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Science



What do we observe?



Star-forming galaxies
• When & where did galaxies form?
• When did star-formation start?
• They must be good tracers of matters
 look back in the long long,… past
 search for distant galaxies!!

extreme star-forming galaxy 
(artist’s concept)



Rapid decrease in
Brightness

Brightness does not
Decrease!!

Sub-mm galaxies (SMGs): 
a window to the distant Universe

Visible light Sub-mm

distant



AzTEC on ASTE survey of SMGs
• Noise level: < 1mJy
• Total coverage: >2 deg2

 the widest deep survey
• spent  7 months
• Found ~ 1000 SMGs

in total !!

1 deg 

An example of the survey:
• Noise level: 0.4 – 0.8 mJy
• ~180 new detections in this map



SMGs trace the large-scale 
distribution of matter

• Discovery of tens of SMGs clustering to young cosmic 
large-scale structure 11.5 billion light years away.

100 million light-year across

Tamura et al. (2009) Nature, vol. 459, pp. 61-63

red: AzTEC/ASTE
green: Spitzer (infrared)
blue: Hubble (visible)



Distance measurement of SMGs
• Difference of color in sub-mm  Difference of distance

– ‘Redder’ galaxies = more distant

 Extensive MULTI COLOR SMG imaging observations!!!
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Multi-band measurement
of brightness of galaxies



What is a galaxy cluster?
• Largest gravitationally collapsed object in the Universe

– Optical: a cluster of 100 ~ 1000 galaxies
– X-ray&SZ: Hot gas with T=107~8K, n=10-2~-3cm-3

– Dominated by Dark matter:
• Mass: Mtot ~1013~15Msun

– Galaxies : Hot gas : Dark matter = 5 : 15 : 80

X-ray(0.5-7keV)

20”
114kpc

SZ150GHzOptical



Evolution of galaxy clusters
• growth of cosmic density fluctuation, 

merging
• timescale ~ age of the Universe
• Clusters preserve important 

information on the history of 
cosmological structure formation
 physics of distant galaxy clusters

Moore (2001)



• SZ effect: spectral distortion of CMB by hot gas (inverse compton)

• Differential surface brightness is independent of redshift
 POWERFUL TOOL FOR DISTANT GALAXY CLUSTERS!!!

Sunyaev-Zel’dovich(SZ) effect
CMB

cluster

TCMB 3K

X-ray

SZ
Distant

(Mohr&Carlstrom)faint

decrement incrementTgas 108K



Temperature measurement of clusters 
• Hot gas (~ 10keV, 108K)

– probe for gravitational potential
 mass estimation
 tracer of matter

• Extremely hot gas (> 20keV)
– Relics of cluster merger?
 tracer of dynamic evolution
– e.g. only one good measurement even with the best X-ray data 

(Ota+2008)

• Sub-mm band is important for T determination
+ powerful tool for distant clusters

• But,,, 
High quality & large area image not available at sub-mm band
 Extensive MULTI COLOR SZ imaging observations!!!

Relativistic
SZ spectrum

Pointecouteau+1998
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