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1 Introduction 
The BACHES echelle spectrograph is a research-grade tool for high-resolution investigations of stellar 

spectra. Unlike a conventional grating spectrograph, the entire spectrum from about 392nm to 

800nm can be detected with a single shot. However, the covered wavelength range depends on the 

sensor size, which should be a minimum of 14mm x 9mm for a (semi-) automatic calibration with 

MIDAS.  

The advantages of BACHES are obvious: no time-consuming search for a particular spectral range, no 

moving of the grating, high mechanical stability with torsion deformation below 9μm at 180° 

rotation, and constant focus over a wide temperature range. Short time-scale tasks, such as the rapid 

expansion of a nova or supernova shell, can be detected simultaneously in the spectral lines of 

different elements. 

Capturing a stellar spectrum with the BACHES echelle spectrograph is much easier as compared to a 

conventional grating spectrograph. Light coming from the RCU’s Thorium-Argon reference lamp and 

halogen flatfield lamp are easily introduced into BACHES via a fiber optic cable. BACHES is designed 

for fully remote control. 

You probably have experience with the calibration of stellar spectra obtained from a conventional 

grating spectrograph. Echelle spectra are calibrated in the same manner in single sections, called 

“orders”. The special feature of the presented MIDAS scripts is that a specified number of calibrated 

orders can be merged semi-automatically to a complete and fully calibrated spectral profile. This is 

achieved by simply marking two selected pairs of spectral lines.   

Carlos Guirao, one of the designers of the BACHES Echelle spectrograph and author of the BACHES-

MIDAS scripts, has written an informative video tutorial for calibration of BACHES echelle spectra. 

We recommend viewing this video first, and then entering the calibration process. 

http://www.baader-planetarium.de/baches/kalibrierung/BACHES Tutorial Carlos Guirao 
geschnitten/baches_midas_data_reduction.htm 
 

The following calibration steps are performed on solar spectra (daylight spectra) obtained simply "on 

the desktop" without a telescope. They serve to familiarize you with BACHES, its spectra and the 

calibration process. Right from the beginning, you should ensure that the spectra are recorded in a 

proper orientation with regard of the camera. Care has been taken to align the CCD camera exactly 

parallel to the spectral orders. This can be done with the aid of the flatfield spectrum of the halogen 

lamp. Otherwise, the MIDAS scripts cannot analyze the spectra. The ThAr spectrum can be used for 

precise focusing.  

The spectra used below were obtained with MaxIm DL1 software and saved as 16-bit monochrome 

Fits images. A dark frame (“Auto Dark”) was subtracted from each light frame. The flatfield images 

obtained with the RCU will be used during the calibration process. Note: These ASCII format BACHES 

scripts must be adapted to the observational requirements (more about this later on in this guide). 

Important: make a backup of these scripts before changing them. Fig. 20 provides information on the 

location of the scripts. Also, understanding the course of calibration is helped by having a printout of 

the scripts always at hand. 

                                                           
1
 www.cyanogen.com 

http://www.baader-planetarium.de/baches/kalibrierung/BACHES%20Tutorial%20Carlos%20Guirao%20geschnitten/baches_midas_data_reduction.htm
http://www.baader-planetarium.de/baches/kalibrierung/BACHES%20Tutorial%20Carlos%20Guirao%20geschnitten/baches_midas_data_reduction.htm
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2  How to Cature a BACHES Echelle Spectrum 

2.1 Capturing Daylight and Calibration Spectra 
Becoming acquainted with BACHES and capturing the first solar spectra should happen in daylight, 

but without using a telescope. Place all parts on a desktop (Fig. 1). Then connect the camera to 

BACHES, and the motor control cable and fiber optic cable to BACHES and RCU. Insertions of the 

reference light source are carried out manually at the RCU. Now connect the camera to your 

computer and open your favorite capturing software, like MaxIm DL. 

BACHES has been optimized for a sensor with a pixel  size of 9m square. Very well suited is a camera 

with the highly efficient KAF-1603ME sensor, as used in SBIG ST-1603ME or STT-1603ME2. 

 

 

                                                           
2
 https://www.sbig.com/products/cameras/st-compact/st-1603me/ 

Fig.  1: SBIG ST-1603ME CCD camera attached to BACHES, and Remote Calibration Unit RCU 

Fig.  2: Technical data and quantum efficiency of the KAF-1603ME 
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2.2 How to Align the Camera to the BACHES Echelle Spectrograph 
To achieve a precise calibration in MIDAS3, the CCD camera, in this example the SBIG ST-1603ME, 

must be aligned with BACHES in a specific way.  The "camera-bottom" with photo tripod mount must 

be pointing upwards, as shown in Fig. 1. All spectra should be calibrated with an (averaged) Dark 

Frame, using the "Auto Dark" option, for instance. In continuous operation mode at 1s intervals, the 

brighter lines will be easily visible. 

The fine alignment of the spectrum on the sensor is done in two steps: 

1. Rotate the camera by means of the BAADER T2 Quick Change System in the exact horizontal 

position. Using a cross-hair is advisable. The spectral orders are inclined to each other only 

very slightly (Fig. 3). 

 

2. The selected spectral section in accordance with Fig. 3 can be set using the adjusting screws 

on BACHES. With the ST-1603ME camera, up to 25 orders can be displayed and later detectd 

by MIDAS. To achieve this, you need to move the spectrum to exactly match the position 

shown in Fig. 3. You can find instructions for setting the spectrum in the BACHES Manual on 

page 24 (Fig. 4). Familiarize yourself with the marked spectral line group in the second and 

the third line from the bottom, which is later used for calibration. 

 

 

                                                           
3
 https://www.eso.org/sci/software/esomidas/ 

Fig.  3: 25 orders fit into the field of the KAF-1603ME sensor. The ThAr spectrum exposure was 60s. Top left: Ultraviolet, 
ca. 392nm.  Bottom right: Infrared, ca. 710nm 
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2.3 Spectrum focusing 
Careful focusing is mandatory for a high spectral resolution. If you are looking for the highest 

possible resolution at a selected spectral line, for example H you should focus on a ThAr line 

located nearby. On the other hand, a very high average resolution across the entire range is achieved 

by focusing on a line in the green spectral range, as chosen in Fig. 5. 

To focus the spectral line, the small window will be read out in continuous mode every second (Fig. 

6).  

Fig.  4: Vertical and lateral displacement of the spectrum 

Fig.  5: Focusing on a green spectral line of the ThAr spectrum ensures a high spectral resolution across the field  
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MaxIm DL enables a horizontal intensity scan across the spectral line while focusing. A sharp line 

yields the highest peak intensity. This will be accomplished, when the line is 3 pixels wide with a 9 

micron camera (Fig. 6, right).      

Focusing will be accomplished with an Allen key© (Fig.  7). 

 

 

 

 

 

 

 

 

Fig.  6: Maximum peak intensity of a spectral line at about FWHM = 3 pixel  

Fig.  7: Focusing the spectrum. 
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2.4 Taking Daylight and Calibration Spectra without a Telescope 
 

1. Place BACHES with attached camera on a solid table close to a window with a view of the 

daytime sky.  

2. Do not move the BACHES once positionede. 

3. Launch the camera software and cool down the sensor.  

4. Cover BACHES ports with black caps. 

5. Switch on the ThAr lamp.  

6. In continuous mode align the ThAr spectrum (Fig. 3). 

7. In continuous mode focus the ThAr spectrum (Fig. 6). 

8. Take an image of the ThAr spectrum with an exposure time below the saturation level of the 

spectral lines, except the very bright infrared lines, which are allowed to be saturated and 

blooming. ST-1603ME: Exposure time about 60s. Subtract an averaged dark frame or enable 

“Auto Dark” . 

