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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 9um 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 DL" 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 ASCIl 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
WWWw.Cyanogen.com
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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 9um square. Very well suited is a camera
with the highly efficient KAF-1603ME sensor, as used in SBIG ST-1603ME or STT-1603ME”.

Fig. 1: SBIG ST-1603ME CCD camera attached to BACHES, and Remote Calibration Unit RCU
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Fig. 2: Technical data and quantum efficiency of the KAF-1603ME o
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2 https://www.sbig.com/products/cameras/st-compact/st-1603me/
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2.2 How to Align the Camera to the BACHES Echelle Spectrograph

To achieve a precise calibration in MIDAS?®, 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.
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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

® https://www.eso.org/sci/software/esomidas/
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Fig. 4: Vertical and lateral displacement of the spectrum

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 Ha, 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. 5: Focusing on a green spectral line of the ThAr spectrum ensures a high spectral resolution across the field

8 Baader Planetarium GmbH © Dipl.-Phys. Bernd Koch
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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 witha 9
micron camera (Fig. 6, right).

CCDImage 40 = ER R G [ ()
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8944
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T T
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[Forzortal Lne. =] fy=32 2

‘ Export ?

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

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

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

O NV A WN

10.
11.

12.
13.
14.

15.
16.
17.

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

Do not move the BACHES once positionede.

Launch the camera software and cool down the sensor.

Cover BACHES ports with black caps.

Switch on the ThAr lamp.

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

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

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” .

Switch off the ThAr lamp.

Switch on the halogen flatfield lamp.

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.

Switch off the halogen lamp.

Remove the black cap from BACHES input.

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.

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

If not, return to item 7.

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: 25um

10
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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
9um, like that of the KAF-1603 sensor. The SBIG ST-8300M in this example oversamples with an
actual 5.4um pixel size. In 2x2 binning mode, the 10.8um 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 EW* - a 2x2 camera binning with 10.8um pixel size is sufficient. For measuring
Doppler shifts precisely, one may choose 1x1 binning, however, only for brighter stars.

2
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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.

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

|
|
|
1

i

T s

Fig. 9: Contrast enhanced flatfield spectrum: The 25 orders must be aligned in the field of the KAF-1603-Sensor exactly in
this way to be detectd by MIDAS.
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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.
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2.7 The Reference Spectrum of the ThAr Lamp

The alighment 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 spectrum®, 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.

' thar60s.fit

B8 B I B |
o o m et I prore wd

| | §itanl | | 11 W | 18] B B |

" ] (I (I L 1 1L A D I B B i noti

mes e m n [ Y | | romer o pannroon

L I I B DN LT Y R N L I RIETE BT N I B
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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.

> http://spectroscopy.files.wordpress.com/2010/05/an_atlas_of the_thorium-argon-spectrum-3900-9000.pdf
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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 Ha order. Clearly visible are Ha, 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 Il K line and ends up in the infrared at lower right at around 7100A. 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.

3934A 3969A

Intensity scaled

t S e IS | BRERH HEE IR IS
torgiakid 48 B ERSEERY SENE ENEIEE I BOE IENEER IS S 202
= = o= oces s 4S1E0 BIGEEEE S IFEN IS SN s -
L sme s SsueSe @SS BN 10 S SR IEREENES B HiEFS=— = -
L s S s S ISENEEES: B1 . SO | BEEE EEEHE B MEmsssee e -
s mas sy S ERENSE SENENSISHRENNEE ) RN 18RS 0 20 S0
L ) maee S SSSRREES BE ENIE T I R S SRS § R e o
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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. 3925A to ca. 7084A; the important Ca Il 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 LINUX® 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
2]

MIDAS_32bit,vbox Password: 1235813

Rechner VirtualBox - Uber

o3 ORACLE

Personlicher Ordner
VM

VirtualBox

VirtualBox graphische Benutzeroberflache
Version 4.3.10 r93012

Copyright © 2014 Oracle Corporation and/or its affiliates. All rights reserved.

¥ Menu |5 ) W) o Fr.11.Jul, 15:53

B © @& @@ [ | @ [¥])sreRecHTs

Fig. 13: Installation of a VirtualBox on Windows computers.

® http://ubuntuusers.de/
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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”.

Desktop b Shared » Windows: Create a folder Shared. Copy the unzipped folder
- Name sun1603 to this folder. The folder sun1603 contains the files

. sun240s.fit (Daylight = solar spectrum, taken with the CCD
SR C)BACHES spectra  Camera SBIG ST-1603ME, thar60s.fit (spectrum of the ThAr

{[)sun1603 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”

¥ MIDAS_32bit - Andern

Metzwerk

Seriglle Schnittstellen

=] algemein Gemeinsame Ordner
m System
Ordnerliste
Anzeige
MName Pfad automatisch einbinden | Zugriff L'.ﬁ
Massenspeicher =1 Qrdner der virtuellen Maschine )
4}; Audi Shared C:\Dokumente und...trofoto\Desktop'Shared Ja Yol
) Transiente Ordner =

USB

Gemeinzame Crdner

ok | [ Abbrechen | [ Hife

Fig. 14: Creating a path for the common folder “Shared”.
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Calibration of BACHES Echelle Spectra with ESO-MIDAS

In LINUX: Open “Persoenlicher Ordner” -> “sf_Shared”. The directory sun1603 is included.

e sf Shared - 4
Datei Bearbeiten Ansicht Gehe zu Lesezeichen Hilfe
& Zuriick ¥ 4 O M WA & 5% & | Listenansicht -1 Q,
Orte v % S| ! media sfShared
Lesezeichen Name * | GroBe Typ Anderungsdatum
o T™P + J:BACHES spectra 74 Objekte Ordner Di 06 Jan 2015 14:30:17 CET
= * |l
Rechner
& user
=] Arbeitsflache

__| Dateisystem

[i | Dokumente

L] Downloads

[f= Bilder

1 mill
Netzwerk

Netzwerk dur...
»5unle03« ausgewdhlt (enthdlt 3 Objekte), Freier Speicherplatz: 238,1 GB

Fig. 15: Where the common folder "sf_shared" is located.

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”

> TMP -
Datei Bearbeiten Ansicht Gehezu Lesezeichen Hilfe
& Zurick ¥ 4 O M B e sox € | Listenansicht 1
Orte v % N < 4% user TMP Kopien
Lesezeichen Name ¥ | Groke Typ Anderungsdatum
B + J: Kopien 8 Objekte Ordner Di 06 Jan 2015 14:45:06 CET
[ sf_Shared N
Orte v N 4 4% user TMP sunl603
Lesezeichen Name ¥ | GroBe | Typ Anderungsdatum
i TMP Bl f150s.fit 3.1 MB FITS-Dokur So 04 Jan 2015 13:04:01 CET
i sf Shared B sun240s.fit 3,1 MB FITS-Dokur So 04 Jan 2015 13:36:11 CET
Rechner B thar60s.fit 3,1 MB FITS-Dokur So 04 Jan 2015 13:11:34 CET

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

SAOImage
SAOImage

Datei Bearbeiten Ansicht Rahmen Zoom Skalierung Farbe Region WCS Analyse Hilfe
Datei thar60s.fit |
Objekt |
Wert |
wces |
Physikalisch X Y
Bild X Y
Rahmen 1 X 0.694 0.000 s
datei bearbeiten ‘ ansicht ‘ rahmen bin ‘ zoom skalierung ‘ farbe ‘ region ‘ wes ‘ hilfe
offnen ‘ speichern ‘ dateikopf J seitensetup ‘ drucken ] schlieBen

275 421 716 1298 2474 4800 9432 18780 37268

Fig. 17: The spectrum thar.fit appears mirrored vertically. This representation in SAOimage is absolutely correct!

