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Ⅱ

10K
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10K
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ASTE
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1. イントロダクション 

1-1電磁波 

Ⅱ

X

380nm~750nm

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

(1.1)Ⅱ  

 

1-2 一酸化炭素分子の回転遷移スペクトル 

Ⅱ

 

Ⅱ 10K

 

Ⅱ

10K

(CO)  
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Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ

33K

17K

5.5K

J=3

J=2

J=1

J=0

Tk

CO(3-2)

CO(2-1)

CO(1-0)

 

( 1.2)Ⅱ CO  

 

CO EJ J ( J =0,1,2,3, )  

)1( += JhBJEJ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-1) 

(1) h B

0f

0f

 

Ⅱ 1+J J E∆ (1)  

)1(2 +=∆ JhBE Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-2) 

0f  

)1(20 +=∆= JB
h

E
f

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-3) 

 

Ⅱ (3) CO (1.1)  

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  
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(1.1)Ⅱ CO  

遷移  名称 周波数(GHz) 

01→=J  CO(1-0) 115.271204 

12 →=J  CO(2-1) 230.538001 

23 →=J  CO(3-2) 345.795989 

 

1-3望遠鏡 

Ⅱ (1.3)

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ      (1.3)  

 

Ⅱ X

 

Ⅱ 1.4

1.5

45m
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(1.4)Ⅱ  ( Ⅱ Ⅱ Ⅱ   (1.5)Ⅱ 45m  

 

1-4電波望遠鏡の構成 

Ⅱ

1.6  

V (1.6)Ⅱ  
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(1.6)  

 

1-4-1光学系 

Ⅱ

(1.7)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1.7)Ⅱ  

 

1-4-2受信機 

Ⅱ

 

主

主

主

主
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Ⅱ

(1.8) ƒRF RF radio 

frequency ƒLO LO local oscillator

ƒIF IF intermediate frequency

 

Ⅱ  

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ IFLORF fff ±=
Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-4) 

 

LOf IFf ( )

IFLO ff + (USB) IFLO ff −

(LSB)  

 

 

 

 

(1.8)Ⅱ  

 

1-4-3分光器 

Ⅱ

45m

 

 

1-4-4計算機・制御系 

Ⅱ
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1-5 2SBミクサー 

Ⅱ 2SB Double Sideband Separating Mixer 2SB

(RF Radio Frequency) 2

USB LSB  

Ⅱ USB LSB (1.9) 2SB

 

 

(1.9) 2SB  

 

USB LSB RF  

 

USB Ⅱ Ⅱ )cos( UUt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-5) 

LSB Ⅱ Ⅱ )cos( LLt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-6) 

 

 

Ⅱ RF90° RF90°

USB LSB 1/2

90°

Mixer

Mixer1 90°

Mixer2  

 

 

Mixer1 USB Ⅱ Ⅱ )cos( UU t φω +  Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-7) 
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Mixer1 LSB Ⅱ Ⅱ )cos( LLt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-8) 

Mixer2 USB Ⅱ Ⅱ )90cos( °−+ UU t φω Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-9) 

Mixer2 LSB Ⅱ Ⅱ )90cos( °−+ LLt φω Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-10) 

 

Mixer RF LO Mixing

LO  

 

LO Ⅱ Ⅱ )cos( LOLOt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-11) 

 

0=LOφ  

(1-7) (1-10) RF (1-11) LO Mixing

 

 

Mixer1 USB Ⅱ Ⅱ ])cos[( ULOU t φωω +−   Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-12) 

Mixer1 LSB Ⅱ Ⅱ ])cos[( LLLO t φωω −−  Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-13) 

Mixer2 USB Ⅱ Ⅱ ]90)cos[( °−+− ULOU t φωω Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-14) 

Mixer2 LSB Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω  Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-15) 

 

 

USB LOU ωω − LSB LLO ωω − LSB

 

 

4 IF90°

RF90° 2

Mixer1 Mixer2

1/2 90° 1/2 2

 

 

Mixer1 IF90°

Port1 Mixer2 Port2 Port1

Port2  
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Mixer1 Port1 USB Ⅱ Ⅱ ])cos[( ULOU t φωω +− Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-16) 

Mixer1 Port2 USB Ⅱ Ⅱ ]90)cos[( °++− ULOU t φωω Ⅱ Ⅱ Ⅱ Ⅱ  (1-17) 

Mixer1 Port1 LSB Ⅱ Ⅱ ])cos[( LLLO t φωω −− Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-18) 

