
How to reduce Echelle spectra with 

IRAF to measure the RVs



What we want to do



IRAF package echelle

• The package that contains the necessary commands can be found in 

noao.imred.echelle

• We will now go through all steps necessary to get a 1D-spectrum out of the 

image that we observed, here are some calibration files for simplification

• To understand what the single steps do, do it by hand the first time!

• You can speed up the process by creating your own script file later containing 

the commands you use (you can use mkscript to do it) and using lists!

• Scripts are loaded using cl < scriptname.cl &

• (to go out of your window or to the next step type "q" in the window)

• You are always encouraged to use "help task"

https://www.tls-tautenburg.de/images/ArticleImages/Projects/EREBOS/calib.tar.gz


Making the average 

bias frames



The bias frames

• The bias has two parts: 

• 1.) a structure that is always the 
same

• 2.) An offset that changes from 
frame to frame. 

• It is thus not very smart to do it like 
that: science_frame - bias = 
science_frame_corrected.

• Better do it like this:

• Science_frame - structure = dummy

• Measure off-set using the overscan 
and then

• Dummy - value_of_overscan = 
science_frame_corrected.

• The frame “structure” should be 
made in such a way that the value 

in the overscan is 0.0  

First step: average all bias 
frames using a list:

And then combine it 

using incombine



Determine bias level

Most CCDs are so good that the bias does not have a small-scale structure. In this case, you can just 

ignore the structure and just subtract the average value in the bias frame

We can derive it using imstat, save the mean value and then just subtract this value from the 

science and the flat field frame later using imarith



Making an flat for an 

Echelle spectrum



How to make a flat I?
• Problem: we can not simply divide 

by the flat, because the flat has a lot 

of flux in the orders but nothing 

outside the orders and dividing by 

zero does nor really give you great 

results. We thus need a flat that 

contains 1.0 between the orders and 

the relative pixel-to-pixel variations 

(values like 0.8...1.2) in the orders.

• The first step is to average all flats 

(make sure that you do not have 

cosmics) and subtract the bias. 



How to make a flat II?
• In order to make a flat, IRAF has to 

know were the orders are. We also 

need this information later for the 

stellar spectra. I call the spectrum of 

the brightest star “find_orders.fits”. 

• Take a spectrum of a very bright star 

and use “apall” and switch on all 

interactive modes, except the width 

of the orders (measure them and 

define them), you can use the one 

given in the calibration files



How to make a flat III?
• After the orders are defined 

using the “find_orders.fits” frame:

• Use “apflatten” to make flat. 
Make sure that you have the 
width of the orders defined and 
use the correct fitting function.



Check with “imhist” that 
there no strange values, 
use “imreplace” if 
needed.  



Preparing the science 

frames



First steps

• Subtract bias:
• Science_frame - value_of_overscan = 

science_frame_corrected.

• Devide by flat
• Science_frame / Flat = Science_frame_corrected

• same needs to be done to the ThAr lamps later!!



Subtracting the 

scattered light



• Subtracting the scattered light

• The scattered light is created by the grating. The light is a kind of 
diffuse background that is distributed over the whole frame (brightest 
in the middle). It is subtracted using the tool “apscatter” which 
measures the flux between the orders.

• A fit is made in X and Y-direction using a tool that is very similar to 
fit1d.  



Extracting the spectra



Extracting the spectra is quick, because 
we have already identified were the 
orders are. If you want to fine-adjust 
it, set “find” and “recenter” to yes.

Now we have extracted spectra were 
each order is one line.



The wavelength 

calibration



• The wavelength calibration has several steps. 

• The first one is to extract the thar-spectrum with apall in the same 

way as the science frame (bias, flat and scattered light- correction 

also has to be done first the same way as for the science frames)



The second step is to identify the lines 

using ecidentify. A good fit has a 

scatter of 0.03 AA

In our case we have already done that!

So you can use ecreidentify for your 

comparison lamps and use the 

solution given in the calibration files 

(database/ecThAr)



Now assign the ThAr you obtained during the 
observing night to the science frame using 
refspectra, and do the wavelength-
calibration with dispcor.



Hbetha

to look at the reduced spectra: use splot; you can change orders using ")" and "("



Halpha

to look at the reduced spectra: use splot; you can change orders using ")" and "("



Measuring the RV using 

the cross-correlation 

function

(we want to use viper to do that, but this could also be done for comparison, if time allows)



The header has to be corrected



Use fxcor to calculate the RV 



Computing the instrumental shift

RV = Rvstar - RVtelu
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