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
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Calibration of BACHES Echelle Spectra with ESO-MIDAS

4 Munich Image Data Analysis System (MIDAS)

4.1 Launching MIDAS

“Menu“ > “BACHES” > “MIDAS”

[¥a MIDAS_32bit [wird ausgefiihrt] - Oracle VM VirtualBox
Maschine Anzeige Gerate Hilfe

Orte Anwendungen Favoriten =
W Rechner

= [:E:] o ueu ESSQQImage Software

% Personlicher Ordner

| [ BACHES ] s BV

M Netzwerk t & nasarFits Image Viewer

== . Grafik |

=] Arbeitsflache - MIDAS

7 ot Int t Munich Image Data Analysis System
7] Papierkorb 448 Interne

Bl muttimedia

System

Systemwerkzeuge
4 Softwareverwaltung

= Zubehor

Paketverwaltung

B
|4/ Kontrolizentrum &y Einstellungen
B Terminal E Systemverwaltung

@ Bildschirm sperren

C Abmelden
O Beenden

Suchen: | | Q
Lx = @ ) , % Di. 06. Jan, 15:11

B - @ P E @ & [8)sreRecHTS

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.

MIDAS_ 32bit [wird ausgefiihrt] - Oracle VM VirtualBox
Maschine Anzeige Gerate Hilfe

r E

Terminal

Datei Bearbeiten Ansicht Suchen Terminal Hilfe

[y L7

Jusrflocal/bin/inmidas: 227: Jusr/local/bin/inmidas: lockfile: not found

ESO-MIDAS wversion 135EPpl1.2 on PC/Linux
FEEEEEEZFZFTRTRFZFZEZERRZREFREREREREZZZRZRERRERRRF R TR TR FREFZEZZ R R R R ZFZHFFFFFFFEF 5555 %

*%&

Copyright (C) 1996-2013 European Southern Observatory =i

%k

ESO-MIDAS comes with ABSOLUTELY NO WARRANTY for details type ek

‘@ license w'. This 1s free software, and you are welcome to Ak
redistribute it under certain conditions; type '@ license c' i

for details. i

*%&
FEEEEREEXEZERTETEFZFRERE R R IR IR IR IR IR IR IR AR ARSI R EI XA R EA R IR R R AR R RE XX R X EZ R RE 5%

Midas 001=

¥ Menu ||| [ 44_Boo '@ Terminal | = @ 43) 4 Fr. 11. Jul, 16:31

B ) & =P i ua | @ (8] sTRERECHTS

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.

Ihe 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: fhome/user

Midas > ch TMP

=» Changes to the subfolder TMP: /home/user/TMP

Midas > $1s

=>» Creates a directory of the folder TMP -> sun1603
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Midas > ch sunlé603

=» Changes to the folder: /fhome/user/TMP/sun1603

Midas > $1s

=>» Creates a directory of the folder sun1603: ff150s.fit, sun240s.fit, thar60s.fit

Midas 001= ch

current dir. now: /fhome/user
Midas 002> ch TMP

current dir. now: /Jhome/user/TMP
Midas 003> %ls

Kopien sun1603

Midas 004> ch sunl1603

current dir. now: /Shome/user/TMP/sun1603
Midas 005> $%ls

ff150s5.fit sun240s.fit thareds.fit
Midas 006>

4.3 Loading the BACHES Scripts for Calibration

Midas > set/cont baches

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

Midas 006> set/cont baches
*x***%** TEMPLATE application package version 1.0 enabled *****#%**%
commands available:

CALIBRATE/BACHES executes baches_calib.prg
PIPELINE/BACHES executes baches_pipeline.prg

RESOLV/BACHES executes baches_resolving_power.prg
RECAL/BACHES executes baches_recalib.prg
CLEAN/BACHES executes baches_clean.prg
COMPUTE/BACHES executes baches_compute_fits.prg
FILE/BACHES executes baches_file_ext.prg

Midas 007> |

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 2>
13SEPpl1.2 - contrib = baches.

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

~ baches - +
Datei Bearbeiten Ansicht Gehe zu Lesezeichen Hilfe
4 Zurick ¥ 'y ) : 3 - 2, 50% & lListenansicht =
Orte v % m . usr local midas - 13SEPpll.2 - contrib = baches
Lesezeichen . Name ¥ | Groke Typ Anderungsdatum
o T™P + demo 10 Objekte Ordner Mo 10 Mar 2014 12:
[l f_Shared + doc 2 Objekte Ordner Di 04 Mar 2014 10:5
Rechner + etc 3 Objekte Ordner Di 04 Mar 2014 10:5
& user + help 4 Objekte Ordner Di 04 Mar 2014 10:5
= Arbeitsflache &
.:. Dateisystem i DESCRIPTION 192 bytes Einfaches Textdokument Di 04 Mar 2014 10:5
i 1 Dokumente £ SELECTED 0 bytes Einfaches Textdokument Di 04 Mar 2014 10:5
|1 Downloads
[im Bilder
7 mall
Netzwerk
Netzwerk dur...
4 "
| »proc« ausgewahlt (enthalt 11 Objekte), Freier Speicherplatz: 3,6 GB

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.

> proc -+ x
Datei Bearbeiten Ansicht Gehezu Lesezeichen Hilfe
& Zurick ¥ 4 (2] &« B 8, 100% ® |Symbolansicht sQ
Orte vy % b . usr local  midas 13SEPpll.2 = contrib = baches = proc
Lesezeichen SCE ! sld: | $1d: 1§14
! shame ! shame ! !
[ TMP 1 BITRAN 1 AITHN | MAME - |
| baches_calib.prg baches_clean.prg baches_compute_fits. baches_dark_
prg substaction.prg
[l sf_Shared
! $1d: ! §1d ! :g: ! §1d:
Rechner ; T ; mT | Sl ] mT
E MAMF - : : AT :
# user baches file ext.prg baches_pipeline.prg baches_recalib.prg baches _resolving_
Arbeitsflache power.prg
__| Dateisystem ! $1d: ABC B o
[ | Dokumente ey ==
[1 Downloads compute_fits.prg default.mk makefile
[iml Bilder
71 mal
Netzwerk
Netzwerk durchsuchen
11 Objekte, freier Speicherplatz: 3,6 GB

