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microwave observations of planetary atmospheres
microwave observations of cometary atmospheres
microwave observations of the Earth atmosphere

* Earth atmosphere millimeter wave spectrum at the WMT location

* Potential of the WMT to detect minor atmospheric components

* Advantage of array observations of Earth’s atmosphere



SMT-Venus observations of CO (2-1), T and winds (day/night
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Doppler shift caused by wind, CO(2-1)
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Mars: temperature retrieval from CO-line
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Methanol lines in C/2002 T7 (LINEAR) (SMT)
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Ground-based water vapor detection —
concept of retrieving vertical profiles

' ] 12— 1 T o T ] 100
DeCfeaSlng r oftset:—0.584 K slops: 18.7 mKMHz [
Pressure 80 km - < @@ | ¥ 100 ] A
e ] :
=] L |
— 80
70 km jk g 0.8 ] ]
Q |-
% 0.6+ A
60 km S . £ f
L P 'E 60
8 04* ,ﬁ »\\‘ 7 E L
E [ F‘( .\ 1 I;.
50 km A £ P " ] I
| £ 0.2 st e, 13
Increasing m O e W“‘Wﬁ%\ =
Pressure T T Lo o] < 40
J 40 km o | S
g 40: '
E 2o0F [ pltheb g b, dbtkondd bl ] I
«© 0 F N et Nl AN o . 20
. : [ M AR N BV add \ |
Integrated Line Strength ° Eo AT Al ' R P et 1 i
' @ —20- q -
€40 ] i
—60’ L I L ] O [ R [ | L [ L | L1
-50 0 50 0 2 4 8 8

e.g. Hartogh, Sonnemann, Grygalashvyly et al., JGR, 2010 Frequency Offset [MHz] Volume Mixing Ratio [ppm]



Monitoring water vapor: annual varations

Water vapour — ALOMAR, Norway
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APEX observations of the Earth atmosphere
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Tropospheric transmissions (MPM)
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Earth atmosphere spectrum at WMT 100 — 300 GHz (1.5 mm PWYV)

microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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A bit zoomed-in (minor species become visible)

microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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Minor species: BrO (5 mK) and CIO (20 mK

microwave spectrum of the Earth aimosphere for 45 deg. zenith angle from 3 km altitude
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Including HO?2

microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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Including N20O and CO

microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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| n Cl u d | n g O 3 microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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Including H20 and O2

microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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Comparison with observations
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Measured 8 mK line amplitude at 203 GHz is compatible with our simulation
36 h integration time for SNR ~ 10, Trx = 170 K DSB. Using state-of-the-art receiver technology (50 K SSB) reduces the integration
time to < 1h. Assuming ~4 mK for BrO results in an integration time of ~ 4h. Use of array receiver reduces the integration time
further proportional by the number of pixels. E.g. the Alhambra receiver in development at IRAM has 49 pixels: from 4 hto 5 min.

Kuwahara et al., AMT, 2012

microwave spectrum of the Earth atmosphere for 45 deg. zenith angle from 3 km altitude
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Integration times (min) for 50 K SSB receivers (1.5 mm PWYV)
and 1 MHz spectral resolution

m 1pxSNR=10 | 1pxSNR=30 | 1pxSNR=100 |49 px SNR=10 |49 px SNR=30 | 49 px SNR=100

260 (4 mK) 2360 26000
ClO 42 (10 mK) 375 4200 <1 8 86
HO2 3  (38mK) 27 300 <1 <1 6
N20 <1 (2K) <1 <1 <1 <1 <1
co <1 (10K) <1 <1 <1 <1 <1
03 <1 (60K) <1 <1 <1 <1 <1
H20 <1 (150K) <1 <1 <1 <1 <1
02 <1 (270K) <1 <1 <1 <1 <1
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Wind measurements (142 GHz O3 line)

Measurements with WIRA-C (IAP-Bern)
Tsys = 550 K SSB

One wind profile from 35-75 km per 12 h
Accuracy<5 m/s

WMT with Tsys = 50 K SSB:
One wind profile per 6 min per pixel

Multi pixel wind measurements not done thus far

Hagen et al., AMT, 2018
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Ssummary

* WMT in mm wave range competitive with SMT or better (larger dish)
for observations of planetary and cometary atmospheres

* Potential of WMT for atmospheric measurements brilliant:
* monitoring of minor species including BrO feasible
» superior SNR for minor species
* short integration times for stronger lines
* derivation of wind profiles between 35 and 75 km altitude in a few minutes

* Multi pixel wind measurement never performed so far. Provides a complex
picture of atmospheric processes, especially when performed together with
temperature measurements (e.g. two at least 2 simultaneous ozone line
observations)



