  Large entropy per baryon 
•  Hadron Wall 
•  Origin of density 

perturbations 



The Hadron Wall 

S. Weinberg in Gravitation & Cosmology 





Full scale model of observable Universe in 
the very beginning 





New ideas from particle physics 
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Three really important ideas 
that changed cosmology 

Inflation:  brief period of rapid 
(accelerated) expansion accounts for 
smoothness, flatness; heat of the big 
bang; and seed inhomogeneities 

Particle dark matter:  bulk of the dark 
matter that holds the Universe together 
resides in a sea of elementary particles 
left over from the big bang 

Dark energy:  cause of accelerated 
expansion and 73% of the Universe 
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1990s: Beginning of Data-driven 
Cosmology 

•  COBE! and CMB experiments 
•  Redshift surveys (CfA, IRAS, 2dF, SDSS) 
•  Large-scale velocity field measurements 
•  Gravitational lensing 
•  Big telescopes (Keck, …) with big CCD 

cameras 
•  HST, X-ray, gamma-ray, IR, … 
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1992: COBE 
Maps & 

Blackbody 
Spectrum 



Big Glass on the Ground:   
4 VLT, 2 Kecks, 2 Geminis and  

2 Magellans 



Great Observatories in Space: 
Hubble, Spitzer, Chandra, and 

Fermi 



Giant CCD Cameras:  revolutionize 
astronomy more than big glass 

200 Megapixel 

Gigapixel 



How far can you 
see on a clear 

day? 
Back to the birth 

of galaxies 



Star formation 
peaked 13 billion years ago, almost done  
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The Universe circa 380,000 yrs 
WMAP 

±0.001% Fluctuations 
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2000s: Era of Precision Cosmology 

“Fisher Based” 
•  Cosmological 

parameters 
•  Tests of inflation, CDM 
•  Correlating large, 

complex data sets 
•  Cosmological 

Consistency 
•  Physical parameters 

(e.g., neutrino mass) 



… and Dr. 
Sandage,  
H0 is now 
measured 
and q0 is 
negative!  



•  From quark soup to nuclei and atoms to 
 galaxies and large-scale structure 

•  Flat, accelerating Universe 
•  Atoms, exotic dark matter & dark energy 
•  Consistent with inflation 
•  Precision cosmological parameters 

– Ω0 = 1.005 ± 0.006 (uncurved) 
– ΩM = 0.273 ± 0.014 
– ΩB = 0.046 ± 0.0016 
– ΩDE = 0.73 ± 0.015 
– H0 = 70.4 ± 1.3 km/s/Mpc 
– t0  = 13.75 ± 0.11 Gyr 
– Nν = 3.86 ± 0.42   

Consistent with all 
data, laboratory 

and cosmological! 
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Rests upon three mysterious pillars 
All implicate new physics! 



Exciting challenges ahead 



Big Questions 
•  “Astrophysical” cosmology – from lumpy atoms to the 

first stars and galaxies 
•  Precision testing of inflation – toward a fundamental 

model or new paradigm 
•  Dark Matter:  test WIMPTM hypothesis, finish the 

neutrino story, and don’t forget the axion! 
•  Dark energy/cosmic acceleration 

–  Vacuum energy?  GR correct? 
•  The mix – photons, neutrinos, atoms, dark matter, 

dark energy, and more?  Who ordered that? 
•  Baryon asymmetry 
•  The Multiverse$!!# -- the headache and the hope  



Two cosmologies – both interesting 
and exciting 

•  Astrophysical cosmology 
– Understanding the course of the Universe 

from hydrogen gas to stars, galaxies, and 
planets 

– Not so different from extragalactic astronomy 

•  Fundamental cosmology 
– Understanding the basic framework and 

foundation 



Well understood: 
0.000001 sec to 

400,000 yrs 

Story to be 
revealed by  

new telescopes, 
computers 

Terra 
Incognita 

exciting ideas 
Inflation, 

multiverse, ##!! 



Boom or bust science 
The Universe is enormous and often just beyond the reach 

of our most powerful instruments and ideas 
•  Circa 1920s 

•  Circa 1960s 

•  Circa 1980s 

•  Circa 2000s 

•  Pre-1910 

•  Circa 1930 to 1960 

•  Circa 1970s 

•  Circa 1990s 
(recession) 



Cosmology bright until 2030; 
beyond 2030?? 

No surprises, no answers, … 
Stuck with ΛCDM and dark 

matter/dark energy “epicycles” 



Number of cosmologists (FTEs)  
guesstimates 

1920 to 1965:  10 to 100 

1965 to 1980:  100 to 300 

1980 to 2010:  300 to 1000 

2010 to 2040:  ???? 

Has the peak been reached? 



Trends in science  

•  “Mores’ laws”:  science is more collaborative, 
more interdisciplinary, more international, 
more digital, more diverse, more expensive, 
more faster 

•  In a world where the biological sciences are 
taking off (Century of Biology), astronomy is 
the most explosive field in all of the physical 
sciences 

•  Coming together of physics and astronomy 
•  Uncertainty that funding will match desires  



Advice 
•  Keep options and minds open 
•  Listen to your heart … and decide what you really 

want to (with a PhD in physics or astronomy can 
do many, many things) 

•  On the research career path, at everything 
decision point ask, “which option will let me do the 
best work?” 

•  Flexibility in research direction and “discipline 
anchor” 

•  Don’t follow all the advice you get (especially from 
your thesis adviser) 



Useful skills 
•  Strong foundation in astrophysics and particle 

physics 
•  Imagination & creativity 
•  Discrete risk taking 
•  Collaboration 
•  Mentoring and teaching 
•  Communication (of all kinds) 
•  Computation 
•  Work in an international context 
•  Flexibility (cosmology is a fast changing field) 



The importance of preparation 

•  In giving a talk (on display) 
•  In writing a paper (someone might read it) 
•  In applying for a job (someone will read it) 
•  In interviewing for a faculty position 

– Universities hire colleagues not employees 
– Looking for someone who will make the whole 

greater than the sum of the parts 
– Not only about you 



Goals 

•  Graduate school 
– Write a thesis and leave, knowledge foundation, 

“get known” 
•  Postdoc 

– Begin to establish your research program, write 
papers, “get known” 

•  Young faculty 
– Establish research program, become a mentor 

and teacher, change the course of science, and 
“get known” 



CD’s (critical decisions) 

CD0: Choosing PhD adviser (expertise and 
style) 

CD1: Deciding when to finish PhD and where to 
apply 

CD2: Deciding among job offers 
CD3: Deciding when to apply for a faculty 

position and where 
CD4: Deciding among job offers 
CD5: Family / career questions 



Behind the screen: 
How decisions are made 

•  First postdoc job: letters, promise and 
papers 

•  Faculty jobs:  accomplishments, letters, 
promise, papers, and “collegialness” 

•  Promotion:  accomplishments, broader 
impact (graduate students, making the 
whole greater than the sum of the parts, 
…), papers and letters 



Some questions 

•  When to apply for your first faculty job 
•  Which job offer to choose 
•  How many postdocs to do 
•  Which meetings to go to 
•  Which projects to join 
•  Which research to pursue 
•  Balancing family and career 



Discussion 


