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' This is a series of 3 talks.

Todag: Dark energy and the homogeneous

universe
Julg I1: Dark matter and the large scale
structure of the universe

| Julg 18: Inflation and the earlg universe




Outline

Basic concepts: a homogcneous,
isotropic and expancling universe.

| Measurements: how do we measure

the universe’s expansion historg?

| Dynamics: what determines the

expansion rate”?

' Dark energy: a surprising recent ﬁncling.




| There is 59 now much evidence for
homogeneit9 and isotropg.

Th@f’@ IS EISO ﬁrm €ViClCﬂC€ ‘FOF an

expanding universe.
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SDSS gri image 2‘0 arcmin

Blandton & Hogg




'f'l 2 = 4 ) ) -' .-!"

= Hubble deep field
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Sloan Digital Sky Survey scale ~ 10%*° ¢cm
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| There is 199 now much evidence for

homogeneitg and isotropy.
- There is also firm evidence for an

| expancling universe.




There is bg now much evidence for

| homogeneitg and isotropg.

There is also firm evidence for an
expancling universe.
But how should we think about it?
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l:requentlg Asked Questions:

1. What is the universe expancling into?

2. Where is the center of expansion?

; 5. Is our galaxg itself expancling?




l:rec]uentlg Asked Questions:

. 1. What is the universe expanding into?

Nothing.

. 2. Where is the center of expansion?

fi\/ergwhere and nowhere.

s galaxy itself exPancling?
NoO.




dac = 2dap dac =2dap

Adac ) Adap

Therefore: 3 o

Hubble law: Velocitg o« Distance
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Perlmutter, et al. (1998)
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See also Riess et al. 98




Age of Universe

Slope = Distance/ \/elocitg =10 billion years




Dgnamics: what determines the expaﬂsion

" rate and how it changes with time?

R

5 Secondary school Phgsics:

1 GM
For simplicity set £ = 0 : 502 =




Applg to the expancling universe:

4
, butremember : M = ?WR?’/)
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| ml:)ortant equation:

fixample = orclinarg matter

s 3
47 R3
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HE—Con tant i pdoc =

5 R

Therefore :v |<— R ]

| Example 2~ cosmological constant

p = constant => v* x R*

Therefore : v T<= R 1 Acceleration!

| DBF‘( ‘inerggz p drops slower than %
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Perlmutter, et al. (1998)
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Woocl—-Vasey et al. o7

ESSENCE+SNLS+gold
(Q,,Q,) =(0.27,0.73) o
QTotaI=1

70% dark energy, 0% matter



WoocL\/aseH et al. o7/

I I , II II Ll I

171

ESSENCE+SNLS+gold
BAO

SNela+BAO
(Qy,W) = (0.27,-1)

T T
17
1

O B I 7 A
I B B B FRS
I A
[ R B
r 4 :
rr oy
rr gt
AT W

0.2

Dark energy p o< R7%% to R




What is dark energg?

1. Vacuum energy

(Einstein’s cosmological constant)
| &

2. Scalar field (Bose Einstein condensate)

3. Modified gravity (Einstein was wrong!)




What is dark energg?

1. Vacuum energy

4 (Einstein’s cosmological constant)
Observed value too small.

2. Scalar field (Bose Einstein condensate)

Rec]uirecJ mass too small.

3 Modifed gravity (Einstein was wrong!)
. No coml:)e”ing theorg.
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| H & Greene 06
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Summary

- Basic concel:)ts of a homogcneous,

isotrol:)ic and expanding universe.

= Surl:)rising!% our current expansion

appears to be accc—:leratmg. |

ixplaining

it, and measuring it Pre'ciselg, IS a major

goal of cosmolog9 toclag.







| et there be |ight.

Genesis 1:5