9. Switch off the ThAr lamp. 

10. Switch on the halogen flatfield lamp.   

11. Take an image of the halogen flatfield spectrum with an exposure time well below the 

saturation level. Watch intensity in a vertical scan (Fig. 10). ST-1603ME: 150s, with dark 

frames.  

12. Switch off the halogen lamp. 

13. Remove the black cap from BACHES input. 

14. Take a daylight spectrum. Try different exposure times, depending on the sky brightness. 

Keep exposure time below the saturation level of the spectral lines, don’t forget the 

darkframes. 

15. Check if the spectrum is well focused from the UV to the IR.  

16. If not, return to item 7. 

17. Check all spectra again, and then copy these FITS images to the folder “Shared” for 

calibration with ESO-MIDAS.  

Exercise files for calibration with ESO-MIDAS. Darkframes have been subtracted.  

Camera: SBIG ST-1603ME 

 

ff150s.fit: Flatfield, 150s exposure. 

thar60s.fit: ThAr reference spectrum, 60s exposure. 

sun240s.fit: Daylight spectrum, 240s exposure. 

Slit width: 25m 
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2.5 Orientation of BACHES Echelle Spectrograph to the Telescope 
There is no compelling reason to set the echelle spectrograph in a particular orientation to the 

telescope. In case of a well polar aligned equatorial telescope mount, it is advisable, however, to 

align the slit with the Right Ascension or Declination axes. Because many mounts suffer from severe 

play in DEC, making it difficult to precisely track a star across the slit using the DEC controls, we 

suggest orienting the slit parallel to the DEC axis and using RA for guiding across the slit. The second 

reason to align the slit in this way is that BACHES could touch the pillar, when shooting at the zenith 

for example. Have a look at Figure 8: The CCD camera, in this example the SBIG ST-8300M, is 

oriented in a way that the tip of BACHES points toward the ground while the telescope points south. 

Note on the camera: The BACHES echelle spectrograph has been optimized for a CCD pixel size of 

9m, like that of the KAF-1603 sensor. The SBIG ST-8300M in this example oversamples with an 

actual 5.4m pixel size. In 2x2 binning mode, the 10.8m pixel size result in a somewhat lower 

spectral resolution, although fainter stars are within reach. Depending on the scientific application, 

one must choose a suitable camera binning. For the measurement of stellar flux only – the key figure 

is the Equivalent Width EW4 - a 2x2 camera binning with 10.8m pixel size is sufficient. For measuring 

Doppler shifts precisely, one may choose 1x1 binning, however, only for brighter stars.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
4
 The „Equivalent Width“ (EW) is a measure for the stellar flux of an absorption or emission line. 

Fig.  8: The body of the BACHES echelle spectrograph is attached to the C14 Edge HD in north/south 
direction. The lower edge of the ST-8300M faces to the telescope. 

Upper 

Edge 

Lower 

Edge 
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2.6 The Flatfield Spectrum of the Halogen Lamp 
The flatfield spectrum (ff150s.fit) recorded with the halogen lamp provides two features. First, it 

corrects for dust. Second, it is required for a semi-automatic wavelength calibration with MIDAS. 

MIDAS detects the position of the orders by the Flatfield spectrum and transfers the local 

information to the ThAr reference spectrum, and then to the object spectrum (Fig. 9, 10).    

 

 

 

 

 

 

 

 

 

UV 

IR 

IR UV 

Fig.  10: Flatfield spectrum obtained with the RCU halogen lamp, 150s exposure with a SBIG ST-1603ME. Vertical scan 
across the spectrum. The maximum intensity is well below the saturation limit of 65535 ADU. 25 orders are recorded, as 
well as a dust spot (circle). The blue arrow points to reflections within the spectrograph. 

Ab  Fig. 9: Contrast enhanced flatfield spectrum: The 25 orders must be aligned in the field of the KAF-1603-Sensor exactly in 
this this way to be detectd by MIDAS. 
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2.7 The Reference Spectrum of the ThAr Lamp 
The alignment of the spectra in a precisely defined way is important during the calibration process 

with MIDAS. Otherwise MIDAS is not able to detect all orders. This can be accomplished with the 

well-documented ThAr spectrum5, as demonstrated in this 60s exposure (thar60s.fit) obtained with 

the  ST-1603ME (Fig. 9). It should be aligned from top left (blue) to bottom right (red) in this way. 

Based on the characteristic bright lines in the red/infrared (below) it is easily possible to find the 

correct orientation of the CCD camera (Fig. 11).  

Sensors without an anti-blooming gate clearly show blooming of the bright lines in the near infrared. 

This can be avoided by shorter exposures, but with the loss of very faint ThAr lines and is not 

recommended. Test exposures with different exposure times showed that blooming of these two 

bright lines has no effect on the calibrated ThAr spectrum. However, if you notice some effect, please 

let us know and send us a sample spectrum.    

   

 

  

                                                           
5
 http://spectroscopy.files.wordpress.com/2010/05/an_atlas_of_the_thorium-argon-spectrum-3900-9000.pdf 

Fig.  11: : ThAr reference spectrum thar60s.fit, 60s exposed with a ST-1603ME. Spectrum from blue (upper left) to red 
(lower right). Blooming does not affect the calibration with ESO-MIDAS. 
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2.8 The Daylight Spectrum 
The Sun, our nearest star, is the ideal object to learn the techniques of spectrum acquisition and 

calibration to be used in stellar spectroscopy. The Sun has a multi-line spectrum corresponding to a 

spectral class G2 V.  The recording of the solar absorption spectrum can be done in the room without 

even using a telescope. Just point the spectrograph to a patch of the sky. It doesn’t matter if the sky 

is clear or raining: The Earth’s atmosphere scatters the sun light.  

Fig. 12 shows a daylight spectrum (sun240s.fit) where the atmospheric water vapor and oxygen lines 

(Telluric Lines) are superimposed around and below the H orderClearly visible are H, the Sodium 

doublet lines Na D1/D2, and the magnesium triplet. The typical G2 V spectrum starts in the UV upper 

left at the Ca II K line and ends up in the infrared at lower right at around 7100Å. The exposure time 

was chosen to limit the intensity in the green range of the spectrum to about 50,000 ADU to avoid 

saturation and to ensure a correct radiometric correction. Since all sensors are less sensitive in the 

UV, spectral lines may be weak in this spectral region. You should take this into consideration for the 

calculation of the total exposure of the spectrum which can be stacked from several partial 

exposures with different exposure times. 

 

Fig. 12: Daylight spectrum (sun240s.fit), 240s exposed with a ST-1603ME CCD camera. Spectrum from blue (upper left) 
to red (lower right). The spectrum ranges from ca. 3925Å to ca. 7084Å; the important Ca II lines K and H are well 
recorded.  
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3 The LINUX Operating System in a Microsoft© Windows VirtualBox 
The calibration of echelle spectra can be accomplished with the LINUX6 based software ESO-MIDAS.  

Windows users are requested to install a VirtualBox, which runs on a Windows platform in a separate 

window. Data can be “shared” between the two systems by creating a common folder Shared   

Start VirtualBox for Windows. If a login is requested, please enter:  

 

User: user 

Password: 1235813 

 

 

 

 

 

  

                                                           
6
 http://ubuntuusers.de/ 

Fig.  13: Installation of a VirtualBox on Windows computers.  
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3.1 Sharing Files between LINUX and Microsoft© Windows 
Exchange of files between both systems is accomplished by the common folder Shared. 

It is mandatory to name this exchange folder exactly as “Shared“.  