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
- proc - X
Datei Bearbeiten Ansicht Gehezu Lesezeichen Hilfe
4 Zurick ¥ 4 (> el 2, 100% @ | Symbolansicht s ] Q,
Orte v X % | [ usr local midas  13SEPpll.2 - contrib = baches = proc
Lesezeichen ! $Id: | | $1d: | $1d: | $1d
| $Hame | $Hame ! !
| | I 1 ] ]
[l TMP L8 i3 Offnen Thi i
il - wes _comnoute fits harhes dark
&l L Enter your password to perform
[l sf Shared ol | Al Mit Schrift-Anzeiger ffnen i Hiiilja administrative tasks
Rechner : Al Mit anderer Anwendung offnen ... The application 'pluma *file://jusr/local/midas/13SEPpI1.2/
i cuntril?;‘bachesfpruc;‘baches_c\ean.prg" lets you modify
& user baches_ﬁ essential parts of your system.
=] Arbeitsfliche &' Copy
; Retesystem !5 Password: | @000006|
Dokumente L .
i M Kopieren nach
L] Downloads compute Ccancel oK
[iw Bilder
71 mall
Netzwerk Offne als Administrator
Netzwerk durchsuchen Ll G
»baches calib| EJ Eigenschaften 1.6 GB

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

~ baches_calib.prg (fusr/local/midas/13SEPpl1.2/contrib/baches/proc) - pluma (als Administrator) - + =x

Datei Bearbeiten Ansicht Suchen Werkzeuge Dokumente Hilfe

i ijt'rl‘fnen v D;Speichem a Q Q

|=| baches_calib.prg %

|! $Id: baches_caliﬁ.prg,v 1.5 2012/11/25 18:33:45 midasmgr Exp $ 2
SName: $ ||

AUTHOR: C. Guirao

NAME: baches_calib.prg
Semi-automatic wavelength procedure for echelle spectra BACHES.
The calibration is based in the ECHELLE package of MIDAS which assumes
raw-images oriented so that orders appears along the rows, withe low orders
up and wavelength increases from left to right, i.e. red is up and left.
START and STEP descriptors of the image must be positive.

INPUT:
- 2-dimensional FITS/BDF image with the spectrum of flat field lamp.
- 2-dimensional FITS/BDF image with the spectrum of a calibration lamp.
- MIDAS table of the calibration lamp in FITS format. Default "thar.fit"
- Number of orders to be calibrated. Default 24

5lit width for order identification. Default 20

Slit width for extraction. Default 20

- Final tolerance on RMS error. Default 0.4

Final degree of polynomial defining dispersion. Default 4

Reiner Text ¥ Tabulatorbreite: 4 ¥ Z.1,5p.1 EINF

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
, which keep record of your edited

again. Frequently use comment lines, beginning with an
program lines.

Do not forget to save backup copies before editing!

-~ baches_calib.prg (/usr/local/midas/135EPpll.2/contrib/baches/proc) - - -

Datei Bearbeiten Ansicht Suchen Werkzeuge Dgkumente Hilfe
_r_l ijﬁrl‘fnen v Di_SpEichern 5 x |D Q q

| baches calib.prg

DEFINE/PARA only permits 8 parameter max. i
DEFIME/FARA p9 10 NUM

Convert paramaters into wvariables:

DEFINE/LOCA cmd/c/1/20 "baches_calib" [
DEFINE/LOCA ff_frame/c/1/40 {p1} '
DEFINE/LOCA lamp_frame/c/1/40 {p2}

DEFINE/LOCA calib_table/c/1/8 "thar.fit"

DEFINE/LOCA orders/i/1/1 ip3}
DEFINE/LOCA widthi/i/1/1 ip4}r
DEFINE/LOCA width/1/1/1 {ip5}

DEFINE/LOCA slit_offset/r/1/1 {p6}
DEFIME/LOCA tolerance/r/1/1 ip7}
DEFINE/LOCA poly/i/1/1 {p8}

1

! Other local definitions

1

DEFIME/LOCA frame/c/1/40

DEFINE/LOCA basename/c/1/40 "7 +lower_levels v

Reiner Text ¥ Tabulatorbreite: 4 ¥ Z.85,5p. 35 EINF

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.

-II:I ij Offnen W Di_ Speichemn 5 ¥~ Undo

|=| *baches_calib.prg %

~ *baches_calib.prg (/usr/local/midas/13SEPpll.2/contrib/baches/proc - +
Datei Bearbeiten Ansicht Suchen Werkzeuge Dokumente Hilfe

¥ 0B a9

gt

WRITE/OUT

WRITE/OUT "PARAMETERS FOR THIS CALIBRATIOMN:"
WRITE/OUT "==============================="
WRITE/OUT "Flat field = {ff_frame}"
WRITE/OUT "Calibration lamp = {lamp_frame}"
WRITE/OUT "Calibration table = {calib_table}"
WRITE/OUT "Mum. of orders = {orders}”
WRITE/OUT "Slit order width = {widthi}"
WRITE/OUT "Slit extraction width = {width}"

WRITE/OUT "Tolerance on EMS = {tolerance}"
WRITE/OUT "Polynomial degree = {poly}"

WRITE/OUT

WRITE/OUT "Offset from center slit = {slit_offset}"

Reiner Text ¥ Tabulatorbreite: 4 w

Z.115, 5p. 37 EINF

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

~ baches_calib.prg (/usr/local/midas/135EPpll.2/contrib/baches/proc) - - -

Datei Bearbeiten Ansicht Suchen Werkzeuge Dokumente Hilfe
ﬂ ijlf'_'rl‘fnen v D_iEDEiI:hEITl 5 ﬂ Q q

|=| baches_calib.prg

I Next command can also be used to reduced the scan area from rows 1 to A
1000

! (bottom-up) in an image of 1024 rows, and with the purpose of
eliminating

! a truncated red order. A truncated order may cause hanging in DEFINE/
HOUGH

! SCAN/ECHE {frame} 1,1000 ||
! Next command could be used to identifiy with the cursor and a graphical |
! diplay the area of scanning:

| SCAN/ECHE {frame}| cursor

! DEFINE/HOUG could use a low threshold in an attempt to idenitify weak
orders
! DEFINE/HOUG {frame} ? 7 7 500 1,5 -

Reiner Text ¥ Tabulatorbreite: 4 Z.194,5p. 20 EINF

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 f£f150s.fit thar60s.fit 25
PARAMETERS FOR THIS CALIBRATION:

Flat field = ff150s.fit

Calibration lamp = thar60s.fit
Calibration table = thar.fit

Num. of orders = 0025

slit order width = 0020

Slit extraction width = 0020

Offset from center slit = 0.00000E+00
Tolerance on RMS = 1.00000E+00
Polynomial degree = 0004

Threshold = 0010

baches_calib: Do you want to continue [yn] {y}?|

Fig. 27: A fourth order polynomial is fitted to the data points (x-position on
sensor vs. wavelength) by least-squares fit.

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:

<flat field>.fit Spectrum of a continuum lamp used to identified the orders.
You may need to combine sewveral flats with differnt filters
in order to cover all the orders. The spectrum of a direct
halogen lamp is enough to cover 23 orders.
The s=spectrum of a halogen lamp with a blue filter (bg23) is
enough to cover upto 26 orders.
To cover more orders (28-30) vou will need a composite of
flats with different filters and from UV lamps.

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!
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The following figures reveal the distribution of the detected 25 orders:

MIDAS_99 display_0

R R ——II I —=II———=—=——=—————
e ———mi=i——————————
1
e —— |
e
e ——————
= |
e
e ——
e

MIDAS
13SEP

—|
" ——]
1)
+of

2 — v o.0EEEsEs
L lI 4 Fme -1
M= 5
Data: OS5 .Jan Z0LE
l Time: 1557 13

UV: 1. line IR: 25. line

FPixel walus
M
W
=
[un}
[
X
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FPosition

Fig. 29: Vertical scan through 25 orders.
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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.

