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How to observe with upGREAT on SOFIA

Volker Ossenkopf-Okada, I. Physikalisches Institut, Universität zu Köln
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Overview

● What to observe?

– Constraints

● Instrument
● Atmosphere
● Flight tracks

● How to observe?

– Noise

– Observing modes

● How to use the data?

– Data release

– Data reduction
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Prerequisite – good science driver

See tutorial of W.T. Reach

● What line(s) do I want to observe?

– What is the line frequency?
● What source(s)? 

– coordinates, area
● What line intensity do I expect?

● Where is a good reference 
position?
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Main sources of info

● Main tools:

– GREAT time estimator: https://great.sofia.usra.edu/cgi-bin/great/great.cgi

– VT (Visibility tool)

– USPOT (Proposal handling system)

https://great.sofia.usra.edu/cgi-bin/great/great.cgi
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● SOFIA Observers Handbook

– https://www.sofia.usra.edu/science/proposing-and-observing/sofi
a-observers-handbook-cycle-6

 

● Data reduction: CLASS (GILDAS):

–  https://www.iram.fr/IRAMFR/GILDAS/gildasli2.html 

Main sources of info

https://www.sofia.usra.edu/science/proposing-and-observing/sofia-observers-handbook-cycle-6
https://www.sofia.usra.edu/science/proposing-and-observing/sofia-observers-handbook-cycle-6
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GREAT

German REceiver for Astronomy at Terahertz-Frequencies
● Heterodyne receiver

– Dual channel
● 2-5 frequencies simultaneously

– 0.5 – 4.7 THz
● in 6 frequency-bands

● Spectrometers: FFTS4G
● 16k channels
● Bandwidth: 4GHz
● Resolution: 283kHz (R = 107)
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Basics

Heterodyne principle
● Mixing of sky signal with reference frequency
● Amplification of difference (IF) frequency

→ double-sideband sensitivity:  



Volker Ossenkopf-Okada                  SOFIA workshop Stuttgart 5/4/18 8

MPIfR
KOSMA
MPS
DLR-Pf

Basics

Radiometry
● Noise determined by

– Forward efficiency, main beam efficiency 
– Receiver temperature (double sideband)
– Atmospheric transmission in signal + image sideband
– Frequency resolution
– Integration time
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Basics

Radiometry
● Stability of heterodyne 

instruments ~ 100s 

● Requires repeated OFF 
measurements

– Eat time and add noise
– Factor 2 for symmetric schemes with 

4G3 stability Feb. 2018



Volker Ossenkopf-Okada                  SOFIA workshop Stuttgart 5/4/18 10

MPIfR
KOSMA
MPS
DLR-Pf

GREAT

Frequencies:

● Beams: 

– 57'' (0.5 THz) ... 6.6'' (4.74 THz):

Channel Frequencies [THz] Pixels Lines of interest Trec,dsb[K] 

4GREAT          4G1 0.490-0.635 1 [CI], CH, CO, NH3, H2
18O 120

4GREAT          4G2 0.890-1.100 1 NH, OH+, CO, HDO 350 

4GREAT          4G3 1.20-1.53 1 [NII], CO, OD, SH, H2D+ 1100

4GREAT          4G4 2.48-2.69 1 OH 1700 

upGREAT        LFA 1.83 – 2.01 2x7 CO, [CII], [OI], OH 1050

upGREAT        HFA 4.74 7 [OI] 1100
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Frequencies

Tested lines (incomplete):

● Check for your own lines of interest in covered frequency range
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Frequencies

Frequencies:LFA

IF Offset 1.5

HCN(14-13) 1239.8903 LSB

HCO+(14-13) 1247.7350 LSB

CO(11-10) 1267.0145 USB

OD 1391.4947 USB

CO(16-15) 1841.3455 USB

CII 1900.5369 LSB

CH_149 2006.7625 USB

OI_145 2060.0688 USB
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Frequencies

But: Be aware the atmosphere!

● Atmospheric lines cover 
parts of the bands

● Coverage depends on
observing date

● Selection of the 
sideband
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Atmosphere

● Check the atmospheric transmission: 

– GREAT time estimator: 
● https://great.sofia.usra.edu/cgi-bin/great/great.cgi
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Planning

● Time constraints: 

– LSR velocity of source relative to atmospheric features

● GREAT time estimator
– Visibility at observing altitude

● 20°-60°
– Flight direction

● Round-trip required
● Maximum time 

per lag ~3h
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Planning

● Visibility Tool (3.5.1): 

–
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Observing modes

● Symmetric modes

– e.g. double-beam switch (=chop-nod)

– for broad lines/instable frequencies

● OTF mapping 

– Combines Non map points with a single 
OFF measurement

– Saves time and noise
 

– But introduces spatially correlated noise
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Mapping modes

● Combine with receiver geometry

– Single pixels (4GREAT)
● Use Nyquist sampling or half-beam 

sampling depending on beam width

– Array mapping (LFA, HFA)
● Array tilt by 19.1 degrees provides 

equal spacing of scan lines

63.4''(LF
A

)

27.6''(H
F

A
)
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Mapping modes

● Array mapping (LFA, HFA)

– Array tilt by 19.1 degrees provides 
equal spacing of scan lines

– Two adjacent scans provide fully sampled maps

● 5.2'' spacing for LFA
● 2.3'' spacing for HFA
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Mapping modes

● Classical OTF

– Every pixel covers every part of the map

– Allows to compensate for different pixel sensitivities

– Arbitrary map size

– Ideal for weak, small 
sources



Volker Ossenkopf-Okada                  SOFIA workshop Stuttgart 5/4/18 21

MPIfR
KOSMA
MPS
DLR-Pf

Mapping modes

● Array OTF

– Assembly of map from 
minimum array coverages

– Mosaicing for large areas

● 73.8'' (LFA), 32.2'' (HFA)
– Ideal for strong extended 

sources

–  Not in HFA-LFA combination
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Visualization

● USPOT (3.5.2): 

–
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Visualization

● Array OTF: 

–
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Visualization

● Classical OTF: 

–
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Time estimates

● Output from GREAT time estimator      →      USPOT (3.5.2)

– Single point observations

● Use ton+toff in USPOT as given by time estimator

– Single beam switch / double beam switch mapping

● Divide ton+toff  by 2 for input as ton in USPOT

– Array-OTF

● Use ton in USPOT as given by time estimator

– Classical OTF

● Divide  ton from time estimator by number 
of pixels for central area
– 1/14 for LFA
– 1/7 for HFA
– Smaller reduction for noise goal at edges
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Data delivery

● Release: 

–
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Data delivery

● Release: 

–
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Data reduction

● GILDAS (CLASS): 

– Change spectral
and/or spatial
resolution

– Baseline 
subtraction

– Inspection / 
export

file in Cycle3_GT_DDT_75_0015_EYoung_Tmb.great
find
list /toc

file out Horsehead_smoothed.great s /o
for i 1 to found
    get next
    smooth box 5
    base 1
    write
    next

file in Horsehead_smoothed.great
find

set weight sigma
table Horsehead_DDT_CII new /range -50 80 v  /nocheck
let map%beam '15.1'
let map%cell 6.0 6.0
xy_map Horsehead_CII

let name Horsehead_CII
let type lmv
go view
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Example

let name Horsehead_CII
let type lmv
go view
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