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Cosmology in a nutshell
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The universe had a beginning
In the beginning it was small and
hot and nearly uniform in density 74% Dark Energy

It is filled mostly with dark matter
nd dark energy

We know how they behave,
but donot Kknow

-;4% Atoms

As It expanded, the high -density
regions collapsed and formed
galaxies.




Motivation

1000 1500 2000

The standard
cosmological model
IS a huge success on
large scales
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Angular scale

Predicted fluctuations in the Cosmic
Microwave background match
observations amazingly well

These fluctuations are the seeds of
galaxies. Theoretical predictions (red)
reproduce the observed clustering of
galaxies (blue) amazingly well. 3




Motivation

Galaxy evolution within this cosmology Is
complicated!

Governato et al.
Simulations of a

Milky-Way-like o —
galaxy . | |
(blastwave The Formation of a Milky Way like Galaxy

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


http://www.youtube.com/watch?v=n0jRObc7_xo

Cosmology, power spectrum |ngredients N

Lt theoretical models
Merging of dark-matter halos  Of galaxies

1

Gas heating and cooling

s

Star formation, black-hole formation

g

Stellar winds
Supernovae, feedback from black holes
chemical enrichment

1l

Multiple generations of stars
dust absorption & emission

galaxy

obsgHvaNipes




Theoretical
models tell us
where and
when galaxies
should form.

But are these
models
correct?

GIF Simulation

Kauffmann, Colberg,
Diaferio & White 1999




A crude way to make the
connection between galaxies and
dark -matter halos

Pick a slice of the universe

Estimate the stellar mass of each galaxy in
that slice

Rank order the galaxies from most to least
massive

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

Assign 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

— Behroozi et al. (2010)

| » === Reddicketal.2012
« = « Mosteret al. 2010 (AM)

- = Mosteret al. 2013 (AM)
Guo et al. 2009 (AM)
» Wang & Jing 2009 (AM+CC)
Zheng et al. 2007 (HOD)
Yang et al. 2012 (CLF)
- Yang et al. 2009a (CL)
« === Hansen et al. 2009 (CL)
« === « Lin & Mohr 2004 (CL)
=== == Behrooziet al. 2013
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Mass of the dark-matter halo (relative to the sun)

The conversion of gas into stars is inefficient for
high-mass and low-mass dark-matter halos 8



Some kind of feedback is needed
to prevent all the gas from turning
INnto stars

The conversion of gas into stars is inefficient for
high-mass and low-mass dark-matter halos 9



Open Questions

Do galaxies form at dark -matter peaks?
A Really? All of them?

Which feedback mechanisms are most important in
governing star formation ?

A Heating of gas by radiation from other galaxies?
A Expelling gas explosively?

A Injecting energy into the gas from a central black
hole?

What is needed to make the = ECDM cosmological
model consistent with all the observables?
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The need for large surveys

Galaxy formation/evolution is inherently
statistical

Making the link between galaxy  -scale
physics and cosmology is all about
measuring distributions:

ANeed to know what kinds of galaxies are
common and what kinds are rare

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

Need to measure correlations between galaxy
properties and their environment.
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SO CANDELS
{ Cosmic Assembly Near -infrared Deep
R Extragalactic Legacy Survey

" a®
"ared peep ©*

| - PI
}
]

J£ |

‘;’,
e
- ’
3 7 8 ”

e
Logacy Surve

~175 team members Builders:
Harry Ferguson, Sandra Faber,
~45 [nstitutions Adam Riess, Steve Rodney
_ Norman Grogin, Dale Kocevski
12 countries Anton Koekemoer

candels.ucolick.org
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CANDELS In a nutshell

CANDELS observes representative slices of the
niverse.

These slices 1 nclude Hubbl
cover more area

AThese are the reference fields for studies of the
distant universe

Near -infrared images provide crucial insight into
galaxy assembly

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

Searching for distant supernovae as we go along.
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Looking back In time
Redshift (2)

CANDELS sees about

250,000 galaxies — TNl

Most are at high redshift S

(very distant) o (| [ .
But for many of them, -
|1 t 0s devi |l 1 spymEsy
determine exact e | L |||
distances. Wavelength (2

_Ight reaChIng US tOday Age of Universe (Billions of Years)

eft these gaIaX|eS 105 3 2 1 08 04 03 0.2

nillions of years ago, FROR R LR W R

oroviding a historical
record of galaxy
evolution.

CANDELS
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What The Hubble WFC3 Can Do
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What WFC3 Can Do

Emergent Spheroids Emergent Disks Hidden Mergers

F160W (H)

F775W (i)
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Hubble
0.6, 1.25, 1.6 microns