 

Windows: Create a folder Shared. Copy the unzipped folder 

sun1603 to this folder. The folder sun1603 contains the files 

sun240s.fit (Daylight = solar spectrum, taken with the CCD 

Camera SBIG ST-1603ME, thar60s.fit (spectrum of the ThAr 

reference lamp), and ff150s.fit (spectrum of the halogen 

flatfield lamp). All three spectra were recorded in quick succession to minimize possible shifts in 

between. 

Note: Some of the following LINUX screen shots are still in German, we apologize. They will be 

replaced with the corresponding English figures in the next english revision of this tutorial. 

In LINUX, now create a path to the directory Shared:  

“Gerate“ -> “Gemeinsame Ordner“ (common folder): “Shared“ 

 

 

 

 

 

 

 

 

 

Nun öffnet man “Persönlicher Ordner” und das Verzeichnis „sf_Shared“. Das  

 

 

 

 

 

 

 

 

Fig.  14: Creating a path for the common folder “Shared“.   
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In LINUX: Open “Persoenlicher Ordner“ -> “sf_Shared“. The directory sun1603 is included.  

You can perform all operations in the Shared folder. Otherwise create the temporary folder TMP 

which can be used as working folder:  

1. Copying the folder sun1603: “Copy“  

2. Pasting to folder TMP: “Paste“ 

 

 

 

 

 

 

 

 

 

Fig.  16: The folder "sun1603" contains the daylight spectrum and two calibration files. 

Fig.  15: Where the common folder "sf_shared" is located. 
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3.2 Verifying the Spectra 
The folder /TMP/sun1603 contains all spectra. Double-click on thar60s.fit will show the ThAr 

reference spectrum.  

 

 

Compare this with the view in Fig. 11. You will notice that the spectrum in Fig. 17 is vertically 

mirrored. And that’s absolutely correct. Only in this orientation is MIDAS able to detect the echelle 

orders and spectral lines! Look at your spectrum: if the orientation of your ThAr spectrum is 

different, the spectrum has to be mirrored until it looks exactly this way.   

The orientation of the spectra should be verified and changed if necessary in the right manner before 

copying to the folder Shared. If you forgot, you can do this later in MIDAS with the following 

command line. Omitting the “y“ in the command line shown below yields in a horizontal mirroring 

(flip) only.   

Midas > flip/image <spektrum.fit> y 

Fig.  17: The spectrum thar.fit appears mirrored vertically. This representation in SAOimage is absolutely correct! 
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4 Munich Image Data Analysis System (MIDAS) 

4.1 Launching MIDAS 
 

“Menu“  “BACHES“  “MIDAS“  

 

 

 

 

 

 

 

 

Fig.  18: LINUX Desktop: Launch of MIDAS 
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MIDAS starts in the terminal window (Fig. 19). MIDAS is a command line interpreter, and within the 

terminal window does not support the use of a mouse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The MIDAS commands are entered behind the prompt  Midas 001>.  

4.2 How to find the Folder “sun1603“ with the Spectra 
 

Midas > ch 

 Changes to the folder: /home/user 

Midas > ch TMP 

 Changes to the subfolder TMP: /home/user/TMP 

Midas > $ls 

 Creates a directory of the folder TMP -> sun1603 

 

Fig.  19: This is the MIDAS terminal, where all commands must be manually entered and the results appear. It will not be 
saved automatically. Copy & Paste the contents frequently to a textfile for later inspection of the results. 
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Midas > ch sun1603 

 Changes to the folder: /home/user/TMP/sun1603 

Midas > $ls 

 Creates a directory of the folder sun1603: ff150s.fit, sun240s.fit, thar60s.fit 

 

 

 

 

 

 

 

 

4.3 Loading the BACHES Scripts for Calibration 
 

Midas > set/cont baches 

Loads the BACHES Scripts (<name>.prg).  

 

 

 

 

 

 

 

Important note:  These scripts can be edited by the user. A few commands must be customized in 

regard of the camera or sensor used. Please save a security backup prior to changing the scripts. Fig. 

20 reveals the path to the location of the scripts. Helpful in understanding the course of the 

calibration is to have a print-out always at hand. To edit the scripts, administrator rights are required. 
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4.4 Editing the BACHES Scripts 
BACHES scripts are located in the folder proc, the path is Dateisystem   usr  local  midas  

13SEPpl1.2  contrib  baches. 

It is useful to copy the path to the folder proc in the left column below Lesezeichen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  20: Location of the BACHES scripts. The scripts can be edited. Safety rule: Don’t forget to save a copy of 
the original file prior to editing. German file names will be changed to English in the next revision. 

Fig. 21: These are the scripts which will be used by MIDAS to calibrate the BACHES spectra. 
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4.5 Customizing the Script “baches_calib.prg“ for the CCD Camera 
1. Select “baches_calib.prg“ 

2.  “Offne als Administrator“ 

3. Enter the Password: 1235813 

 

Important note: Save a copy of the original script under a different name prior to editing. 

This is the editor window (Fig. 23), where scripts can be changed and commented. 

 

 

 

 

 

 

 

 

Fig. 22: You need administrator rights to edit and save a BACHES script. The Password is: 1235813 

Fig. 23: Editing the script ”baches_calib.prg” 
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4.5.1 Edit “threshold“ (Line 84) 

With BACHES, so far we have experience with only two typical sensors used in astrophotography. For 

every sensor the correct “threshold“ must be set. The threshold affects the detection of reference 

lines in the ThAr reference spectrum. If too few reference lines are used in the calibration process 

(less than 50% of all lines detected), the threshold value must be lowered. If more than 60% are 

used, nothing must be changed.  

Edit line 84 as following:  

For ST-1603ME (KAF-1603ME) use: DEFINE/LOCA threshold/i/1/1    10 

For ST-8300M (KAF-8300) use: DEFINE/LOCA threshold/i/1/1    2  

If you encounter problems in calibration, you may change these and/or other parameters and start 

again. Frequently use comment lines, beginning with an "!", which keep record of your edited 

program lines.  

Do not forget to save backup copies before editing!  

 

 

Fig.  24: The BACHES scripts are well commented by the author of the source code, Carlos Guirao. Thanks! 
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4.5.2 WRITE/OUT “threshold“ (Line 115) 

Remove the exclamation mark "!" in front of line 115, so that the preset threshold value, that is 

required to detect the lines in the ThAr spectrum, is displayed with all other parameters. 

WRITE/OUT "Threshold = {threshold}" 

Remember to save the script after each change you make.  

 

 

 

 

 

 

 

 

 

Fig.  25: The “Threshold“ value should be included in the records. 
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4.5.3 Definition of the Spectrum Scan Area with the Cursor (Line 194) 

This item deserves special consideration. MIDAS scans the flatfield spectrum and attempts to detect 

the successive orders. Depending on the size of the camera sensor, MIDAS sometimes detects too 

few orders or feels “disturbed” by overlapping higher UV orders while scanning the infrared region of 

the spectrum. To avoid this, you can manually force MIDAS to scan only a defined area for the 

detection of orders. You can pre-define this area, but it must be identical in every spectrum. For 

example: SCAN/ECHE {frame} 1, 1000. 

In any case, you must activate the command SCAN / ECHE {frame} in line 190 first. As you may adjust 

the position of the spectrum more often, you should instead rely on the ability to define the scan 

area manually by using the cursor. This is done by deleting the exclamation point "!" in line 194.  

SCAN/ECHE {frame} cursor  

 

 

 

 

 

Fig.  26: Definition of the spectrum scan area in the flatfield by using the cursor manually. 
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4.6 Detection of the Spectral Orders and Wavelength calibration of the 

ThAr Spectrum 
Now let’s start the calibration process. First, the Flatfield spectrum (ff150s.fit) is loaded. The 

intention is to identify a specified number of orders, and align each order horizontally. Without 

flatfield, a reliable detection of orders with MIDAS is impossible. Thereafter, the reference 

spectrum (thar60s.fit) will be scanned for wavelength calibration. MIDAS will try to detect 25 orders.  