Fixel walue

400 &a00 200
Position

1000

Date: 02 Janm 2015
Time: 1504 21

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.

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.
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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.

--- (W) Wavelength Calibration ---

Search Method (GRAVITY, GAUSSIAN)
Analysis window width

Threshold above the background
Wavelength calibr. meth.

SEAMTD

: WIDTH2

THRES2

D WLCMTD

= GAUSSIAN

10.0
0.0
PAIR

" (Possible methods: PAIR, ANGLE,
Wavelength calibr. option (1D/2D)
Regress. method (Standard,Robust)
Visualisation flag (Yes,No)

Arc frame
Line Catalog

GUESS, LINEAR, ORDER,
D WLCOPT = 1D
! WLCREG STANDARD
D WLCVISU YES
: WLC = ++4
LINCAT = MID_ARC:thar.tbl

RESTART)

Polynomial Degree : DC 4

Tolerance TOL
Parameter CCDBIMN is also involved
Mini, Maxi number of iterations
Iteration Loop parameters:

" WLCITER(1-3) = 1.0, 0.3, 20.0
WLCITER(4-5) = 5.0, 4.0

: WLCNITER

baches_calib: Order identification finished
baches_calib: Do you want to continue [yn] (y)?

.

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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search lines
input imag : extwlc
output table : line.tbl
input parameters
search window : 10 pixels
detection threshold : 10.00 DN
centering method : gaussian fit
earch for emission line
detected lines

=
5

min 0 @000 OO0 00000 O OOfmim o o - o 00 OCOoobn oo O Ofo0n oo Oooo00m o EIEH:D o
[ la]

[I0|IID MDD M OO0 0 00 00000 O fO0mmoo o O OO OO 0 DODO 0000 @ 00 OO0 EIJDED'
0 MO0 O Omood OO0n MO0 0 §0 §M0ooinil 0 00 ool §§ |00 @ oo O OO (00 00 O00p | @O

N O OO (OO MOfrom O 0000 0 000 O 0000 00 0mo d 000 o0 o0 S0 000000 0 000 000 00 Of 000 00 000

(=]

00 OOf DOODMN OOMO D@ 000060 Onf0 0 i0 oblmb 0 0 0 O 00 000 00 00 OO0 0 OJOD 0 00 @ [

=]

IO 00 [0 000 00 OO0 00 S O 000 060 00 OO0 O 000 000 60 00000 0 §0 0000 0 000 060 0 0000 0000 O 00 /(000

=~ LN

MOD0 DD 0 ODODO00O0T 00 00 O O8I0 0000 EOniio § 00000 OO0 0 00 @00 O0O00o 0 DWOoog

1
2
4
5
(4]
7
8
g

10

11

Om 0O ' O 0Om 0000 OO0 OO 00 MO O M 0 00 O 00000 00 000 § OO W Oo0 O 00 O0mpm O
o MO O 00000 OO0 O00000 OO i 00D 0O O OO0 OO0 O O 0000 0 00 00 000 OO0 O (@ W00 0§

—y
=]

00 DOONOD OOWO0O0 D O OO0 OO0 DOOMoim - O 000 0 OO0 000 0 0 OO0 00 D000 0 O 0 O 0oom
|0 00 000 Gon OiC0 00 000 M0 00 O 0ED O0Oomil 0M 0 OO 00 000 SI000 000 §o0Ec 060 OIion 060 [0 OO0 00
OO00ONOO OO0 W00 o OO0 O oomnd OO0 0000 o0 00 O 0O0O000 ([0 0000 o
o 0 [ 0000 Moo M 000000 Ofd 0000 00000 O0000H O 2CoO0f0 OO 000 070 D00 00
O00J 0O @IOOmoo0 00000 § im0 00O 000 O 00 00 O0M 0 0 000 o 2 Oom mo ul
MO D0DomNO O FDO0 OOO0O MO0 O0 o (O 00 0 0000 0o ol O/f0 M) 00 M0 MO0 0oooom
0 DONO00On 000000000 0 MOf00000 oOO0 MO0 OO OO f /Mo 00 o000 000 00 000 Of 00 00 O 0o
no PIlD O OO0 00 00 OO0 OO00 000 (0 O §000000 000 0 0 0 O MO0mMOgo 0 00 o mmo
00O0O 00000 oo O 0o 0 WD 00 00 OINomD Of0 O of OO0 D00 Ofdod OO0 O o0
Omooo o 000 MOf 0000 Mb 00 000 00 000 OO 00 OO0 0OOmd 0 20000 § oooo oo ooo
mmo o 00mp RO O0O0mMOd 00 000 00 000000 (@ Omom 00 00 hooo M 000 mog Ofoono Qoo O O
Mo oo MOmMmO 0000 Of 00 0000 MO0 OO00monoo  Oomiofid 00 miooom oo o
0 oOomp @O O Mim Moo @000 W00 00000 oimm  Of O oh OITgn0 Ofd 000 @
O0MMO00O00 O00O00Of Omof MO 0 O0O00 000 o mo 0Ol MO0 O O oOmio mpoo @O

DN 00000 MmO 00 0M00 O [0 O0000 OOOMO oo moomono M [m]
O0moo O Om O g M mm m moo o INO0 ODOM OO0 0 OO0 OOOmD O OO Og

f—y
98}

[ B e B e I e N I N |
= W

RN MNK P
Bow o = [s I, I 9

o] 08D =] D WD =] WD 00 WD
W O = W SO = s

P
L
N

Fig. 32: Seq. no. 1 is the bottom line in above
image, seq. no. 25 is the top line

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):

6662.268A in order 33 (First click above left, second click above right)
4609.600A 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.
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b
@682 4268433 |
[:§457.282#541

[ ]

il | |
£09.500#43

G

CHAML: O START: 1,0,1,0
FRAME: thar_ref.b END: 1528,0,1018,0

df
CUTS: 0,0,3302,48393 MIN,MAX: 0,0,64646,0

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

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

Step 3: Set the cursor on the left spectral line Step 4: Set the cursor on the right spectral line
4609.6004, then press the left mouse button. 4609.600A, then press the left mouse button.

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

(N IR B X 8 I 1 I T A I A
IR TR I [ R I
1| [ E |

1
(N}
7. 000000
O,

"o

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:

Info: You must identify lines which are repeated in
overlapped regions of two adjacent orders. You
will do it two times.

With the cursor, select two lines that appear in two
different orders each. Click them in the following order
- First line: left-hand side, then right-side
- Second line: left-hand-side, then right-side
For each line {for help, see CENTER/MOMENT with option CURSOR):
- select approximate position with cursor
- if necessary, optimize size of cursor rectangle
- enter position by pressing Enter on keyboard
Exit by pressing Exit button
xcenter ycenter Xerr yerr
*xfwhm y fwhm icent ident
frame: thare0s.bdf (data
plane_no 1 loaded
47.910851 927 .66968
IDOOO1

871.70807 .B3085E-M
2.0706 . IDOO02

ID0003

1298.8450 219.5066 .890 .
2. 11. 269 50464, ID0004

Enter absolute order number of first pointed line ({sguare mark)

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: 2> 6662.268
Sequence no. 0003, Order no. 0048. Enter wavelength: = 4609.6

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).
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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%.

