
今日からはお子様セッションです！	



田中さん	

梅村さん	

吉田さん	

何をしゃべればよいのか？ 
元素合成 & CMB　Only?  

トップバッターなので、全体像を好きにしゃべる！	

佐藤さんがすでに！	
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 Extremely Good Black Body Shape in average  

Observation by COBE/FIRAS 
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•  distort Black Body 
  low freq: lower temp 
  high freq: higher temp 
  no change: 220GHz 

higher 	lower 	



Noterdaeme et al., arXiv:1012.3164	
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Citation 59	







ほぼHarrison-Zeldovich Spectrum(Scale Free)でよい	







林先生のDark Energy (Cosmological Constant)の仕事！	



杉山が天体核の准教授時代(1996-2000)、 
土曜日になると林先生が現れて	

杉山さん、宇宙項って今どうなっ
ているの？	





WMAP  



Planck is coming!	



Observer	

13.7billion light year　　　　　　　	

Light transfer　　　　	
Angular diameter　　　　	



WMAP alone, fixed ΩMh2, ΩBh2 



Either Assume: Flat space 
ΩΛ=1- ΩM 
Or 
Combine with SNe etc.	



M.Kowalski et al. ApJ 2008 (Union Data 307SNe)	

ΩM= 
ΩΛ=1-ΩM	



SNe	

CMB	





Strong Lensing	



Strong Lensing observed by HST	



Weak gravitational lensing 
Measure the cosmic shear field 

Witteman et al. 

Nature 405, 143 (00) 



Weak Lensing  
due to large scale structure	

S. Colombi	



Original	

Weak lensing	

Jason Rhoads @ Caltech	



Weak lensing observed by HST	



3 dimensional shape of dark matter distribution 
obtained by weak lengin (COSMOS: HST, Subaru etc)	





Star Light 	



Hot Gax (X-ray)	



Dark Matter (Lensing)	







Merging process is on going	

Dark Matter is really collisionless!	









Eisenstein et al. 
astro-ph/0501171 

Baryon Acoustic Oscillation　　　　　　　　　　
same origin of  CMB acoustic 
oscillation.  Physical size is known.  
We can measure dark energy.	

ＳＤＳＳ	



Observer	

z=1100　　　　　　　	

z=0.5~1　　　　　　　	







GRB 090423 taken by Swift's Ultraviolet/Optical (blue, green) 
and X-Ray (orange, red) telescopes.   	



HST/Wide Field Camera 3: z~8-8.5 galaxies 



z=8.5549 galaxy found by VLT	



MD Lehnert et al. Nature 467, 940-942 (2010) doi:10.1038/nature09462 

Two representations of the spectrum of  
UDFy-38135539 showing its significance. 



QSO Absorption Line 

Fan et al. 2004 



CMB Temperature Power Spectrum	

CMB and reionization	
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2 independent  

parity modes 

E-mode 

B-mode 

Seljak 



E-mode 

Seljak Scalar Perturbations only produce E-mode 



B-mode 

Tensor perturbations produce both E- and B- modes 





Very difficult to detect  
• Typically amplitude of polarization is factor 10 
smaller than temperature fluctuations 

• Foreground from the Galaxy 





Temperature	

Temperature-E-mode	

B-mode 
(upper bound)	



WMAP 7yr: Larson et al. 2009	

E mode (△Tとの相関）	



WMAP 7yr: Larson et al. 2009	

B mode (△Tとの相関）	



QUAD: Brown et al. 2009	



BICEP:Chiang et al. 2009	



QUIET: arXiv:1012.319	



Polarization for WMAP is 
Temperature Fluctuations for COBE 

anyway, detect (E-mode)! 

But  only upper bound for  B-mode Polarization	

Now a big race in which who is going to detect B-
mode first time is open! 
In Japan, Masashi Hazumi’s group joins the race 
・Join QUIET group 
・Eventually launch a small satellite 
・They just got a big grant! ~$10million  	











δ(x)	0	









First “Detection” in WMAP CMB map 	

Very Tiny Effect:   
Fancy analysis (Bispectrum etc) starts to reveal 
non-Gaussianity?  	

Komatsu et al. WMAP 7 yr.	







Kuroyanagi, Chiba, NS	













J.D. Bowman & A.E.E. Rogers, Nature 2010	













超広視野カメラ＋マルチファイバー分光器 
Subaru Measurement of Images and Redshifts (SuMIRe)	





Discovery areas: 
• Identification and 

characterization of nearby 
habitable exoplanets 

• Gravitational wave astronomy 
• Time-domain astronomy 
• Astrometry 
• The epoch of reionization 





























巨大科学を推し進めると滅びる！	

生き延びた哺乳類	