Midas > calib/baches ff150s.fit thar60s.fit 25  

 

 

 

 

 

 

 

 

 

Advice: If in your own spectra the detection of 24 or more orders fails, gradually reduce the number 

of orders down to 20. This may happen for some reason. For example, please follow the instructions 

for proper alignment of the spectrum on the sensor.  

Further guidance on the detection of up to 30 orders for cameras with large sensors can be found in 

the README file of Carlos Guirao: ”baches_midas_data_reduction.README“.  

Here an excerpt: 

 

 

 

Bestätigen mit „y“ werden im Flatfield die geforderten 24 Ordnungen im Flatfield erkannt. 

 

After confirmation with “y“ MIDAS scans the flatfield spectrum ff150s.fit (Fig. 28) and provides a 

vertical intensity scan next to it (Fig. 29) across all 25 orders. More than 25 orders do not fit on the 

KAF-1603ME sensor! 

 

 

Fig. 27: A fourth order polynomial is fitted to the data points (x-position on 
sensor vs. wavelength) by least-squares fit. 
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The following figures reveal the distribution of the detected 25 orders:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 28: Scan of the Flatfield spectrum ff150s.fit. Bottom: Ultraviolet UV, top: Infrared IR 

UV 

 

IR 

Fig. 29: Vertical scan through 25 orders. 

IR: 25. line UV: 1. line  
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Now place the first cross to the left of the first fully visible order (Fig. 30). This defines the lower edge 

of the scanning area in the UV. Then place the second cross right at the end of the order in the IR.  

Advice: You must always click within the sensor field; otherwise it returns an error message.  

 

 

 

 

 

 

 

 

 

 

 

 

Then MIDAS scans the defined area of the image and tries to detect the required 25 orders (Fig. 31).  

Fig. 31: Successful detection of 25 orders obtained with the ST-1603ME camera. 

Fig. 30: The first cross must be 
set just left of the first 
completely detected order in 
the UV. The second cross at 
right limits the last order in the 
IR. Note: Never click outside the 
sensor field, which causes an 
error message.  
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If the green lines slant on individual orders or between them, the detection is incorrect. Try again by 

either starting the detection with fewer than 25 orders, or redefining the scanning area. Here a little 

instinct is required. If you always acquire spectra in the same way, you can define the scan area by 

specifying the vertical positions of the upper and lower edge in the script.  

By means of the detectd orders from the flatfield spectrum, the ThAr reference spectrum will be 

scanned. 25 orders will be processed. 

 

 

 

 

 

 

 

 

 

 

 

Proceed with the wavelength calibration by typing “y“. 

Overall 1,946 spectral lines with Gaussian intensity profile are detected within a search window of 10 

pixels (Fig. 32). More lines yield higher accuracy in the wavelength calibration. 
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Next, the assignment of the detected spectral lines with known reference lines in the ThAr spectrum 

is performed. Each of the 25 orders corresponds to a narrow spectral interval. The lower and upper 

limit will be listed in the terminal window.  

After confirming with “y“, two windows open up: The window thar_ref.bdf (Fig. 33) contains 

predefined reference lines that need to be detectd and assigned in the acquired ThAr spectrum. 

Two different spectral lines must be identified twice in adjacent, overlapping orders:  

Two spectral lines, four mouse clicks (Fig. 34): 

 

6662.268Å in order 33 (First click above left, second click above right) 

4609.600Å in order 48 (Third click bottom left, fourth click bottom right) 

Note: If the sensor is too small (smaller than the KAF-1603), it is possible that a line occurs only once. 

Then try other wavelength pairs according to the ThAr spectral atlas. 

 

 

Fig. 32: Seq. no. 1 is the bottom line in above 
image, seq. no. 25 is the top line  
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Direct your attention to these two wavelength pairs (pair 1, 2) and (pair 3, 4). These must be 

identified and confirmed in your own spectrum by mouse clicks (Fig. 34, Fig. 35). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 33: thar_ref.bdf. Two pairs of the same wavelength must be clicked twice each. 

Fig. 34: Successively the lines #1 to #4 are clicked. 
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Details of Fig. 34. The coordinates of the four clicked lines are recorded in the terminal window. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

Step 1: Set the cursor on left spectral line 
6662.268Å, then press the left mouse button. 
 

Step 4: Set the cursor on the right spectral line 
4609.600Å, then press the left mouse button. 
 

Step 3: Set the cursor on the left spectral line 
4609.600Å, then press the left mouse button. 

Step 5: A click on the right mouse button ends this input. The following window appears (Fig. 35): 

Step 1: Set the cursor on right spectral line 
6662.268Å, then press the left mouse button. 
. 

Fig. 35: MIDAS confirms the clicks after step 5. 
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Meanwhile, the (x,y)-center coordinates of the four identifications have been recorded in the 

terminal window: 

 

 

 

 

 

 

With these settings, about 1,946 spectral lines of the orders #32 - #56 will now be identified and 

automatically assigned in an iterative process (Fig. 36). 

Step 6: Next the corresponding wavelengths and absolute orders are entered: 

Enter absolute order number of first pointed line (square mark:  33 

Sequence no. 0001, Order no. 0033. Enter wavelength:  6662.268 

Sequence no. 0003, Order no. 0048. Enter wavelength:  4609.6 
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Fig. 36: About 1,946 lines are detected. For accurate calibration, MIDAS must use as much lines as  
possible. At least 50%, in optimal circumstances 80%. 
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In total, MIDAS used 1,171 of 1,946 lines for calibration, corresponding to a good ratio of 61%. For 

every order from #32 (line 1) to #56 (line 25) the wavelength interval is calculated. The residual RMS 

error for the calibration from 3923Å to 7086Å is 0.01495Å, a nearly perfect result. 

 

You can now choose to delete or retain temporary files: 

 

Enter “y“. 

 

 

 

Now you can calculate the spectral resolution R in different orders, and the average spectral 

resolution R of the ThAr reference spectrum (Fig. 38). 

 

The average spectral resolution obtained is R=21,955 +/- 1,867, a very high value. The wavelength 

calibration of the ThAr spectrum is complete. 

Fig. 37: Residual errors of the wavelength calibration. 
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Fig. 38: The average spectral resolution R (File: thar60s_wrmR.fit). 
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4.7 Plotting the calibrated Thorium-Argon Spectrum 
 

Midas > crea/grap  

Midas > plot/axes 3900,7100 0,65535 0 "Wavelength" "rel. Intensity" 

Midas > overplot thar60s_wrm.fit 

 

 

 

 

 

 

  

Fig.  39: The calibrated ThAr spectrum (file: thar60s_wrm.fit)  
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4.8 Calibration of Stellar Spectra 
The next step is the calibration of the solar spectrum sun240s.fit by means of the calibrated ThAr 

spectrum. The calibration result of the ThAr reference lamp is now transfered to the solar spectrum. 

Required is the fact that in the period between the acquisition of the reference spectrum and the 

solar spectrum, no shifts larger than 9m between both spectra occur. The BACHES echelle 

spectrograph was designed for optimum thermal stability and superior mechanical rigidity. If you 

encounter any drift between spectra, first please check the connection to the camera. In any case, 

the user is encouraged to take ThAr reference spectra frequently during the night session. This gives 

you an idea of very small drifts, which cannot be ruled out for long observing periods.  