COMPUTE DISPERSION COEFFICIENTS

INPUT TABLE : line.tbl

POLYNOMIAL DEGREE : 4

SEQ.NO SPECTRAL NO.LINES WL END 5TD. DEV.
ORDER ANGSTROEM

.01140 *FROM SOLUTION*
.01186 *FROM SOLUTION*
.01224 *FROM SOLUTION*
.01583 *FROM SOLUTION*
.01570 *FROM SOLUTION*
.01642 *FROM SOLUTION*
.01331 *FROM SOLUTION*
.01794 *FROM SOLUTION*
.01682 *FROM SOLUTION*
.01549 *FROM SOLUTION*
.01307 *FROM SOLUTION*
.01753 *FROM SOLUTION*
.01674 *FROM SOLUTION*
.01471 *FROM SOLUTION*
.01587 *FROM SOLUTION*
.01764 *FROM SOLUTION*
.01551 *FROM SOLUTION*
.01543 *FROM SOLUTION*
.01159 *FROM SOLUTION*
£ .01417 *FROM SOLUTION*
6100. 94 ; .29 .01044 *FROM SOLUTION*
6275.09 6480. .01780 *FROM SOLUTION*
65459. 4 ; = .01488 *FROM SOLUTION*
6655.02 6872 ] .02126 *FROM SOLUTION*
68 i - *FROM SOLUTION*

[, I S WL Ry N

s
=R
WL~ W

W o0
=

m
LA
4L oo
-t 4

41
40 89

I oo~ BB D
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i
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Ln
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(%]

MEAN RMS:

** TOTAL NUMBER OF LIMES : 1171 **
FE kA AAAXAAAAA AR ERFRFRFRFEE  Yoarification FArEAAEEEEEEEREEEEEEEEEEEEEEEEEEEEAAE

1) Minimum number of selections per order : &
If the number of selections in any order (column NO.LINES above)
is less or egual than the minimum, this order should be checked.

2) Percentage of identifications among the half brighter lines : 61
This percentage must be as high as possible (abowve 50%). Low wvalues
indicate an uncertain calibration.
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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 3923A to 7086A is 0.01495A, a nearly perfect result.
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Fig. 37: Residual errors of the wavelength calibration.

You can now choose to delete or retain temporary files:

baches_calib: Do you want to clean temporary files [yn] (y)?

o, i

Enter “y“.

baches_calib: Do you want to clean temporary files [yn] (y)?
clean: cleaning temporary files

use CREATE/DISPLAY or CREATE/GRAPHICS to recreate your windows...
baches_calib: Do you want to calculate R for thar&0s.fit [yn] (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.
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Resolving power computed in MIDAS table: thar6Os_wrmR.fit

Postscript file generated in thar60s_wrmR.ps
Average (kappa-sigma-cleaned) resoclution power: 2.19548BE+04 +/- 1.86743E+03
Midas 007=
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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

Midas 008> plot/axes 3900,7100, 0,65535 0 "Wavelength" "rel. Intensity"

Midas 009> overplot thar&0s_wrm.fit

G0000 — T

40000 — T

Imtensity

el.

20000 — T

s
4000 5000 (=1elaly fgeles
Lavelength

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 9um 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 £f150s.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!

Midas 010> indisk/fits ff150s.fit master_flat.bdf

FITS file: ff150s.fit converted to: master_flat.bdf
Midas 011=

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 > $1ls

bachesIORDE.fit  graph_wnd099.plt outnames.cat thar60s_wr.fit
bachesLINE.fit i_ i.cat progress.out thar&0s_wrm. bdf
bachesLINE.thl line.thl r_ r.cat thare0s_wrm. fit
bachesORDE.fit master_flat.bdf sun240s.fit thare0s_wrmR.fit
bachesORDE. thl middumma.tbhl thar_10001ines.tbl thar60s_wrmR.ps

back.thl middummt . thl thare0s_ . bdf thar&0s_wrmR.thl
compute_fits.prg nectab.tbl thare0s. fit

ff150s.fit MULL thar&0s_w.bdf

FORGRdrs.KEY order.thl thar&ds_wr.bdf

Midas 012=
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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
wavelength calibration

r: rebinning to the same scale

m: merging all detected orders

Midas 012> pipeline/baches sun240s.fit
pipeline: Version: baches_pipeline
pipeline: Bias=master_bias.bdf
pipeline: Dark table=master_dark.tbl
pipeline: Flat=master_flat.bdf
pipeline: Echelle session=baches
pipeline: Flux=master_flux.bdf

compute_fits.prg: sun240s.fit converted to sun240s_.bdf

pipeline: creating sun240s_p with master_flat.bdf divided
Background table back.tbl not stored. Created...

Creating table back.tbl...

pipeline: sun240s_pw calibrated in wavelength

Sampling step = 0.1071

pipeline: sun240s_pwr rebined

pipeline: converting sun240s_pwr.bdf to sun240s_pwr.fit
pipeline: sun240s_pwrm merged

pipeline: converting sun240s_pwrm.bdf to sun240s_pwrm.fit
Midas 013>

Plotting the spectral profile:
Midas > crea/grap
Midas > plot/axes 3900,7100 0,5 0 "Wavelength" "Relative Intensity"

Midas > overplot/row sun240s_pwrm.fit

Midas 016> plot/axes 3900,7100, 0,5 0 "Wavelength" "rel. Intensity"

=Mida5 017> overplot sun240s pwrm.fit
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Imtensity

rel.

Wavelength

Fig. 40: Wavelength calibrated profile of the solar spectrum sun240s_pwrm.fit after flatfielding with the
masterflat. Spectral range from about 3923A to 7086A.

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
VisualSpec’ or ISIS?. 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/
® 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 sufficient’. 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:

Midas 015> normalize/spec sun240s_pwrm.bdf response
»>> Use graphics cursor to enter data <<<

*%% INFO: Creating new table file
Frame: sun240s_pwrm.bdf

1 Y-axis Pixel Line X-position ¥-position Pixel_ wvalue

1.75548 1.51292

3771 .86068
2. 86068
.11184
4.00798
.40766

.
[#.2]

39 2
39 3
3990. 3
3999 4

. 4

B
=]
=]
)
[ I I R
oo
(¥}
N ]
(¥}
L N I N R N
[ X Qe
) L L L
Wofs W R R

? http://www.ursusmajor.ch/downloads/analysis-and-interpretation-of-astronomical-sp.pdf (p. 21ff)
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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

Now the instrumental function response.bdf is plotted:

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

Midas > overplot response.bdf

5 T T T T T T T T T T T T

Relative Intensity

Wavelength

Fig. 42: The instrumental function response.bdf

In the next step,
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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

Felative Intensity
=
n

0 | I I I I | I ] I I ] I ] I I ]
4000 S0 a0 T

Wavelength

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.

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
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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 Ho..

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

Solar spectrum 39234 - 7084A

Telluric

Call Hp Mg Triplet NaD ) Ho

4510 4565

0,

seas ses0 6960

6195 450 5705

Daylight spectrum taken on December 21, 2014 with BACHES Echelle Spectrograph and SBIG ST-1603ME Camera.
Calibration spectra obtained with Remote Calibration Unit (RCU). Spectrum calibrated with ThAr-Reference lamp

and Halogen Flatfield lamp. Spectrum calibration with ESO MIDAS software. Wavelength calibration mean RM$=0.015A.
Bernd Koch, Baader Planetarium GmbH, Mammendorf/Germany -- www.baader-planetarium.de

Fig. 44: Normalized spectral profile and synthesized color spectrum sun240s_npwrm.fit (ref: Fig. 40), created with

VisualSpec Software.

