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Molecular Lines and the AT Frequency Bande

The choice of frequency coverage for the Australia
Telescope depends largely on the frequencies of interstellar and
circumstellar molecules. There are a very large number of
molecular transitions which have been detected astronomically
between 327 MHz and 116 GHz. These detections and observed
antenna temperatures appear in a listing by Frank Lovas of the US
National Bureau of Standards, revizged in 1984 (currently in
preprint form). There are over 200 entries below 120 GHz which
have antenna temperatures above 0,35 K. This is about 20% of the
complete list of detections.

A shorter list is recommended by the IAU as being of
particular astrophysical importance. There are 30 transitions
listed for freguencieg below 120 GHz. This ligt has been used in
attempts to gain protection for these frequencies against
interference,

Another important factor in establishing frequencies of
interest for astronomy is the atmospheric transparency. Water
vapour has & strong absorption line at 22.3 GHz, and many more at
higher frequencies. The wings of these high frequency features
blend to cause a general increase in atmospheric opacity above 20
GHz. Atmospheric oxygen produces strong absorption over a broad
band centred near 60 GHz and also a narrow band at 118.7 GHz.

1t is important for the AT bands to overlap those of
other major radioastronomy observatories, particularly those
involved in VLBI. The frequencies chosen for the U.S5. VLB array
are of particular interest since it is likely that any new
radiocastronomy receivers built will be influenced by their
choice, including QUASAT.

The attached tables list the freguency bands currently
suggested for the AT and the VLBA, and the IAU recommended
molecular lines. The IAU line frequencies, atmospheric
attenuation curve and the currently specified AT bands are
plotted on Figure 1. The line temperatures are given the values
listed by Lovas as a guide to their strength. The atmospheric
curve is in dB of attenuation at the zenith for dry weather, It
exceeds 3 dB above 116 GHz and also between 50-70 GHz. The
attenuation at 22.3 GHz is about 0,7 dB. The transitions listed
by Lovas with Ta > 0.35 K are plotted on Figure 2.

The Lovas list was accurately transferred to a computer
database by GwenAnne Manefield. The curve digitization and
plotting program was written by Robina Otrupcek, John Whiteocak
and Brian Robinson provided the information on atmospheric
absorption.

J.R, Forster
25 February, 1986




AT and VLBA proposed frequency coverage

Band HName VLBA coverage AT coverage
90 cm 0.312 - 0,342 not specified
50 cm 0.580 - 0.640 not specified
& cm not covered not specified
20 cm 1.35 - 1.75 1.25 - 1.78
13 cm 2.15 - 2,35 2.20 - 2.50
& Ccm 4.60 - 5,10 4,40 - 6,10
{5 cml] [5.90 - 6,40} noct covered
3 ecm 8.00 - 8.80 $.00 - 9.20
(2.8 cm] 10,2 - 11.21 not covered
2.0 cm 14,4 - 15.4 not covered
1,3 cm 21.7 - 24.1 20,0 - 25.5
7 mm 42,3 - 43.5 42,0 - 50.0
3.5 mm not covered 54,0 - 98.5
2.6 mm not covered 105.0 - 116.0

note: [5 em and 2.8 cm are optional VLBA bands]

I1AU recommended lines of astronomical importance

Substance Rest frequency  Suggested mintmm  Notes(!)
band

Deuterium {DI) 127,38%. MH: 37,0 - 327.7 MHz
Hydrogen [(HI) 1420, ko6 MHz 1370, - k27, MHz (2).(4)
Hydroxyl radical {OH) 1612.231 - Mz 1606.8 - 1613.8 Mz (3),(4)
Hydroxyl redical (OR) 1665. ko2 Miz 1659.8 - 1667.1 MHe (3)
Hydroxy! radical (CH) 1667.35¢9 MMz 1661.8 - 1669.0 MHz {3)
Hydroxyl radical (OB} 1720,530 MEz 3748 - 1722.2 MHe (3),(8)
Methyladyne (CH) 3263, 79k MEs 3252.9 - 3267.1 MHz (3).(4)
Methyladyne (CH) 3335.h81 | MEz 3398,k - 33388 Mz (3},.(4)
Methyladyne (GH) 3349.193 MMz 3338.0 - 3352,5 MAz {3),{4)
Formaldehyde (HzCO} L829.660  MEx LBX3.6 = LA3k,5 Mz (3),(4)
Formaldehyde (HzC0) 14.488 Ez 14.439 - 14503 ooy (3}.(8) :
Water vapour (Hz0) 22,235 G 22,96 - 23,26 aEs (3),(4) ' |
Ammonia (NHs) 23.69¢ gz 23.61 - 2.7 cms (3) N !
Mwonia (NHy} 23.723  ofs .64 - 2376 ois (3) '
Amwonia {NH) 23.870  gxz 23.79 - 23.88 cms (3) :
511icon monoxide (510) 2821 oz 42.77 - 4296 Gha :
Stifcon monoxide (510} 83022 o 43.07 - 4317 am : i
Carbon monosulphide (CS) 43.991 Guz 45.9 - 43,04 Oz § i
Deuterated formpliua (DC0?) 72039 gms 1.9 - 201 aEs (4)
$11icon monaxide (S10) 86.243 Giz: 86.% - §6.33 ONs
Foruylimm (H!'cCo¥) 86.754 Gz 86,66 - 86.84 (N -
Ethynyl radfcal (CH) - 87.3 GHz 57.19 = B7.54 oz (s)
Hydrogen cyanide {HCN) 88.632 que 88.34 - 88.72 amg (3)
Formylium (BCOF) 22.189 cuz B8.B9 - 29.28 aus (3)
Hydrogen i1socyanide (HNC) 90. 664 cis 90.57 - 90.76 am:
Dlazenylium {NH") 93.17 ota 93.07 - $3.27 oHs
Carbon monosuliphide (CS) 97.981 oix 97.88 - 9S.08 e
Carbon monox{de (C**0) 109.782 g, 109.67 - 109.05 g,
Carbon monoxide (''Co) 1e.201 o 1N - 031 one
Carbon monoxide (CO0)- ns.mn e VLIR 4 115,39 cme {3)
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IAU lines and atmospheric extinction
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Detected lines (T > 0.35 K)
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