
Stratospheric THz Observatory (STO) 
Finder’s Scope for SOFIA : UAz, APL, CIT/JPL, KOSMA 

- 0.8-meter telescope with two  
- 4-pixel THz arrays  
- - platform for THz surveys 

- LDB Platform 
- >14 day flights 

2009 – First Engr. 
Flight 

2010-11 - First 
Science 
Flight : C+, N+ 
Survey 



Fundamental Goals 

1. Determine the life cycle of Galactic interstellar 
  gas. 
2. Study the creation and disruption of star forming clouds in the 

Galaxy. 
3. Determine the parameters that affect the star 

 formation rate in a galaxy. 
4. Provide templates for star formation and stellar/ 

 interstellar feedback in other galaxies.  
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STO Vastly Improves Available Angular Resolution 

Galactic Plane Region Near  l = 340   IRAS 60 µm Smoothed to 3° 
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STO Vastly Improves Available Angular Resolution 

Galactic Plane Region Near  l = 340   IRAS 60 µm 2’ Resolution 
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STO Vastly Improves Available Angular Resolution 

Galactic Center Region   IRAS 60 µm Smoothed to 7° 
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STO Vastly Improves Available Angular Resolution 

Galactic Center Region IRAS 60 µm 3’ Resolution 
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Scientific Merit and Impact 

STO Surveys: 
    1. GPS: Galactic Plane Survey: -20o < l < -55o ;  0 < b < 1o in [C II] and [NII].  
    2. DS: Deep Survey of arm and interarm regions: 
         l ~-50o and -40o  ; -0.5 to -0.7o  in b  
STO's potential for additional flights provides the ability to more fully map the 

Galaxy in the [C II] and [N II] lines and to change receivers to include other 
important interstellar lines such as [N II] 122 mm, [O I] 63 & 145 mm, and 
HD 112 mm. Surveys will sample the full dynamic range of dark clouds and 
star formation activity in the Galactic disk and bulge, allowing for the first 
time a complete picture of the Life Cycle of the ISM in the Milky Way. 



[CII] is the most 
powerful spectroscopic 
thread for probing the 
ionized/neutral 
components of the 
ISM.  

[N II] observations 
provide sensitive/detailed 
maps of star formation 
rates in the Galaxy, and 
are used to separate the 
ionized and neutral 
components of [CII] 
emission. 

Importance of  [CII] & [NII] 
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[CII]/[NII] Emission is Widespread 

(Genzel, et al. 1990) 

(Borieko, et al. 1990) 

Disk-KAO: 

Bulge-KAO: 

High Velocity 
(Heterodyne) 
Resolution is 
essential! 

STO maps  
~105x angular 
~103x velocity 
resolution  
of COBE. 
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Science Traceability: Baseline 
Science Objectives Science Measurement 

Requirements 
Instrument Functional 
Requirements 

Mission Functional 
Requirements (Top-
level) 

Measure mass of 
neutral and ionized 
clouds in Milky Way  

Differentiate between 
ionized and neutral 
clouds 

Mapping [CII] over 
350  swath of the 
Galactic Plane, 0-10 
height. 
Mapping [NII] over 
350  swath of the 
Galactic Plane, 0-10 
height. 

4 pixel, 1.9THz 
Receiver Heterodyne 
Receivers 

4 pixel, 1.45THz 
Receiver 
Heterodyne Receivers 

~14 day mission 
lifetime 

~14 day mission 
lifetime 

Spatially resolve 
interstellar clouds 

1 arc minute 
angular resolution >65cm primary 

antenna 

~15” pointing 
knowledge 

Velocity resolve 
interstellar clouds 

0.2 km/s velocity 
Resolution 

Spectrometers with 
~1MHz resolution 

~30kps data rate 

Cover range of 

galactic radial velocities 
160-205 km/s 
velocity 
range 

IF/Spectrometer  
Bandwidth per pixel 
~1GHz 

~30kps data rate 

Sensitive to Av ~ 0.4 
clouds in Galactic Plane 
Survey 

Ability to detect      
TB ~ 1 K 

Trec (DSB) < 2000 K 
Cryogenically cooled 
HEB receivers 

4He cryostat 
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Ballooning & Gondola 
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STO Instrument Concept  

On-Axis Telescope 



STO Optics and Cryogenics 
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STO Antarctic Flight 
Cryogenics 



Details of Dewar and 
Counterweight 



Details of Cryostat / Dewar Design 

Beam 
Path 

Liquid Helium 

Dewar 
Inner Tank 

4 K 
Shield 

25-40 K 

Shield 
77 K 

Shield 

Vibr
ation 

Isola
tor Local 

Oscillato

rs 
Amplifiers w/ 

coax 

connectors (out 

of sight) 
Detectors 

& Optics 

Sunpower  
Cryotel LT Cooler 

QDrive 2S102K Cooler 

Support, 
Typ of 3 

Vacuum Shell 

Top Head 



Omnisys AB FPGA-
Based Spectrometer 

• Uses two interleaved 8 bit 
samplers to digitize the incoming 
IFs from the receiver. 

• A large FPGA (Xilinx Virtex 4) 
performs a real time FFT on the 
data and integrates. 

• One board processes 4 500 MHz 
bandwidth signals, with 2048 
channels per spectrum (resolution 
of 250 kHz) 

• 8 board spectrometer system 
delivered! (16 GHz total BW, 
32768 channels, 1 19” 3U rack) 

• IF processor combines two 250 
MHz BW IF channels into one 
spectrometer input 



Schedule 
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