In the following, the normalized daylight spectrum sun240s_npwrm.fit is examined in detail for the
achieved calibration accuracy.
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4.8.5 Calcium Lines CaII K (3933.66A) and H (3968.474) in the UV
Midas 022> plot/axes 3929 4000 0,1.5 0 "Wavelength" "rel. Intensity"

Midas 023> overplot sun240s_npwrm.fit

Intensity

rel.

! ] | ! ! ! ] ! ! ! | !
3340 3250 3380 4000
Wavelength

Fig. 45: The Calcium lines K & H in the solar spectrum. The profile is limited to ca. 3923A 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. 3900A.

Midas 013> center/gauss gcursor ? absorption
start end center pixel_wvalue FlHM

0.74940
1.6875

n

Note: The wings and cores of
the Ca Il lines deviate
| 11 : substancially from a fitted
] F M F MN w 4 Gaussian profile. For
\ U “ measuring the line center,
! “‘ only a small range was used.

rel. Intensity
=
4]
U— ——
@’J'
>
=
— -
R ——
I

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

| AA=3933.771A-3933.66A=0.11A
L o AA=3968.560A-3968.47A=0.09A

| L 1 L
3340 3560 3580 4000
WUavelergth
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4.8.6 Magnesium Triplet (5167.33A / 5172.68A / 5183.61A)
Midas 017> plot/axes 5160,5190 0.4,1 0 "Wavelength" "rel. Intensity"

Midas 018> overplot sun240s_npwrm.fit

o]
m

Intensity

rel.

0. 4 ! ! ] ! | ! ! ! ] | ! ! ! !
5160 5170 5130 5190

Wavelength
Fig. 47: Magnesium Triplet 5167.334, 5172.684, 5183.61A

Midas 019> center/gauss gcursor ? absorption
start end center pixel_wvalue

0.40800
0.42332

0.41854

oh

5166.572 5168.2
5172.042 5173.
5180.699 5185.

Lh A oLn
Y

L kg =]

00 =

(=)
m
I
|

Intensity

Fig. 48: Measured line centers and
0.6 - 7 difference to observed wavelength
L ' 1 (NIST Database):

rel.

\ AA=5167.370A-5167.33A= +0.04A
- I 1 AA=5172.68A-5172.682A=-0.02A
AA=5183.64A-5183.61A=+0.03A

Wavelength
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4.8.7 Sodium Doublet (D2: 5889.950A / D;: 5895.924A)
Midas 012> plot/axes 5885,5900 0.4,1.1 0 "Wavelength" "rel. Intensity"

Midas 013> overplot sun240s_npwrm.fit

Imtensity
o
o

rel.

0.4 1 | 1 |
5285 5220 5895

Lavelength

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

Midas 014> center/gauss gcursor ? absorption

=

start center pixel_walue

3887.0956
5894 ,598

FlHM

0.75348
0.61300

Intensity

rel.

Wavelength

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

D2: AA=-0.01A
D1: AA=-0.009A
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4.8.8 Ho Line (6562.852A)
Midas 008> plot/axes 6550,6580 0.4,1 0 "Wavelength" "rel. Intensity"

Midas 009> owverplot sun240s_npwrm.fit

]
ua]

Intensity

rel.

0.4
G550 e580 5570 6530

Lavelength
Fig. 51: Ha Line with telluric lines close-by.
Midas 006> overplot sun240s_npwrm.fit

Midas 007> center/gauss gcursor 7 absorption
start end center pixel_wvalue FlHM

6550.682 i ) - 6562.854 0.41775 LB781

1 T T T T T T T T | T T T T
E&QW[wpwﬁ 20 JJWV 1
0.8 —
o - -
=)
o L i
[
il
] L 4
5
. 0.6 - _
o
o L i
i i Abb. 52: Measured line center:
i 17 Ho 6562.854A.
0.4 |- —
L 4  AM=+0.002A
1 1 1 1 | 1 1 1 1 | 1 1 1 1 - FWHM: 1.8781A
EEE0 E5E0 G570 £580

Wavelangth

© Dipl.-Phys. Bernd Koch Baader Planetarium Gmbh 49



Calibriation of BACHES Echelle Spectra with ESO-MIDAS

4.8.9 Fraunhofer B: 0, Absorption in the Earth’s Atmosphere

Midas 053> plot/axes 6860,6930 0,2 0 "Wavelength" "rel. Intensity"

Midas 054> overplot sun240s_pwrm.fit

Imtensity
I
1

rel.

0 1 1 1 1 1 1 1 1 1 1
E260 E280 E300 E520

Lawvelength

Fig. 53: Fraunhofer B. O, absorption in the Earth’s atmosphere. MIDAS plot with synthezised color spectrum,
created with VisualSpec software. Composite image in Photoshop.

50 Baader Planetarium GmbH © Dipl.-Phys. Bernd Koch



Calibration of BACHES Echelle Spectra with ESO-MIDAS

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 0.01A/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"

]
o

Relative Intensity
=
m

B555 g5a0 E565 E57 0
Wawvelength

Fig. 54: Ha line in the rebinned daylight spectrum sun240s_rnpwrm.fit ( 0.01A/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/N'°“.

Calculating the S/N of the normalized spectrum sun240s_rnpwrm.fit at 6500A:
Midas > statis/imag sun240s_rnpwrm.fit [6500:6510]

Midas > comp 0.9602605 / 0.01601359

Midas 033> statis/imag sunZ40s_npwrm.fit [6500:6510]
frame: sun240s_npwrm.fit (data = R4, format = FITS)

area [6500:6510] of frame

minimum, maximum: 9.156953e-01
at pixel (24101),(24154)

mean, standard_dewviation: 9.602605e-01

3rd + 4th moment: -1.10113
total intensity: 90.2645
exact median, 1. mode, mode: 9.638411e-01 9.158202e-01 9.585173e-01
total no. of bins, binsize: 256 2.496911e-04
# of pixels used = 94 from 24062 to 24155 (in pixels)
Midas 034> comp 0.9602605 / 0.01601359
59.96535

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>

1% Guinther 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
I | Note on the camera: The BACHES echelle
spectrograph has been optimized for a CCD pixel size

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

=7\ : 4 , oversamples with its actual 5.4pum pixel size. In 2x2

binning mode, the effective 10.8um 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 EW'' - a
2x2 camera binning with 10.8um 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-
8300M"

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.
' CCD| Kodak KAF-5300
| Pixel Array| 3326 % 2504 paxels
A 1 [ CCD Size| 17.96 % 1352 mm
Taotal Pixels 8.3 millian

Pixel Size| 5.4 x 54 microns square
w0 Py | Full Well Capacity, ~25.500 e
o ™ | Dark Current, ~0.02e.pixelisec at -10C.
- '—-\ Antiblooming| 1000X
Wi \-\ ecifications
3 w J’F “‘-..\ | Shutter| Mechanical
0.12 to 3600 seconds,
. \'\ | Exposure 10ms resolution
™~ Comelated Double Sampling| Yes
" | AID Converter| 16 bits
) N AID Gain| TED (prototype = 0 36e-/ADL)

350 400 450 00 S50 600 G50 00 S0 BO0 250 800 S50 1000 Read Noise| ~3e- rms

Wt F Binning Maodes| 1x1, 2x2 3x3
[ Pixel Digitization Rate| > 1 millign pixels per second
Fig. 56: Technical Data and quantum efficiency of the ST- Full Frame Dewnload| ~7.7 seconds
8300M. Successor with the same sensor is the STF-8300M. | Focus Mode | ~1 secand

" 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
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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 10.8um. BACHES slit width: 25pum.