Mixer1 Port2 LSB Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω  

Mixer2 Port1 USB Ⅱ Ⅱ ]9090)cos[( °+°−+− ULOU t φωω  

                           Ⅱ Ⅱ  = ])cos[( ULOU t φωω +− Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-19) 

Mixer2 Port2 USB Ⅱ Ⅱ ]90)cos[( °−+− ULOU t φωω Ⅱ Ⅱ Ⅱ Ⅱ  (1-20) 

Mixer2 Port1 LSB Ⅱ Ⅱ ]9090)cos[( °+°+−− LLLO t φωω  

= ]180)cos[( °+−− LLLO t φωω Ⅱ Ⅱ  (1-21) 

Mixer2 Port2 LSB Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω Ⅱ Ⅱ Ⅱ Ⅱ  (1-22) 

 

 

 

Port1 USB Ⅱ Ⅱ ])cos[( ULOU t φωω +− + ])cos[( ULOU t φωω +−  

                    Ⅱ Ⅱ  =2 ])cos[( ULOU t φωω +−  

Port1 LSB Ⅱ Ⅱ ])cos[( LLLO t φωω −− + ]180)cos[( °+−− LLLO t φωω  

    Ⅱ Ⅱ                 Ⅱ Ⅱ  =0 

Port2 USB Ⅱ Ⅱ ]90)cos[( °++− ULOU t φωω + ]90)cos[( °−+− ULOU t φωω  

 Ⅱ Ⅱ Ⅱ                  Ⅱ Ⅱ  =0 

Port2 LSB Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω + ]90)cos[( °+−− LLLO t φωω  

=2 ]90)cos[( °+−− LLLO t φωω  

 

Port1 USB Port2 LSB

2SB  
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1-6 ASTE望遠鏡 

ASTE Atacama Submillimeter Telescope Experiment

4800m

ASTE

2002 2004  

205 20 m

 

Ⅱ ASTE 345GHz 492GHz THz VLBI

230GHz 4 (1.10)

 

Ⅱ

 

Ⅱ Ⅱ  

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-1) ASTE  

 

 

 

Ⅱ Ⅱ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

主鏡サイズ 10m 

ビームサイズ 21"@345GHz 

観測 分光観測 ・連続波観測 

指向精度 1.5"以内 
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    Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1.9)Ⅱ ASTE Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1.10)Ⅱ ASTE  

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1.11)Ⅱ ASTE  
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2. ASTE搭載 345GHz帯両偏波超伝導受信機の設計 

2-1 研究背景 

2222----1111----1111     

10K

 

Ⅱ (2.1) M83 (2.1)

CO(3-2) CO(3-2)

ASTE 345GHz ()

ASTE 22” 35’×35’

42  

 

 

( )                                (Muraoka et al.2009) 

(2.1) M83 

CO(3-2) Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

 

Ⅱ  
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2222----1111----2 2 2 2 ASTE  

Ⅱ ASTE345GHz (2.2)

 

 

 

 

 

 

 

 

 

(2.2) ASTE345GHz  

 

Ⅱ

345GHz

(2.3)  

 

 

 

 

 

 

 

 

(2.3)  

 

2  
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2-2 偏波分離機 

(2.4)

345GHz (2.5)

Port (2-1)  

(2.5) Port1 (V-pol)

Port2 (H-pol) B iot junction

Port3  

 

 

 

 

 

 

 

 

(2.4) 345GHz  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (2.5)  
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Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (2-1) 345GHz Port  

Port1 0.736mm×0.736mm 

Port2 0.736mm×0.368mm 

Port3 0.736mm×0.369mm 

 

2-3 ASTE345GHz帯両偏波受信機の設計 

2222----3333----1 1 1 1  

 ASTE345GHz  

 

(1)Ⅱ ASTE

4K (2.6) 170mm  

 

(2) ASTE 345GHz (2.7) 

(2.7)  

(2.8)

(2.7)  

 

Autodesk Inventor 3D CAD

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (2.6) ASTE 4K  

170mm170mm170mm170mm    
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(2.7) Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (2.8)  

 

2222----3333----2 2 2 2     

Ⅱ 3DCAD  

Ⅱ Ⅱ 3DCAD 4K

(2.10)

 

 

 2SB  

 

 

 2SB IF90° 2SB  

 

 

  

 

 

Ⅱ Ⅱ

4K  
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(2.10)  

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

 

 

 

 

 

 

 

 

 

 

 

 

(2.11)  

2SB    
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Ⅱ 3DCAD (2.12)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ  

 

(2.12)  

 

 

 

2222----3333----3 3 3 3     

Ⅱ

 

 

