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MM / SUB-MM TELESCOPES
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IRAM, K. Zacher

IRAM 30m telescope, Spain

APEX, Chile
MPIfR

LMT / GMT, Mexico

© Large Millimeter Telescope

SOFIA

NASA - Carla Thomas

90-345 GHz 190 GHz - 1000 THz

150 GHz - 1.5 THz

75-345 GHz
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ORGANIC MOLECULES
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Detection of iso-Propanol (C3H7OH) 
close to the Galactic center

by ALMA

GLOSTAR collaboration (background image). Wikipedia/public domain (molecule models)Belloche et al., 2022
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HELIUMHYDRIDE IN NGC7027
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Composition: NIESYTO design; Image NGC 7027: William B. Latter (SIRTF Science Center/Caltech) and NASA/ESA;  
Spectrum: Rolf Güsten/MPIfR (Nature, April 18, 2019)

SOFIA:
Detection of HeH+ 

at 2.01 THz  
( 0.149 mm)λ =

Carlos Duran/MPIfR
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DIFFERENCES CM-MM
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cm-wavelengths mm-wavelengths

Sky is rather cold and  
mostly transparent

High absorption,  
significant emission

Atmosphere is stable fast changing conditions

Receivers stable,  
noise diode sufficient 
for calibration

less stable, more sensitive  
to weather influences

Receiver dominates noise Atmosphere dominates noise

—> a special calibration scheme is needed: Chopper-Wheel-Method

Strong calibrator sources available Difficult to find calibrators



XIX IAG/USP Advanced School on Astrophysics - September 2025

MM-SKY
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Transmission / Absorption 
strongly depends on the 
water in the atmosphere 

pwv - precipitable water vapor
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RECEIVER NOISE TEMPERATURES
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C. Kramer, IRAM 
mm Interferometer School, 

2018

Compare to cm-regime:
Trec ~ 5-30 K
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CHOPPER-WHEEL-METHOD
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see e.g. Penzias & Burrus, ARAA,1973, Ulich & Haas,  ApJ1976

https://www3.mpifr-bonn.mpg.de/staff/
dmuders/APEX/APECS/APEX-MPI-MAN-0012-R1_4.pdf

https://www3.mpifr-bonn.mpg.de/staff/
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CHOPPER-WHEEL-METHOD
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Main idea:
Compare the received signal frequently from the sky with various reference signals.

Hot load: Usually an absorber at ambient (room) temperature (~290 K).

Cold load: Sometimes a cooled absorber, and/or just looking at the sky, 
assuming known atmospheric attenuation (—> ATM model, WVR)

—> use the sky itself as calibrator!

Sky measurement: Looking at the blank sky and  
then on the source.
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C. Kramer, 
IRAM mm 

Interferometer School, 
2018

Nasmyth cabin 
30m telescope

CHOPPER-WHEEL

(In reality, the wheel is not  
used for hot/cold calibration,
but for very fast on/off
observations. 
But it gives the idea…)
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CALIBRATION (SIMPLIFIED)
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Vload = G(Tamb + Trec) Voltage due to the load

Vsky = G(Tsky + Trec) = G(Tamb(1 − exp(−τAM)) + Trec) Voltage on sky

Simplifications: 
All power comes from the front, 
no second sideband,  Tatm =  Tamb ,
the atmosphere can be described  
as a single layer.

Define the calibration signal: Vcal := Vload − Vsky = GTambe−τAM

—> Contribution of the receiver deleted!

Vsrc = GT′￼Ae−τAM Voltage due to the source

AM =
1

sin Elv
Airmass:

is the optical depth in zenithτ
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ATMOSPHERIC MODELING
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Vcal = GTambe−τAM

Need good information  
about the atmospheric absorption   

—> water vapor radiometer,
atmospheric modeling

A water vapor radiometer  
(WVR) measures the
temperature profile of 

the water lines at  
22.2 and / or 183.3 GHz 
to determine the amount 

of precipitable water 
(pwv).
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CALIBRATION (SIMPLIFIED)
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Vcal = GTambe−τAM Vsrc = GT′￼Ae−τAMCompare what we have so far :

and we get: Vsrc

Vcal
=

T′￼A

Tamb
⇒ T′￼A = Tamb

Vsrc

Vcal

Be aware that instrumental effects, like, e.g. the 
gain-elevation-effect still have to be corrected for!

In somewhat more detail: TA = Tcal
Tsrc − Tsky

Tload − Tsky

With some calculations, on gets: Tcal = (Tload − Tsky) eτAM
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CALIBRATION IN REALITY
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In reality, several effects have to be considered, e.g.:

* not all radiation comes from the source (define the „forward efficiency“ as TA* = TA’ / Feff)
* usually, signals from both sidebands mix (with different gains)
* in reality: Tamb ≠ Tsky

—> things get more complicated:

Usually, the calibration is done by dedicated software. 
(Still, it is good to know what happens „under the hood“).

C. Kramer, 
IRAM mm 

Interferometer School, 
2018
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SUMMARY
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At mm-wavelengths:
* the atmosphere dominates the noise
* receivers are less stable than  

in the cm-range
* difficult to find calibrator sources

—> A Special calibration scheme  
is needed: 

„Chopper-Wheel-Calibration“

In reality, the observer does not have to deal with this on his own,
the procedures are realized in dedicated software at the observatory.

MPIfR


