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Current and Future Data 

Bayesian Inference 

The Computational Challenge! 



From the Proceedings of the National Academy of Sciences 
Volume 15 : March 15,1929 : Number 3 
A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY 

By Edwin Hubble 
Mount Wilson Observatory, Carnegie Institution of Washington 
Communicated January 17, 1929 

AMONG EXTRA-GALACTIC NEBULAE 

FIGURE 1 h 



(and Age) o i 

- H  r. 0 1  v -  i 

FIGURE 1 * 

Errors in both Velocity and Distance 
measurements - what is the best estimate of the 
Hubble constant?? 
A Bayesian approach to this problem later.. . 
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Why is the CMB temperature so uniform across 
the sky?? 
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Fluctuations i 

w. Hu, see h ttp://backg rou nd . uch icaao. ed u/-wh u l  



Seeds of Large-Scale Stru 





Example: Ba W 

of the Hubbl 
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Bayes Theorem for the Hubble constant: 

y true “on average” 
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Inferring the C t 
Univers 

“B ackward”=Inference “Forward”=Sirnulation 



0
 
U
 
c
 

I a, 



0
 
U
 

c4 

n
 

G
 
I
 

I a, 



n
 

G
 

Q
 

G
 

W
 

m
 

h
 

n
 

4
 

W
 

9( 



i 

__-- 

* 
Ihs 

t 
1 



Recent Results: r 

http:llmap.gsfc.nasa.gov 

http:llmap.gsfc.nasa.gov
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JPL’s Role i t 
Cn/lB Stud es - Plane 

pin axis 

Primary refleclar - 
St ray1 ight baffle 

rS0 K 

55K 

16QK 

270K 
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Planck: 
ompositio 

M A P  PLANCK 
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Solid line shows a spatially flat model 
0 nntteA line chnwc a mnAe1 with ?A% irsrrisrtinn in hapnnic, 
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density, and 5% variation in cold dark matter density. 
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Foreground Frequencv J Response 







Combininp; ta 

Want to COMBINE data returned from all frequency 
channels, each with their own resolution, and noise 
properties 

very different types of measurements 
Previous eXamnle* infer the Hubble constant fromA two r-• 
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r No Noise: I 

Can we isolate the CMB and THEN 
estimate the power spectrum. 93 
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Computin 
Marko 

1 Conditionally independent I 
I of the data!! 
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