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Outline

• Ground-based microwave  observations of planetary atmospheres

• Ground-based microwave observations of cometary atmospheres

• Ground-based 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
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SMT-Venus observations of CO (2-1), T and winds (day/night)

Science and Technology with the WMT, 23-24 June 2025, Schneefernerhaus

Rengel, Hartogh & Jarchow, PSS, 2008



Doppler shift caused by wind, CO(2-1) 
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Rengel, Hartogh & Jarchow, PSS, 2008



Mars: temperature retrieval from CO-line
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Hartogh et al,  PSS, 2007



Methanol lines in C/2002 T7 (LINEAR) (SMT)
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De Val_Borro, Küppers , Hartogh et al., A&A, 2013



Ground-based water vapor detection –
concept of retrieving vertical profiles
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e.g. Hartogh, Sonnemann, Grygalashvyly et al.,  JGR, 2010



Planetary Sciences Summer School 2005 August 15-26, Weihai, Shandong

Monitoring water vapor: annual varations



APEX observations of the Earth atmosphere
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Pardo et al., A&A, 2022



Tropospheric transmissions (MPM)
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Earth atmosphere spectrum at WMT 100 – 300 GHz (1.5 mm PWV)
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A bit zoomed-in (minor species become visible)
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Minor species: BrO (5 mK) and ClO (20 mK)
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Including HO2
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Including N2O and CO
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Including O3
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Including H2O and O2
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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 h to 5 min.

Kuwahara et al., AMT, 2012



Integration times (min) for 50 K SSB receivers (1.5 mm PWV) 
and 1 MHz spectral resolution

Molecule 1 px SNR=10 1 px SNR=30 1 px SNR=100 49 px SNR=10 49 px SNR=30 49 px SNR=100

BrO 260 (4 mK) 2360 26000 5 48 530

ClO 42    (10 mK) 375 4200 < 1 8 86

HO2 3       (38 mK) 27 300 < 1 < 1 6

N2O <  1    (2 K) < 1 < 1 <  1 < 1 < 1

CO <  1    (10 K) < 1 < 1 <  1 < 1 < 1

O3 <  1    (60 K) < 1 < 1 <  1 < 1 < 1

H2O <  1    (150 K) < 1 < 1 <  1 < 1 < 1

O2 <  1    (270 K) < 1 < 1 <  1 < 1 < 1
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Wind measurements (142 GHz O3 line)
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Hagen et al., AMT, 2018

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



Summary

• 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)
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