4.8.1 Creation of a Masterflat 

Calibration with a darkframe (or a masterdark) can be performed with the camera image recording 

software. In the present image sun240s.fit, a darkframe has already been subtracted. The calibration 

with the flatfield  ff150s.fit in MIDAS is now described. This flat corrects for dust settled on the 

optical elements in the light path or on the camera’s sensor.  

First, a file called master_flat.bdf must be deduced from the flatfield ff150s.fit. This can be 

accomplished with the following MIDAS command:   

Midas > indisk/fits ff150s.fit master_flat.bdf 

Note: The masterflat must be named exactly in this way, because it is retrieved later by the script  

baches_pipeline.prg under this name!  

 

 

 

During the calibration process quite a few temporary files have been generated within the folder 

sun1603. You may list them for further inspection. Later, at the end of the calibration process, they 

can be deleted. 

Midas > $ls 
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4.8.2 Calibration of the Stellar Spectrum with the Masterflat 
 

Midas > pipeline/baches sun240s.fit 

The pipeline script converts the file into the MIDAS format “.bdf“ and automatically performs the 

flatfield correction, indicated by a ”p“ using the file master_flat.bdf.  Then the wavelength 

calibration follows, indicated by a “w“. All detected orders are rebinned “r“ to the same scale and 

merged “m“ to a spectral profile. 

The file sun240s_pwrm.fit is the resulting spectral profile after performing the following commands: 

p:  flatfield calibration 

w:  wavelength calibration 

r:  rebinning to the same scale 

m:  merging all detected orders 

 

 

 

 

 

 

 

 

 

 

 

 

Plotting the spectral profile: 

Midas > crea/grap  

Midas > plot/axes 3900,7100 0,5 0 "Wavelength" "Relative Intensity" 

Midas > overplot/row sun240s_pwrm.fit 
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Fig. 40: Wavelength calibrated profile of the solar spectrum sun240s_pwrm.fit after flatfielding with the  
masterflat. Spectral range from about 3923Å to 7086Å.  

 

The following conclusions can be drawn from the spectral profile: 

1. The spectrum does not show the true intensity. A calibrated reference spectrum of a star of 

the same spectral type can be used to reveal the true intensity distribution of the continuum 

across the spectrum. Outside of MIDAS, this can be performed with third party software like  

VisualSpec7 or ISIS8. Doing so is beyond the scope of this investigation. 

2. The 25 merged orders are still detectable as small ”arches“. Flatfielding with a halogen lamp 

does not fully remove them. 

  

                                                           
7
 http://www.astrosurf.com/vdesnoux/ 

8
 http://www.astrosurf.com/buil/isis/isis_en.htm 
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4.8.3 Normalization of the Stellar Spectrum 

At this point, note that you can do the normalization of a stellar spectrum and all subsequent analysis 

with third party software. Examples are velocity measurements of Doppler shifted lines, and flux 

measurements characterized by Equivalent Width (EW) and FWHM. The spectral profile is available 

in standard FITS format and can be processed by different spectroscopy software. Apart from ESO-

MIDAS we strongly recommend the free Windows software VisualSpec. 

For the sake of completeness, the normalization of a stellar spectrum will be demonstrated with 

MIDAS.    

What is meant by the term “normalization“? For a couple of investigations of a stellar spectrum, a 

relative measurement to a normalized continuum level, usually set at “1“, is sufficient9. Only for the 

purpose of measuring the absolute flux, for example the determination of the intensity maximum of 

an adapted Planck radiation curve, is absolute calibration with the help of a reference star necessary.   

For normalization, the “pseudo-continuum“ is extracted from the spectral profile (Fig. 40) of the star, 

then smoothed, and subsequently used as a divisor for the target spectrum. The pseudo-continuum 

is influenced by various factors such as the quantum efficiency of the camera sensor, and the 

selective absorption of the Earth’s atmosphere. The division result is an instrumental function called 

“Response”.    

First, add a couple of additional echelle commands to the content: 

Midas > set/cont echelle 

Calculation of the response function response.bdf: 

Midas > normalize/spec sun240s_pwrm.fit response.bdf 

Now please have a look at Fig. 41: By pressing the left mouse button along the continuum you add 

interpolation points (crosses). Their respective coordinates are listed in the terminal window below. 

The more interpolation point you create, the better the calculation of the response function. Finalize 

the procedure by clicking the right mouse button while the cursor is on the image.  

These are the first of a preferably large number of interpolation points required for a precisely fitted 

polynomial: 

 

                                                           
9
 http://www.ursusmajor.ch/downloads/analysis-and-interpretation-of-astronomical-sp.pdf (p. 21ff) 
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Now the instrumental function response.bdf is plotted:  

Midas > plot/axes 3900,7100 0,5 0 "Wavelength" "Relative Intensity" 

Midas > overplot response.bdf 

 

 

 

 

 

 

 

 

 

  

In the next step, 

Fig. 41: Add interpolation points (crosses) by clicking the left mouse button along the continuum. Finalize by clicking  the 
right mouse button while the cursor is on the image. The instrumental function response.bdf is now calculated and 
displayed. Note: the procedure is quite precise if the working window is scaled up to 1200 px by 800px or larger by the 
following command: Midas > crea/gra 1200,800,0,0 

Fig. 42: The instrumental function response.bdf 
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the star’s spectrum is divided by the instrumental function. The letter “n“ indicates the 

normalization, and must be added manually by the following input: 

Midas > compute/image sun240s_npwrm.bdf = sun240s_pwrm.fit/response.bdf 

Midas > plot/axes 3900,7100 0,1.5 0 "Wavelength" "Relative Intensity" 

Midas > overplot sun240s_npwrm.bdf  

 

 

The resulting file sun240s_npwrm.bdf needs to be converted to a FITS format file, to make it 

available for different software. 

Midas > outdisk/fits sun240s_npwrm.bdf sun240s_npwrm.fit 

 

  

Fig. 43: The normalized profile sun240s_npwrm.bdf. Since only a few interpolation points had been set, the continuum is 
not perfectly normalized to a relative intensity value of “1”. That needs to be done more precisely.    
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4.8.4 Plotting the entire Spectrum 

For scientific investigation, the normalization process has to be performed much more accurately. 

Usually the profile needs to be normalized only in a defined, narrow wavelength range around the 

target wavelength of interest, for example around H.  

For the creation of a synthetic black-and-white or color spectrum we recommend the software 

VisualSpec. 

Fig. 44 shows the normalized spectrum sun240s_npwrm.fit 

In the following, the normalized daylight spectrum sun240s_npwrm.fit is examined in detail for the 

achieved calibration accuracy. 

 

 

 

 

 

Fig. 44: Normalized spectral profile and synthesized color spectrum sun240s_npwrm.fit (ref: Fig. 40), created with 
VisualSpec Software.  
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4.8.5 Calcium Lines Ca II  K (3933.66Å) and H (3968.47Å) in the UV 

 

 

 

 

 

 

 

 

Note: The wings and cores of 

the Ca II lines deviate 

substancially from a fitted 

Gaussian profile. For 

measuring the line center, 

only a small range was used.   

 

Fig. 45: The Calcium lines  K & H in the solar spectrum. The profile is limited to ca. 3923Å in the UV due to the size of 
the sensor KAF-1603. A wider but less sensitive sensor like the KAF-8300 extends to ca. 3900Å. 

Fig.  46: Measured line centers 
and difference to observed  
wavelength (NIST Database).

