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History 

(Figure from Wayne Hu) 

(Figure from WMAP team) 
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Fluctuation generator 

Fluctuation amplifier 

(Graphics from Gary Hinshaw/WMAP team) 

Brief History of 
our Universe 

400 
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Formation movies 
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Smorga
sbord THE COSMIC 

SMÖRGÅSBORD 

Galaxy surveys 

Microwave 
background 

Gravitational 
lensing 

Big Bang 
nucleosynthesis 

Supernovae Ia 

Galaxy clusters 

Lyman α forest 

Neutral hydrogen 
tomography 
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LSS 

Our observable 
universe 
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Mysteries 



Dark matter 

4% 21% 

75% 
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Bullet Cluster, Clowe et al 2006, ApJ, 648, L109 



Four roads to dark matter: catch it, infer it, make it, weigh it 

Direct: 

Indirect: 

Production: 

Fermi (né 
GLAST) 
launched 
6/11-08, 

Pamela 

Gravitational: 

Planck launch 
scheduled for 
February 2009 

21 cm 
tomography 
coming 

LHC restarts 
in ‘09 



Dark energy 
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Distant light is 
- dimmed 
- redshifted 
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Dimming 
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Dimming 
Standard candles, 
rulers or clocks 
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4% 

75% 

21% 

Cosmological 
data 

Fundamental 
theory ? 

Cosmological 
Parameters 

Nature of dark matter? 

Nature of dark energy? 

Nature of early Universe? 

Why these particular values? 

Map our 
universe! 
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LSS 

Our observable 
universe 



LSS 

The time 
frontier 
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The Omniscope 

MT & Matias Zaldarriaga, arXiv:0805.4414, 0909.0001 



Single-dish telescope: 
cost ∝A1.35 

Sensitivity δT ∝(AΩ)-1/2 

Interferometer: 
cost ∝N2 ∝ A2 

FFT telescope idea: 
cost ∝A, Ω~2π  

Telescopes as Fourier transformers 

How get huge sensitivity at low cost? 
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Where are 
we now? 
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•  Foreground modeling   0802.1525 
•  Foreground removal     astro-ph/0501081, 0807.3952, 0903.4890   
•  Optimal mapmaking    0909.0001 
•  Automatic calibration  1001.5268 
•  Faster correlation         0805.4414, 0909.0001 
•  Corner turning              0910.1351 
•  Survey design optimization 0802.1710 
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Eben  
Kunz 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 



Max Tegmark 
Dept. of Physics, MIT 

tegmark@mit.edu 
Bright Horizons Cruise 

May 9, 2011 

Where are 
we going? 
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The 
sensitivity 
frontier 

FFTT 



LSS 

Our observable 
universe 



LSS 

Our observable 
universe 

Mao, MT, 
McQuinn, 
Zahn & 
Zaldarriaga 
2008  

Spatial curvature:	

WMAP+SDSS: ΔΩtot= 0.01  
Planck:           ΔΩtot=  0.003	

21cm:             ΔΩtot=0.0002 




