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Cosmology in a nutshell  

ÅThe universe had a beginning  

ÅIn the beginning it was small and 
hot and nearly uniform in density  

ÅIt is filled mostly with dark matter 
and dark energy  

ÅWe know how they behave, 
but donõt know what they are. 

ÅAs it expanded, the high -density 
regions collapsed and formed 
galaxies.  
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Motivation  

ÅThe standard 

cosmological model 

is a huge success on 

large scales  

These fluctuations are the seeds of 

galaxies. Theoretical predictions (red) 

reproduce the observed clustering of 

galaxies (blue) amazingly well. 

Predicted fluctuations in the Cosmic 

Microwave background match 

observations amazingly well 
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Motivation  

Galaxy evolution within this cosmology is 

complicated!  

Governato et al.  

Simulations of  a 

Milky-Way-like 

galaxy 

(blastwave 

feedback) http://www.youtube.com/watch?v=n0jRObc7_xo 
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Cosmology, power spectrum 

Stellar winds 

Supernovae, feedback from black holes 

chemical enrichment 

Gas heating and cooling 

Merging of dark-matter halos 

Multiple generations of stars 

dust absorption & emission 

galaxy  

observables 

Star formation, black-hole formation 

Ingredients in 

theoretical models 

of galaxies 
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GIF Simulation 
Kauffmann, Colberg , 
Diaferio  & White 1999  

Theoretical 

models tell us 

where and 

when galaxies 

should form. 

 

But are these 

models 

correct? 
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A crude way to make the 

connection between galaxies and 

dark -matter halos  

ÅPick a slice of the universe  

ÅEstimate the stellar mass of each galaxy in 

that slice  

ÅRank order the galaxies from most to least 

massive  

ÅRank order the dark -matter halos in a 
cosmological simulation of the same 

volume  

ÅAssign the most -massive galaxy to the most 

massive dark -matter halo, and so on down 

the list  7 



Result: The mass in stars compared 

to the mass in dark matter  

The conversion of gas into stars is inefficient for 

high-mass and low-mass dark-matter halos 

Mass of the Milky Way 
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Some kind of feedback is needed 

to prevent all the gas from turning 

into stars  

The conversion of gas into stars is inefficient for 

high-mass and low-mass dark-matter halos 

Feedback 

from 

supernovae?  

Feedback 

from black 

holes?  
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Open Questions  

ÅDo galaxies form at dark -matter peaks?  

ÅReally? All of them?  

ÅWhich feedback mechanisms are most important in 

governing star formation ? 

ÅHeating of gas by radiation from other galaxies?  

ÅExpelling gas explosively?  

ÅInjecting energy into the gas from a central black 

hole?  

ÅWhat is needed to make the ÊCDM cosmological 
model consistent with  all the observables?  
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The need for large surveys  

ÅGalaxy formation/evolution is inherently 
statistical  

ÅMaking the link between galaxy -scale 
physics and cosmology is all about 
measuring distributions:  
ÅNeed to know what kinds of galaxies are 

common and what kinds are rare . 

ÅNeed to measure correlations between the 
structure of galaxies and their stellar content.  

ÅNeed to measure correlations between galaxy 
properties and their environment.  
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~175 team members  

~45 institutions  

12 countries  

 

CANDELS  
Cosmic Assembly Near -infrared Deep 

Extragalactic Legacy Survey  

Builders:  
Harry Ferguson, Sandra Faber,  

Adam Riess, Steve Rodney 

Norman Grogin, Dale Kocevski 

Anton Koekemoer 

candels.ucolick.org 
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CANDELS in a nutshell  

ÅCANDELS observes representative slices of the 
universe.  

ÅThese slices include Hubbleõs deep fields, but 
cover more area  

ÅThese are the  reference fields for studies of the 
distant universe  

ÅNear -infrared images provide crucial insight into 
galaxy assembly  

ÅCANDELS works in concert with other surveys to 
provide as much information as possible on each 
galaxy.  

ÅSearching for distant supernovae as we go along.  
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Looking back in time  

ÅCANDELS sees about 
250,000 galaxies  

ÅMost are at high redshift 
(very distant)  
ÅBut for many of them, 
itõs devilishly hard to 
determine exact 
distances.  

ÅLight reaching us today 
left these galaxies 
billions of years ago, 
providing a historical 
record of galaxy 
evolution.  
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Redshift  (z) 

CANDELS 



What  The Hubble  WFC3 Can Do  
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What WFC3 Can Do  
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Multi -wavelength slices of the 

universeé 17 



Hubble  

0.6, 1.25, 1.6 microns  
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