=3933.771Å-3933.66Å=0.11Å 

=3968.560Å-3968.47Å=0.09Å 

 

K H 
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4.8.6 Magnesium Triplet (5167.33Å / 5172.68Å / 5183.61Å) 

 

 

 

 

 

 

 

 

 

 

Fig. 47: Magnesium Triplet 5167.33Å, 5172.68Å, 5183.61Å 

Fig. 48: Measured line centers and 
difference to observed  wavelength 
(NIST Database):  

=5167.370Å-5167.33Å= +0.04Å 

=5172.68Å-5172.682Å=-0.02Å 

=5183.64Å-5183.61Å=+0.03Å 
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4.8.7 Sodium Doublet (D2: 5889.950Å / D1: 5895.924Å) 

 

 

 

 

 

  

Abb.  50: Measured line centers 
and difference to observed  
wavelength (NIST Database). 

 

D2: =-0.01Å 

D1: =-0.009Å 

Fig.  49: The Sodium D lines D2: 5889.950Å and D1: 5895.924Å 

D2 D1 
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4.8.8 H Line (6562.852Å) 

 

 

 

 

 

 

 

  

Fig. 51: HLine with telluric lines close-by. 

Abb.  52: Measured line center: 

H6562.854Å.  

=+0.002Å 
FWHM: 1.8781Å 

H 
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4.8.9 Fraunhofer B:  O2 Absorption in the Earth’s Atmosphere 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 53: Fraunhofer B. O2 absorption in the Earth’s atmosphere. MIDAS plot with synthezised color spectrum, 
created with VisualSpec software. Composite image in Photoshop. 
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4.9 Rebinning  
With the command rebin the original spectrum profile is resampled. While this does not increase the 

actual resolution, it can improve the visual appearance of the spectrum.   

Example: Spectrum profile sun240s_npwrm.fit rebined to 0.01Å/px. The letter “r” has to be added 

manually to the file name. 

Midas > rebin/linear sun240s_npwrm.fit sun240s_rnprwrm.fit 0.01 

Midas > plot/axes 6555,6570 0.3,1 0 "Wavelength" "Relative Intensity" 

 

 

 

 

 

 

 

Fig. 54: Hline in the rebinned daylight spectrum sun240s_rnpwrm.fit ( 0.01Å/px). 
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4.10 Signal-to-Noise Ratio 
„In a normalized spectrum, noise is simply the standard deviation of the star signal. The ratio of the 

continuum intensity and the standard deviation is the signal-to-noise ratio S/N10“.  

Calculating the S/N of the normalized spectrum sun240s_rnpwrm.fit at 6500Å: 

Midas > statis/imag sun240s_rnpwrm.fit [6500:6510] 

Midas > comp 0.9602605 / 0.01601359 

 

The signal is 0.9602605 (not exactly 1, since only roughly normalized), the standard deviation 

0.01601359. Thus, the signal-to-noise ratio is S/N = 59.96535 ≈ 60 

4.11 Exporting Spectral Profiles & Reading  Tables 

4.11.1 Exporting to FITS Format 

Profiles in MIDAS‘  internal format BDF must be saved in FITS format to be processed in third-party 

spectroscopy software 

Midas > outdisk/fits <file.bdf> <file.fits> 

4.11.2 Exporting to Postscript Format 

A graph window can be saved as Postscript file using the command 

Midas > copy/graph postscript 

The command must be typed exactly in this way. The saved file postscript.ps must be renamed 

afterwards.  

4.11.3 Reading Tables 

It is advisable to study the tables, which have been created by MIDAS during the calibration process.   

Midas > read/table <file.tbl> 

                                                           
10

 Günther Gebhard, “Erste Schritte in ESO-MIDAS“, February 14, 2013 at www.spektros.de (in German only) 
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5 Calibration of a Daylight Spectrum of the ST-8300M CCD Camera 
Please, first perform the calibration using the exercise files taken with the ST-1603ME camera, 

because the whole procedure was described in full detail. Thereafter you will be guided through the 

calibration of the ST-8300M spectra, where only the differences from the 1603 procedures will be 

explained in full detail. 

5.1 ST-8300M Technical Data 
Note on the camera: The BACHES echelle 

spectrograph has been optimized for a CCD pixel size 

of 9m. The SBIG ST-8300M in this example 

oversamples with its actual 5.4m pixel size. In 2x2 

binning mode, the effective 10.8m pixel size result in 

a somewhat lower spectral resolution, although 

fainter stars are within reach. Depending on the 

scientific application, one must choose the suitable 

camera binning. For the measurement of stellar flux 

only – the key figure is the Equivalent Width EW11 - a 

2x2 camera binning with 10.8m pixel size is pretty 

sufficient. For measuring Doppler shifts precisely, one 

may choose 1x1 binning, but only for brighter stars as 

compared to 2x2 binning. The successor to the SBIG 

ST-8300M, with the same sensor, is the SBIG STF-

8300M12 

 

 

 

 

  

                                                           
11

 The „Equivalent Width“ (EW) is a measure for the stellar flux of an absorption or emission line. 
12 http://www.sbig.de/stf-8300/stf-8300.htm 

Fig. 55: The body of the BACHES echelle spectrograph is 
attached to the C14 Edge HD in north/south direction. The 
lower edge of the ST-8300M faces the telescope. 

Fig. 56: Technical Data and quantum efficiency of the ST-
8300M. Successor with the same sensor is the STF-8300M. 

Upper     

Edge 

Lower 

Edge 
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5.2 Daylight and Calibration Spectra of the ST-8300M CCD Camera 
The main difference between the two cameras ST-1603ME and ST-8300M is the different quantum 

efficiency (QE) of the sensors. The lower QE of the KAF-8300M demands a significantly longer 

exposure time to obtain the same signal-to-noise ratio. This can be achieved by averaging a couple of 

individual exposures, each exposed to about 50,000ADU, well below the saturation limit of 

65,535ADU of a 16-bit camera. The advantage of the KAF-8300M sensor is the larger size to cover 

more spectral orders.   

The following spectra have been recorded with the ST-8300M camera in 2x2 binning mode. The 

effective pixel size is 10.8m. BACHES slit width: 25m. 

The ZIP-file sun8300M.zip contains the folder sun8300M with the following files: 

ff20sav.fit: flatfield spectrum taken with the RCU halogen lamp. The file is an average of 50 individual 

exposures, each exposed for 20s.  

thar80sav.fit: Thorium-Argon reference spectrum of the RCU ThAr lamp. The file is an average of 10 

individual exposures, each exposed for 80s.  

sun360s.fit: daylight spectrum, 360s exposed. 

WINDOWS: First, please copy the unzipped folder sun8300M to the 

folder Shared.  

 

 

 

 

LINUX: Copy the folder to the temporary folder TMP. The folder 

sun8300M contains the files ff20sav.fit, thar80s.sav.fit, and 

sun360s.fit 

 

 

 

The working directory:  

MIDAS > ch TMP/sun8300M 

Listing the contents: 

MIDAS > $ls  
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5.2.1 The Flatfield  Spectrum of the Halogen lamp 

The flatfield spectrum (ff20sav.fit) recorded with the halogen lamp provides two features: first, it 

corrects for dust; second, it is imperative for a semi-automatic wavelength calibration with MIDAS. 

MIDAS detects the position of the orders by the flatfield spectrum, transfers the local information to 

the ThAr reference, and then to the object spectrum (Fig. 57).    

 

 

 

 

 

 

 

 

 

 

5.2.2 The Reference Spectrum of the ThAr Lamp 

Due to its larger size, the KAF-8300M sensor catches significantly more orders than the KAF-1603ME, 

but at the cost of a lower signal-to-noise ratio. In the UV (Fig. 58, top) the limit is almost the same, 

but you have to increase the SNR by averaging a couple of images. Since higher orders overlap in the 

Infrared (IR), MIDAS is not able to process detected orders in that region. (By the way, you can utilize 

these IR orders by scanning and calibrating them individually with, for example, VisualSpec software. 