2222----3333----4 4 4 4     

Ⅱ

(2.13)  
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(2.13)  
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3. 偏波分離器の評価 
Ⅱ  

 HFSS  

  

 

 

Ⅱ Ⅱ Ⅱ Ⅱ (2.5) Port1 Port2 Port3

 

Ⅱ Ⅱ Port1 Port Port

 

Ⅱ  

 

3-1 シミュレーターソフトによる評価 

3333----1111----1 1 1 1     

Ⅱ (2.4) 2007

HFSS  

Ⅱ (3.1) (3.2)

( )  

 

 (3.1)  (3.2)  
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3333----1111----2 2 2 2     

Ⅱ

(3.3) (3.4) 320~360GHz  

 

(3.3)  

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (3.4)  
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3333----1111----2 2 2 2     

Ⅱ (3.1)  

(3.3) (3.4)  

 

(3.1)  

 

 

 

(3.3) (3.4) (320 360GHz) 0.28dB

-63dB

Port

 

Ⅱ 345GHz

 

 

 

3-2 高周波ネットワークを用いた実験による評価 

3333----2222----1 1 1 1     

345GHz

ASTE LO (3.5)

(3.6) (3.7)

 

 

 

 

 

 

 

 

 

(3.5) ASTE LO  

 

挿入損失 -0.5dB～0dB 

偏波分離特性 -30dB 以下 
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(3.6)  

 

 

(3.7)  

SG  

SG  

  

Spectrum analyzer 

Filter

Amplifier

Port2

Port3Port1
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Ⅱ SG (SG Signal Generator)

24

Hermonix Mixer( (3.7)

H.M)  

Ⅱ SG Diplexer Port1 Port2

Hermonix Mixer SG Hermonix Mixer

 

Ⅱ Hermonix Mixer SG SG

Diplexer Port3

Spectrum analyzer  

 

ⅡDiplexer Port1 Port3 High Pass Filter Low Pass Filter

SG Port3 Hermonix Mixer

Port1  

 

   SG SG Spectrum analyzer 10MHz

(3.7)  

 

3333----2222----2 2 2 2     

SG  

(IF ) 300MHz

Hermonix Mixer 300MHz SG

 

SG 0 20GHz (340 350 GHz)

Hermonix Mixer 20 SG  

SG  

SG  

(3.2) (3.2) 300MHz  
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(3.2) SG  

SG  

[GHz] 

24  

[GHz] 

  

SG  

[GHz] 

20  

[GHz] 

14.200  340.80    17.0250  340.5 

14.225  341.40    17.0550  341.1 

14.250  342.00    17.0850  341.7 

14.275  342.逓0    17.1150  342.3 

14.300  343.20    17.1450  342.9 

14.325  343.80    17.1750  343.5 

14.350  344.40    17.2050  344.1 

14.375  345.00    17.2350  344.7 

14.400  345.逓0    17.2逓50  345.3 

14.425  34逓.20    17.2950  345.9 

14.450  34逓.80    17.3250  34逓.5 

14.475  347.40    17.3550  347.1 

14.500  348.00    17.3850  347.7 

14.525  348.逓0    17.4150  348.3 

14.550  349.20    17.4450  348.9 

14.575  349.80    17.4750  349.5 

14.逓00  350.40    17.5050  350.1 

       H.M 20  

Ⅱ Ⅱ Ⅱ     IF  300MHz 

 

 

Ⅱ   (3.8)

(3.2) Spectrum analyzer

 

Ⅱ

2  

 

Ⅱ (3.9) Spectrum 

analyzer Port3 H.M  

Ⅱ
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Ⅱ (3.10)

Spectrum analyzer Port2

H.M  

Ⅱ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ

 

(3.8)  (3.9)  

Diplexer 

H.M 

 

(3.10)  
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3333----2222----3 3 3 3     

(3.11) (3.12)

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (3.11)  

 

(3.12)  
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3333----2222----4 4 4 4     

(3.3)

(3.11) (3.12)  

 

(3.3)  

 

 

 

Ⅱ (3.3) (3.1)

 

 

Ⅱ (3.11) (3.12) gain

150cm

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

挿入損失 -3.0dB～0dB 

偏波分離特性 -17dB 以下 
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4. まとめと今後 
 

ⅡASTE 345GHz  

Ⅱ  345GHz  

Ⅱ Ⅱ Ⅱ  

Ⅱ Ⅱ Ⅱ  

 

 

Ⅱ  Ⅱ  

Ⅱ  

Ⅱ   

Ⅱ  ASTE  
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