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•  Candidates of reionization source 
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High Z galaxy is bright in THz	

Submm galaxy:	
Dark in IR& visible （Color）	
Bright in radio(contour)  	

(Blain et al., 2002)	

THz is New Window of Radio Astronomy	



Spectrum of galaxies	
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Figure 1 Spectral energy distributions of galaxies from the UV to the millimeter. The
ULIRG is observed at redshift z = 0.66 and is represented here in the rest frame (from
Galliano 2004).

12 and log(LIR/L⊙) > 12, respectively. These galaxies are often associated with
interacting or merging gas-rich disks. The fraction of strongly interacting/merging
systems increases from∼10% at log(LIR/L⊙) = 10.5–11 to ∼100% at log(LIR/L⊙)
> 12. LIRGs are the site of intense starburst activity (about 10–100 M⊙ year−1)
induced by the interaction and/or strong spiral structure. The ULIRG phase occurs
near the end of the merging process when the two disks overlap. Such galax-
ies may be the precursors of quasi-stellar objects (QSOs; Sanders et al. 1988a,
1988b; Veilleux et al. 1995; Lutz et al. 1999). These objects have been the sub-
ject of intense debate concerning the nature of the dominant source of emission:
starburst versus dust-enshrouded AGN (e.g., Filipenko 1992, Sanders & Mirabel
1996, Joseph 1999). Indeed, spectra show evidence of extremely large optical
depth (heavily reddened continuum and large Balmer decrement) but also exhibit
AGN-like high-excitation fine-structure lines. We had to wait for ISO to clearly
determine the power sources of ULIRGs. The difference between the mid-infrared
spectra of starbursts and AGNs is striking. Starbursts are often characterized by
strong, low-excitation, fine-structure lines, prominent PAH features, and a weak
λ ≥ 10 µm continuum, whereas AGNs display a highly excited emission line
spectrum with weak or no PAH features, plus a strong mid-infrared continuum.
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Galaxy is bright in visible and IR	



Science with Antarctic THz telescope	

Madau	&	Dickinson	(2014)	
Rowan-Robinson	et	al.	(2016)	

Galaxy	evolution	
/star	formation	history	of	the	universe	
⇒	observations	of	dust	emission	



THz observation is difficult	
•  THz	detector	is	available	
–  Camera:MKIDS	TES		
–  Heterodyne:SIS,	HEB	

•  Heavy	absorption	by	atmosphere	
Water	vapor	&	oxygen　　	

MaunaKea（Hawaii)	 ALMA	site	in	Chile	

High altitude & dry site is 
required	



Antarctic Plateau (>3000m,  < -70℃	in winter)
　⇒	Best place for astronomical observations	

Dome	F	(3810m)	(Japan)	Ridge	A	(4050m)	
(USA)	

Dome	A	(4090m)	
(China)	

Dome	C	(3230m)	
(France	&	
Italy)	

South	Pole	
(2835m)(USA)	

風速
ドームふじ

8

晴天率

雲の量（夜間）

ほとんど10m/s以下

晴天：80～90%

Cloud	coverage	

Low	Wind	speed	

always	fine	days	



Antarctica	Dome	A	

ALMA	site	

Black	10%	
Red	25%	
Blue	50%	
Green	75%	
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Atmospheric transparency 

	

Simulatio→	
(Tremblin	et	al.	2012)	

• PMW	from	
submm	observation	
(Kulesa	2013)	

Ridge A, 

Chile（ALMA）2012 
Chile（ＡＬＭＡ）2013 

0	 160	days	

Best site for <1THz 
Unique site for >1THz 



Antarctic THz telescope project	

1.  30cm telescope 
2.  10m THz telescope 

–  Concordia station @ Dome C 
•  Overwintering station 

–  New Dome Fuji station? (National Institute of Polar 
Research of Japan) 

3.  30m class THz telescope 
–  Higher site than Dome C  

•  New Dome Fuji station? (National Institute of Polar 
Research of Japan) 

–  International collaboration (East Asia) 



Survey of distant galaxies	

10	

Hershel	
Conf.	limit	

ATT10m	
Conf.	limit	

10hr	5σ	

1012Ls	
Tdust	
42K	



Antarctic astronomy consortium	
•  University of Tsukuba 

–  N. Kuno, T. Nitta, H. Saito 
•  Kwansei Gakuin University 

–  N. Nakai, M. Seta, D. Salak 
•  Hokkaido University 

–  K. Sorai 
•  Saitama University 

–  M. Naruse 
•  National Astronomical Observatory of Japan 

–  M. Nagai, T. Noguchi,  
•  National Institute of Polar Research 

–  H. Motoyama 
•  National Institute of Technology, Fukushima College 

–  K. Kim 



10m telescope	

•  Ritchey–Chrétien （Hyperboloid） 
–  Field of view　: ~１° 
–  Nasmyth focuses : Radio camera  
–  + Heterodyne receivers	

Strehl	ratio	
(Tsuzuki	et	al.	2015)	

1°	

•  Frequency：0.2-1.5THz	
•  Surface	accuracy：<	20μm	

0.2	THz	 0.8THz	 1.3THz	

37″	 9.3″	 5.8″	



Wide Field MKID Camera 
(Microwave Kinetic Inductance Detector) 

20,000	pixels	
FOV～1°	

•  400GHz, 850GHz, 1.3THz 
–  Simultaneous observations  



NII	
CO(11-10)	

CO(8-7)	

CO(7-6),	[CI]3P2-
3P1	

CO(4-3),	[CI]3P1-
3P0	

M2	
M3	

Port	A	

 IF  

1V	

1H	
2V	

3V	

4V	
4H	

3H	

2H	

M4	

grid	

Heterodyne receivers 
•  0.5, 0.8, 1.0, 1.3, 1.5THz 

–  Tsys: ~２８０K@0.５THz 
  ~600K@0.8THz 

•  2 pol/2 sideband  
•  simultaneous observation 
•  Single beam　⇒　Multi-beam	

Calib. 
load	



30cm Radio Telescope for antarctica	

Test	at	Parinacotta,Chile	(Aug	2010,2011)	

Orion	CO	4-3	
(Ishii	et	al.	2016)	

� Equipped with a 0.5 THz SIS receiver 
• Mapping Milky Way in CO 4-3, CI lines
• Can be assembled by 4 peoples by hands
• 0.1W@4K cooler



Summary�
•  Antarctic plateau is  

best site for <1THz astronomy 
unique site for >1THz astronomy on ground 

•  10m terahertz telescope 
– Wide filed view of 1deg 
– Total electric power is less than 40 kVA 
– 20000 pixels MKID Radio camera  

  (3 bands centered at 850 GHz) 
– Heterodyne receivers for 0.4-1.5 THz 

•  30cm survey telescope for Milky Way 
survey in CI and CO 

 