But let us now continue with the calibration process in MIDAS.)  

 

 

 

 

 

 

 

 

 

IR 

UV 

UV 

IR UV 

IR 

Fig. 57: Flatfield spectrum obtained with the RCU Halogen lamp. Average of 50x20s with a ST-8300M. Right: Vertikal scan 
across the spectrum in the center. The maximum intensity is well below the saturation limit of 65,535ADU. 30 Orders are 
recorded, as well as a dust spot (circle). The blue arrow point to reflections within the spectrograph. 27 of totally 30 orders 
can be detectd by MIDAS. That is a great result! 

IR 

UV 

Fig. 58: ThAr spectrum, average of 10x80s (ST-8300M). The 
overlapping orders in the IR (red arrow)  limit the semi-
automatic detection of orders by MIDAS. But it works well 
between ca. 3900Å and 7600Å with this sensor. 
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5.2.3 The Daylight Spectrum  

The recording of the solar spectrum can be done in the room without even using a telescope. Just 

point the spectrograph to a patch of the sky. It doesn’t matter if the sky is clear or raining: The 

Earth’s atmosphere scatters the sunlight.  

Fig. 59 shows a daylight spectrum (sun360s.fit), where the atmospheric water vapor and oxygen lines 

are superimposed around and below the H orderClearly visible are H, the Sodium doublet lines 

Na D1/D2, and the magnesium triplet. The typical G2 V spectrum starts in the UV (upper left) well 

ahead of the Ca II K line at ca. 3900Å, and it ends up in the infrared (lower right) around 7600Å. The 

exposure time was chosen to limit the intensity in the green range of the spectrum to about 50,000 

ADU to avoid saturation and to ensure a correct radiometric correction. Since all sensors are less 

sensitive in the UV, spectral lines may be weak in this spectral region. You should take this into 

consideration of the total exposure of the spectrum which can be stacked from several partial 

exposures with different exposure times. 

5.2.4 Edit “threshold“ (Line 84) 

 Fig. 59 : Daylight spectrum sun360s.fit, 360s exposed with a ST-8300M CCD camera. Spectral class G2V. Spectrum from 
blue (upper left) to red (lower right). The important Ca II lines K and H are well recorded. The spectrum ranges from ca.  
3900Å to ca. 7600Å. 
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The threshold value affects the detection of reference lines in the ThAr reference spectrum. If too 

few reference lines are used in the calibration process (less than 50% of all lines detected), the 

threshold value must be lowered. If more than 60% are used, nothing must be changed.  

Edit line 84 as following:  

For ST-8300M (KAF-8300) use: DEFINE/LOCA threshold/i/1/1    2  

We refer to section 4.5.1 for further information on how to access the threshold value in a LINUX 

operating system. If threshold = 2 does not work properly, please try another value. 

5.2.5 Detection of the Spectral Orders and Wavelength Calibration of the ThAr Spectrum 

Now let’s start the calibration process. First, the flatfield spectrum (ff20sav.fit) is loaded. The 

intention is to identify a specified number of orders, and align each order horizontally. Without 

flatfield, a reliable detection of orders is impossible. Thereafter, the reference spectrum 

(thar80sav.fit) will be scanned for wavelength calibration.  

In this example, MIDAS willl try to detect 27 orders.  

Midas > calib/baches ff20sav.fit thar80sav.fit 27  

 

 

 

 

 

 

 

 

Confirm with “y“.  

MIDAS presents an intensity scan of the flatfield spectrum (Fig. 60). Set the left and the right limits 

(+).  If not all of the requested 27 orders are detected, terminate the process and set new left and 

right limits. The calculated green lines must lie exactly on the detected Flatfield orders (Fig. 61).  
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Fig. 61: Successful detection of 27 orders. If  MIDAS detects less orders  or plots  slanted lines, try again.  

   IR: 27. Line 
UV: 1. Line  

Fig. 60: The first cross must be set just to the left of the first completely detected order in the UV. The second cross at right 
limits the last order in the IR. Note: Never click outside the sensor field, which causes an error message. Green circle: 
Overlapping orders  cannot be properly detected by MIDAS. You may scan them manually with VisualSpec or other software. 
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Successful detection of 27 orders:  

All orders are listed with reliable numbers. Calibration will surely work. 

 

Confirm with “y“. 
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The semi-automatic calibration is carried out by assigning two pairs of spectral lines according to Fig. 

62 and following. 

 

 

 

 

 

 

 

 

 

 

 

Now, successively click at the following lines:  

6662.268Å in order 33 (1. click top left, 2. click top right) 

4609.600Å in order 48 (3. click bottom left, 4. click bottom right) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 62: In total 2,211 ThAr spectral lines have been detected within 27 orders. 

Fig. 63: MIDAS confirms the four clicks with this image. 
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The KAF-8300M is larger than necessary for a complete spectral calibration from the UV to the IR 

without wavelength gaps. So, an even larger sensor does not make sense. All by MIDAS identified 

spectral lines from the ThAr atlas are marked in Fig. 64. The residual error of the wavelength 

calibration is plotted in Fig. 65. The calibration of the 27 orders from #30 through #56 is very precise.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 64: By MIDAS identified ThAr lines. 

Fig. 65: Residual error of the wavelength calibration vs. absolute order #30 to #56. A precise result. 
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The result of the wavelength calibration is listed in the terminal window. 27 orders from ca. 3900Å to 

7600Å, mean RMS = 0.01682Å.  We recommend frequently saving the contents of the terminal 

window in a separate text file by copy & paste.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Confirm deleting the temporary files with a “y”, and follow the instruction for the calculation of the 

average spectral resolution:  R=20,928 +/- 10%  (Fig. 66). 
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5.2.6 Creation of a Masterflat 

Calibration with a darkframe (or a masterdark) can be performed with the camera image recording 

software. In the present image sun360s.fit, a darkframe already has been subtracted. The calibration 

with the flatfield ff20sav.fit in MIDAS is now described. This flat corrects for dust on the optical 

elements in the light path or on the camera sensor. At first, a file called master_flat.bdf must be 

created from the flatfield ff20sav.fit.    

Midas > indisk/fits ff20sav.fit master_flat.bdf 

Note: The masterflat must be named exactly as shown, because it is retrieved later by the script  

baches_pipeline.prg under this name!  

 

 

 

 

Fig. 66: The average spectral resolution of the ThAr spectrum (thar80sav_wrm.fit). Mean RMS R=20,928 +/- 10%. 
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5.2.7 Calibration of the Stellar Spectrum with the Masterflat 
 

Midas > pipeline/baches sun360s.fit 

The pipeline script converts the file into the MIDAS format “.bdf“ and automatically performs the 

Flatfield correction, indicated by a ”p“ using the file master_flat.bdf.  Then the wavelength 

calibration follows, indicated by a “w“. All detected orders are rebined “r“ to the same scale and 

merged “m“ to a spectral profile. 

The file sun360s_pwrm.fit is the resulting spectral profile after performing the following commands: 

p:  flatfield calibration 

w:  wavelength calibration 

r:  rebinning to the same scale 

m:  merging all detected orders 

 

Plotting the spectral profile (Fig. 67): 

Midas > crea/grap  

Midas > plot/axes 3800,8000 0,10 0 "sun360s_pwrm.fit -- Wavelength" 

"rel. Intensity" 

Midas > overplot sun360s_pwrm.fit 

 

 

Fig. 67: Wavelength calibrated profile sun360s_pwrm.fit after flatfielding with the Masterflat.  
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5.2.8 Normalization of the Stellar Spectrum 

For a couple of investigations of a stellar spectrum, a relative measurement to a normalized 

continuum level, usually set at “1“, is sufficient13. Only for the purpose of measuring the absolute 

flux, for example the determination of the intensity maximum of an adapted Planck radiation curve, 

is an absolute calibration with the help of a reference star necessary.   