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.

DESktﬂl:l b Shared WINDOWS: First, please copy the unzipped folder sun8300M to the
e folder Shared.

) BACHES spectra

)sunle03

) sun8300M

A LINUX: Copy the folder to the temporary folder TMP. The folder
Datel Bearbeten - Ansicht Gehezu Les) o)) ,8300M contains the files ff20sav.fit, thar80s.sav.fit, and

* Zurick v 4 1 sun360s.fit
orte v % ort: [/n|
Lesezeichen dame
e
] * |l
[l media *) [l test

=i nroc v »s5un8300M« ausgewa

The working directory:
MIDAS > ch TMP/sun8300M
Listing the contents:

MIDAS > $1s
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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).

*_ff20sav.fit AR ﬂ‘@

Pixel Value

é. |
il

2 500

I

1000 1250 1500

750
Pixel Location Along Y

Vetca ire =] =50 setings |
B |

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!

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.)
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T} » i ’ Bl Fig. 58: ThAr spectrum, average of 10x80s (ST-8300M). The

overlapping orders in the IR (red arrow) limit the semi-

between ca. 3900A and 7600A 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 Ha, order. Clearly visible are Hal, 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 Il K line at ca. 39004, and it ends up in the infrared (lower right) around 7600A. 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)

3934A 3969A BACHES + ST-8300M

EHR RN RN I % E N

R d re
P RUE M ﬁﬂlltltl—-l-ﬁ s F B A SR ES—— i e

L e e M S———————— o ———

S OHDE NS FREET RN IR e S L [ 15 R S EE OERE 18 fAeew  pevs

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 Il lines K and H are well recorded. The spectrum ranges from ca.
3900A to ca. 7600A.
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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

PARAMETERS FOR THIS CALIBRATION:

Flat field = ff20sav.fit

Calibration lamp = thar&0sawv.fit
Calibration table = thar.fit

Num. of orders = 0027

Slit order width = 0020

Slit extraction width = 0020

Offset from center slit = 0.00000E+00
Tolerance on RMS = 1.00000E+00
Polynomial degree = 0004

Threshold = 0002

baches_calib: Do you want to continue [yn] (y)?

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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I ) AU
i “+- 3

= UV: 1. Line

4

IR: 27. Line

0 =St 1000
Fo=sition
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.

Fig. 61: Successful detection of 27 orders. If MIDAS detects less orders or plots slanted lines, try again.
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Successful detection of 27 orders:

Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:
Threshold:

Mumb. of wvalues: 1:Z
Mumb. of wvalues: 1z
NMumb. of wvalues: 12
Numb. of wvalues:
Numb. of wvalues:
. Numb. of wvalues:
306055 MNumb. of wvalues:
.056036 Numb. of wvalues:
.210114 Numb. of wvalues:
.802087 MNumb. of wvalues:
.679852 Numb. of wvalues:
.459802 Numb. of wvalues:
. 739819 Numb. of wvalues:
.080017 MNumb. of wvalues:
.207587 MNumb. of wvalue
.501569 MNumb. of wvalue
.267949 Numb. of wvalue
.803079 MNumb. of wvalue
Numb. of value
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All orders are listed with reliable numbers. Calibration will surely work.

baches_calib: Order identification finished

baches_calib: Do you want to continue [yn] (y)?

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.

seq.no. detected lines

"

| ean
B 1 B B

(BT |
R TR RN A

1
2
3
4
5
6
7
8
9

no. of detections: 2211

baches_calib: line identification finished

baches_calib: if not enough lines, try changing threshold
baches_calib: Do you want to continue [yn] (y)? I

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

Now, successively click at the following lines:
6662.268A in order 33 (1. click top left, 2. click top right)
4609.600A in order 48 (3. click bottom left, 4. click bottom right)
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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.
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Fig. 64: By MIDAS identified ThAr lines.
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The result of the wavelength calibration is listed in the terminal window. 27 orders from ca. 3900A to
7600A, mean RMS = 0.01682A. We recommend frequently saving the contents of the terminal
window in a separate text file by copy & paste.

SEQ.NO SPECTRAL NO.LINES WL START WL END STD. DEV.
ORDER ANGSTROEM

4070.94 .00819 2D SOLUTION*
4144, L0113 2D SOLUTION*
4221. .01450 2D SOLUTION*
4301. .01789 2D SOLUTION*
4383. .02023 2D SOLUTION*
4469, .01812 2D SOLUTION*
4559. .0139¢6 2D SOLUTION*
4652. .01578 2D SOLUTION*
4749, .01937 2D SOLUTION*
4850. .01414 2D SOLUTION*
4955. .01408 2D SOLUTION*
50685. .01862 2D SOLUTION*
5180.4 .02010 2D SOLUTION*
5300. .01906 2D SOLUTION*
5426. .01880 2D SOLUTION*
5559.14 .01468 2D SOLUTION*
5697. .01997 2D SOLUTION*
5843. .02041 2D SOLUTION*
5997. .01429 2D SOLUTION*
6159. .0D1987 2D SOLUTION*
.0119¢6 2D SOLUTION*
.01893 2D SOLUTION*
.01813 2D SOLUTION*
.021980 2D SOLUTION*
01267 2D SOLUTION*
.01688 2D SOLUTION*
.02029 2D SOLUTION*
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1) Minimum number of selections per order : 6
If the number of selections in any order (column NO.LINES above)
is less or equal than the minimum, this order should be checked.

Percentage of identifications among the half brighter lines : 81 %
This percentage must be as high as possible (above 50%). Low wvalues
indicate an uncertain calibration.

Set parameters SAMPLE=0.1316690445 and RIPK=122378&.65625
Process tables are saved

baches_calib: Identification completed after 0010 iterations.
FITS file bachesORDE.fit will have 1 extensions
bachesORDE.thl written to FITS file bachesORDE.fit

FITS file bachesLIME.fit will have 1 extensions
bachesLINE.tbhl written to FITS file bachesLIMNE.fit
baches_calib: Do you want to clean temporary files [yn] (y)7?

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).

a-sigma-cleaned) resoclution power: 2.0928BE+04 +/- 2.15591E+03
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Fig. 66: The average spectral resolution of the ThAr spectrum (thar80sav_wrm.fit). Mean RMS R=20,928 +/- 10%.

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!

