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The ESA-Haystack Telescope 

• Frequency 1420 MHz (Wavelength 21 cm) 

• Spectroscopy 

• Radiometer (flux calibrator = Library wall) 

• 2.3 m diameter parabolic reflector 

 

• Rotation curve of the Milky Way 

• (Solar temperature) 



We live here in the Milky Way which 
rotates about its centre 

Spiral arms 

The emission from an  

object here will be seen 

by us ‘blue-shifted’, i.e.  

coming towards us.  

This object will be seen 

by us ‘red-shifted’, i.e.  

moving away from us.  
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What we observe at G90 
    Four spiral arms … 

G0 

G90 

G180 

G270 

… each gives  

a ‘bump’ in  

the spectrum 

 blueshift redshift  



We live here in the Milky Way which 
rotates about its centre 

Spiral arm 

The emission from an  

object here will be seen 

by us ‘blue-shifted’, i.e.  

coming towards us.  

This object will be seen 

by us ‘red-shifted’, i.e.  

moving away from us.  



Oort’s formula 

vRAD (l) = (vROT(R) * R


/R – v


) sin l 

Assume: all stars move on circular orbits 



A special case 

l 

Gal.Centre 

R
 

R
 

v
 

vROT(R) 

At longitudes l < 90° we observe a 

maximum radial velocity …  

… from the matter that we see  

moving radially away from us … 

… which is the radius to which our  

line-of-sight is a tangent!  

vRAD,max(l) = (vROT(R) R


/R – v


) sin l 
with R = R


sin l 

 
 vROT(R


sin l) = vRAD,max(l) + v


 sin l 

 



What we had done 

• Spectra at various positions in the inner Galactic 
Plane (G0 = SgrA … G90) 

– Frequency centre and span chosen to cover the entire 
feature 

– Observed until the (red) averaged spectrum looked 
smooth and pretty noise-free  

• Now we have all spectra in one data file … 



… and we use SRTanalyser.java 



… display the spectrum for G30 

Read the maximum velocity 



The data reduction 

• How this is done? 

 

• Let us look at it step-by-step 

 

• You can write your own program in Basic, C, 
FORTRAN, Java, Python, … 



Some generalities 

• For galactic studies we won’t do any flux 
calibrations 

• We observe spectra = the powers at a range of 
frequencies (i.e. radial velocities) 

• We take a number of spectra at each position 
 we’ll use the average spectrum 

• My slang: ‘spectrum’ = all the 202.. points of 
data … i.e. do everything for all those points  

 



Structure of the data file 

(1) When we move to another position, this is recorded as a comment 
* cmdfil: line 198 : galactic 65 0 
(other comments are marked with an asterisk …) 
 
(2) Measurements are a number of data lines: 
At each moment of time, the entire spectrum is recorded as 
 
02:15:10  157.5  65.1  0 0  -35.78  1419.61  0.00781250  5  202  20.0  25.0  44.0 …. 

Time [UT]   position     ..  ..  VLSR        frequency grid info       spectrum …. 
                   AZ     EL       ..  ..   [km/s]     freq1      fstep          ..    nf     p1    p2     p3 …   

powers are given 
for all frequencies,  
starting with the first 
one (freq1) and with 
the step fstep: 
 
f(k) = freq1 + k*fstep   

Number of  
frequencies 

[MHz] 

(3) For each position, we average for each frequency 
     the powers from this position, to get the  
     average spectrum.  



Step1: make the frequency grid 

First frequency 

Frequency step 



Step2: make the velocity grid 

VLSR correction 



Step3: get average powers 

MOYENNE = AVERAGE 



  Step 4: Plot the average spectrum 

(or frequency …!!) 

That’s only the  
background noise 

The galactic emission  
is this excess area! 

Let us assume that the  
background spectrum 
is such a straight line  



  Step 5:   Subtract background (‘baseline’) 

(or frequency …!!) 

(a) Chose two points A and B 

(b) First guess their coordinates 

(c) Compute for all frequencies the 

background powers: 

 

 

(d) Subtract this spectrum from the 

data (all frequency points!), and plot 

these baseline-subtracted data 

(e) Adjust the values yA and yB until the 

flat parts left and right of the feature 

becomes zero … 

y = yA + (x-xA) * (yB-yA)/(xB-xA)  



In Excel it looks like this 

Well done! 



Analysis 

at R = R


sin l  we have rotation speed 
 
        vROT(R) = vRAD,max(l) + v


 sin l 

 

(2) apply Oort’s formula 

(1) Get the lowest frequency of galactic features  
            … or the highest radial velocity  



Collect the data from longitudes 



What you might get … 

 

This ‘flat’ curve means trouble! 



...flies in the face of physics 

 

The observed curve does not 

go down – things get even worse  

further out! – needs postulation 

of ‘dark matter’…?!  

What we should expect if visible 

matter (stars+gas) would account 

for the gravitational attraction   





 



Solar temperature I 

• We do not need the spectral details  

• Just add (SUM or AVERAGE) the fluxes of all 
frequencies in a spectrum … 

• … but do NOT use the first 9 and the last 9 
frequencies: the border regions! 



Solar temperature II 

Sun  

map 

SUN 

flux  

calibration 

at  

ISU 

SKY = background 

0 K 

290 K 

TANT 

Psun = 1800 

 

Psky = 1000 

 

Pcal = 1330 

 

gives antenna temperature 

 

TANT = 290K * (Psun-Psky)/(Pcal-Psky) 

       = 290K * 2.4 

       = 700 K 



Solar temperature III 

• The sun has a diameter of 0.5°, thus much 
smaller than the antenna beam (6°) 

• Solar radiation fills the antenna beam with 
only a fraction of (0.5°/6°)² = 1/144 

• The calibrator of T=290 K fills the entire beam, 
so if one wants to get a solar signal of 2.4 
times the calibrator, the solar surface 
temperature must be 144 times higher than 
the antenna temperature: 



The temperature of the solar 
surface is: 

 
290 K * 2.4 * 144 = 100000 K 

Ground  

calibration 
Measured sun 

Measured: Antenna beam width TANT =  700 K 



Solar temperature IV 

Dresden 

Haystack 

(NOAA, 27 jul 2010) 



Solar temperature V 

Dresden 

Haystack 
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