For normalization, the “pseudo-continuum“ is extracted from the spectral profile (Fig. 67) of the star, 

then smoothed, and subsequently divided into the target spectrum. The pseudo-continuum is 

influenced by various factors such as the quantum efficiency of the camera sensor and the selective 

absorption of the Earth’s atmosphere. The division result is an instrumental function called 

“Response”.    

First, add a couple of additional echelle commands to the content: 

Midas > set/cont echelle 

Calculation of the response function response.bdf 

Midas > normalize/spec sun360s_pwrm.fit response.bdf 

Now please have a look at Fig. 67: By pressing the left mouse button along the continuum you now 

add interpolation points (crosses). The more interpolation points you create, the better the 

calculation of the response function. Finalize the procedure by clicking the right mouse button while 

the cursor is on the image.  

The resulting response function response.bdf is plotted in Fig. 68: 

 

Fig.  68: The instrumental function response.bdf 

                                                           
13

 http://www.ursusmajor.ch/downloads/analysis-and-interpretation-of-astronomical-sp.pdf (p. 21ff) 
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In the next step, the star’s spectrum is divided by the instrumental function. The letter “n“ indicates 

the normalization, and must be added manually into the following input: 

Midas > compute/image sun360s_npwrm.bdf = sun360s_pwrm.fit/response.bdf 

Creation of the spectral profile sun360s_npwrm.fit: 

Midas > outdisk/fits sun360s_npwrm.bdf sun360s_npwrm.fit 

Plot the spectral profile sun360s_npwrm.fit. Try out values for the lower and upper limits of the 

relative intensity: 

Midas > plot/axes 3800,7600 0.3,1.2 0 "Wavelength" "rel. Intensity" 

Midas > overplot sun360s_npwrm.fit 

 

 

Fig. 69: The normalized profile sun360s_npwrm.fit. Due to the fact that only a few interpolation points had been set, the 
continuum is not perfectly normalized to a relative intensity value of “1”. More points are necessary for higher precision. 
Also, note that unusual ”emission peaks“ can result from hot pixel.  

Hot and cold pixels in the original spectrum image result in intensity values that are too low or too 

high after performing the spectral scan. They are seen here between 4900Å and 6850Å. The result 

can be a false spectral line, so these pixel should be removed prior to calibration with MIDAS. Ohne 

suitable tool is a Kernel filter as implemented in the image recording software MaxIm DL. A Single 

false pixel can be removed manually. 
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5.2.9 Synthetic Spectrum  and “Drying“ the Daylight Spectrum at H 

A synthetic black & white or even color spectrum is generated easily with VisualSpec software. Fig. 

70 shows the normalized and synthesized daylight spectrum sun360s_npwrm.fit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 71: Detail around H 
from 6530Å to 6600Å 

including telluric lines of 
the Earth’s atrmosphere. 

Fig. 70: Normalized and synthesized 
color daylight spectrum from 3900Å 
to 7600Å. 

Fig. 72: “Drying“ a spectrum means removing the Earth’s water vapor lines (Tellurics), for example with VisualSpec 

software. The measured center wavelength of the H line is 6562.839Å. The difference from the at-rest wavelength 
6562.852Å is -0.013Å 
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5.2.10 Calcium Lines Ca II  K (3933.66Å) and H (3968.47Å) in the UV 

Rebinning to 0.01px and plot:  

 

 

 

Fig. 73: The calcium lines K & H in the solar spectrum. The profile extends to ca. 3900Å in the UV. 

Gaussian fit of the Calcium K line (3933.66Å) using the command center/gauss (Fig. 74): 

 

Midas > center/gauss gcursor ? absorption 

 

Average of eight measurements of the line center: 3933.52Å.  

K 
H 
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Difference between the measured line center and observed rest wavelength of the calcium K line: 

= 3933.52Å – 3933.66Å  = -0.14Å 
Note: A Gaussian fit is difficult to manage due to interference from the many other nearby lines.  

Gaussian fit of the calcium H line (3968.47Å) using the command center/gauss: 

Average of three measurements: 3968.562Å. = 3968.562Å – 3986.47Å  = +0.09Å 

 

 

 

 

 

 

 

Fig. 74: The calcium line Ca II K with 
one of eight Gaussian fits (+).  

Fig. 75: Three fitted Gaussian profiles. Average of 
measured line centers of the Ca II H line: 3968.562Å 

  H 

II 

  K 

II 
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5.2.11 Magnesium Triplet (5167.33Å / 5172.68Å / 5183.61Å) 

 

Gaussian fits (+):  

 



After applying a Gaussian fit, MIDAS calculates the line centers of the three triplet lines and the 
difference to the observed rest wavelengths. 
 

= 5167.357Å - 5167.33Å  = +0.027Å 

= 5172.672Å - 5172.682Å = - 0.010Å 

= 5183.629Å - 5183.61Å   =  +0.019Å 

  

Fig. 76: Gaussian fits, applied to the three triplet lines of Magnesium.   
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5.2.12 Sodium Doublet (D2: 5889.950Å / D1: 5895.924Å) 

 

 

Gaussian fits (+): 

 

 

 
After applying a Gaussian fit, MIDAS calculates the line centers of the doublet lines of sodium and the 
difference from the observed at-rest wavelengths. 

 

D2: = 5889.934Å - 5889.950 = -0.016Å 

D1: = 5895.943Å – 5895.924Å = + 0.019Å 

 

 

 

Fig. 77: : Gaussian fits, applied to the sodium doublet. 

D1 D2 
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5.2.13 HLine (6562.852Å) 

 

 

Gaussian fits (+): 

 

 

After applying a Gaussian fit, MIDAS calculates the line center of the H line and the difference to 

the observed at-rest wavelength. The profile is distorted due to overlapping telluric lines.  These 

should be subtracted before performing a Gaussian fit to the H line (Fig. 72). 

= 6562.814Å – 6562.852Å = -0.038Å 

  

Fig. 78: The Hprofile is slightly distorted by overlapping telluric lines.  

H 
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6 References  

The calibration of stellar spectra with ESO-MIDAS can be accomplished successfully by applying a 

few basic commands. For the analysis of spectral profiles, the author of this tutorial prefers the 

software Visual Spec by Valérie Desnoux http://www.astrosurf.com/vdesnoux/.  

The comprehensive tutorial for the DADOS spectrograph http://www.baader-

planetarium.de/dados/ explains in detail, how to analyze stellar spectra with Visual Spec. 

If you would like to stay with MIDAS for further analysis, the following references are useful sources 

to gain a broader and deeper knowledge.  
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7 Copyright Notice 
This document is proprietary and for use by the intended recipient only. Baader Planetarium GmbH 

reserves all rights. All information contained in this document is subject to Baader Planetarium's  

copyright.  

 

Except for brief quotation in critical articles or reviews, no reproduction of this manual, in any form, 

in whole or in part, may be made without written authorization from Baader Planetarium GmbH. 

 

Any unauthorized copying, any publishing of its content in the internet or intranet, any use of this 

information by third parties, and/or its dissemination to third parties, without the expressed written 

consent of Baader Planetarium GmbH, is a serious infringement. Under international copyright laws, 

any reproduction or dissemination of this document by the recipient is expressly prohibited. Any 

transfer of this document, in original or copied form, to competitors or other third parties violates 

applicable public copyright laws. Violations of copyright or public procurement laws will be 

prosecuted under the law  

 

Baader Planetarium GmbH, 2015.  
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