Midas 006> indisk/fits ff20sav.fit master_flat.bdf

FITS file: ff20sav.fit converted to: master_flat.bdf
Midas 007> |}
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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
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 0O "sun360s_pwrm.fit -- Wavelength"
"rel. Intensity"

Midas > overplot sun360s_pwrm.fit

011> plot/axes 3800,7600 0,10 0 "sun360s_pwrm.fit -- Wavelength" "rel. Intensity"

012> overplot sun360s_pwrm.fit

10 T T T T

Intensity

rel.
s
T

1 | | 1 1 1 1 |
4000 S000 G000 70O00
sun3e0s_purm. F1t — Wavelength

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 sufficient™. 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:

10 T T T T

Intensity

rel,

4000 5000 6000 7000
Wavelength

Fig. 68: The instrumental function response.bdf

2 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

Intensity
©
@
I

rel.

| L | L L | |
4000 5000 65000 7000
Wavelength

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 4900A and 6850A. 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 Ha

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.

Fle £t Fuves Opmatrs. Soeconehy ey Tosh Amstan Window Crora 1

=L ]

I e LT =

Fig. 70: Normalized and synthesized

color daylight spectrum from 3900A
to 7600A.

Fig. 71: Detail around Ha

from 6530A to 6600A
including telluric lines of
the Earth’s atrmosphere.

I' fi
Il [ I| V
I !

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 Ha line is 6562.839A. The difference from the at-rest wavelength
6562.852A is -0.013A
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5.2.10 Calcium Lines Ca Il K (3933.66A) and H (3968.474) in the UV
Rebinning to 0.01px and plot:

Midas 049> rebin/linear sun360s_npwrm.fit sun360s_rnpwrm.fit 0.01

088> plot/axes 3925,4000 0.4,1.3 0 "Wavelength" "rel. Intensity"
089> overplot sun360s_rnpwrm.fit

Intensity

rel.

0.4 | 1 1 1 | 1 |
3340 3260 3980 4000

Wavelength

Fig. 73: The calcium lines K & H in the solar spectrum. The profile extends to ca. 39004 in the UV.

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

Midas 076> plot/axes 3925,3945 0.7,1.1 0 "Wavelength" "rel. Intensity"

Midas 077> overplot sun360s_rnpw
Midas > center/gauss gcursor ? absorption

Midas 078> center/gauss gcursor ? absorption
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Average of eight measurements of the line center: 3933.52A.

68 Baader Planetarium GmbH © Dipl.-Phys. Bernd Koch



Calibration of BACHES Echelle Spectra with ESO-MIDAS

1 1 1 |
39325
Lawelamnd Fig. 74: The calcium line Ca Il K with
one of eight Gaussian fits (+).

Difference between the measured line center and observed rest wavelength of the calcium K line:
A\ =3933.52A —3933.66A =-0.14A
Note: A Gaussian fit is difficult to manage due to interference from the many other nearby lines.

Gaussian fit of the calcium H line (3968.47A) using the command center/gauss:
Average of three measurements: 3968.562A. AL = 3968.562A —3986.47A = +0.09A
Midas 088> plot/axes 3925,4000 0.4,1.3 0 "Wavelength” "rel. Intensity”

7
Midas 089> overplot sun360s_rnpwrm.fit
Midas 090> center/gauss gcursor ? absorption
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Fig. 75: Three fitted Gaussian profiles. Average of
Wavelength

measured line centers of the Ca Il H line: 3968.562A
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5.2.11 Magnesium Triplet (5167.33A / 5172.68A / 5183.61A)
Midas 054> plot/axes 5160,5190 0.4,1.05 0 "Wavelength" "rel. Intensity"

Midas 055> overplot sun360s_rnpwrm.fit
Gaussian fits (+):

Midas 055> overplot sun360s_rnpwrm.fit
Midas 056> center/gauss gcursor ? absorption
start center pixel_ wvalue

3166.711
5172.010
5182.320

Ln
(4]

0.52480
0.53604
0.51670
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Fig. 76: Gaussian fits, applied to the three triplet lines of Magnesium.

After applying a Gaussian fit, MIDAS calculates the line centers of the three triplet lines and the

difference to the observed rest wavelengths.

A\ =5167.357A - 5167.33A = +0.027A
AN =5172.672A - 5172.682A = - 0.010A
A\ =5183.629A - 5183.61A = +0.019A
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5.2.12 Sodium Doublet (D2: 5889.950A / D1: 5895.9244)

Midas 057> plot/axes 5885,5900 0.4,1.05 0 "Wavelength" "rel. Intensity"

Midas 058> overplot sun360s_rnpwrm.fit

Gaussian fits (+):

Midas 064> center/gauss gcursor ? absorption
start center pixel_walue FivHM

5889.404 10 . 4 1.934 0.49564
5895.674 16 . 2 15 . 94 0.59535

T T T T
1 _
> 0.8 —
2
[42]
5 r i
)
=
D
= L i
0.6 ‘ "‘ |
0. 4 L | L | L
5885 5890 5895 5900

Wavelength

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

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: A\ = 5889.934A - 5889.950 = -0.016A
D1: A\ = 5895.943A — 5895.924A = + 0.019A
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5.2.13 Ha Line (6562.852A)

Midas 067> plot/axes 6550,6580 0.4,1.1 0 "Wavelength" "rel. Intensity"

Midas 068> owverplot sun360s_rnpwrm.fit

Gaussian fits (+):

Midas 069> center/gauss gcursor ? absorption
start end center pixel wvalue FlHM
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Fig. 78: The Ha profile is slightly distorted by overlapping telluric lines.

After applying a Gaussian fit, MIDAS calculates the line center of the Ha 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 Ha line (Fig. 72).

A\ = 6562.814A — 6562.852A = -0.038A
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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.

G. Avila, V. Burwitz, C. Guirao et al., “BACHES A Compact Light-Weight Echelle Spectrograph for
Amateur Astronomy” The Messenger, vol. 129, p. 62-64
http://adsabs.harvard.edu/abs/2007Msngr.129...62A

S. K. Koztowski, M. Konacki, M. Ratajczak, P. Sybilski, R.K. Pawtaszek, K.G. Hetminiak, “BACHES - a
Compact Echelle Spectrograph for Radial Velocity Surveys with Small Telescopes” Monthly Notices of
the Royal Astronomical Society 000, 1-11 (2014)

http://arxiv.org/pdf/1406.2492v1.pdf

R. R. Querel, D. A. Naylor, F. Kerber, “Spectroscopic Determination of Atmospheric Water Vapor”
PSAP, 123:222-229, 2011 February
http://www.jstor.org/stable/pdfplus/10.1086/658285.pdf

G. Gebhard, ,Erste Schritte in ESO-Midas” (2013, in German)
http://www.spektros.de/dred/Midas1S.pdf

ESO-MIDAS User Guide, Vol. B, Data Reduction
http://www.eso.org/sci/software/esomidas/doc/user/

Astronomisches Praktikum Dr. Karl Remeis Sternwarte, Bamberg,
Kapitel 10: Spektroskopie und Spektralklassifikation (in German)
http://www.sternwarte.uni-erlangen.de/~heber/praktikum.pdf

0. Hainaut, “Everything you always wanted to know about MIDAS"”
http://www.eso.org/~ohainaut/ccd/midas.html

L. Wallace and K. Hinkle, “A Solar Flux Atlas for the Visible and Near Infrared”
ftp://vso.nso.edu/pub/Wallace 2011 solar flux atlas/Wallace 2011 solar flux atlas.pdf

M. Clayton, “Introduction to Echelle Spectroscopy” (1996)
http://www.starlink.rl.ac.uk/docs/sg9.htx/sg9.html
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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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