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Workshop on stellar spectroscopy at the college CFG Wuppertal

The student astronomical observatory, on the roof of the college Carl-Fuhlrott-
Gymnasium, in Wuppertal, Germany, is well equipped with six identical
telescope units. We provide astronomy and astrophysics education for larger Schiilerlabor .

groups of students from other colleges and the nearby Bergische Universitaet — AStronomle
Wauppertal.

Equipment: Astro-Physics 9ooGTO mount, Celestron 1“ EdgeHD telescope,
Pentax 75 SDHF refractor, Celestron ED 8o/60omm refractor, Canon EOS 450D
DSLR camera, SBIG STF-8300M CCD camera and lot of accessories.

Special workshops on the topic of stellar spectroscopy are held with six units of
the DADOS spectrograph. Gratings with 200/900/1200 lines/mm are available, as
well as spectral calibration lamps. Tutors: Michael Winkhaus, Bernd Koch

and Ernst Pollmann.

Please look at the report of Dr. Thomas Schroefl of Vienna, Austria,
who attended our October 21-25, 2013 workshop (all pages in German).
http://www.waa.at/bericht/2013/10/20131021sfloo.html
http://www.waa.at/bericht/2013/10/20131022sfl17.html

If you are interested in a workshop, please have a look at our website
www.schuelerlabor-astronomie.de or contact Mr. Michael Winkhaus,
head of the observatory: Michael. Winkhaus@t-online.de

to Mr. Bernd Koch, kontakt@baader-planetarium.de

ui

V3.5E © Bernd Koch | kontakt@baader-planetarium.de — 4



e ——

DADOS SLIT-SPECTROGRAPH TUTORLAJ_ = —

Workshop on stellar spectroscopy at the college CFG Wuppertal

Gu1d1ng Pentax 75 SDHF me
Camera. oo 35 |

'

DADOS v- \-4‘ Cll EdgeH

| —L"" demg
- 8 troller

Interested in a workshop? Please contact: Michael Winkhaus, | Workshop April, 2011
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DADOS & accessories
e &

DADOS

Spektrograph

#2456313 T2 Quick changer
#2456320 T2 Quick change ring

P IV

Canon T2 Ring - : ‘ ) . # 2458556 Blaze reflection
: : grating 9oo lines/mm

#1304110 Kellner 10 mm
guiding eyepiece _
#1304120 Kellner 2omm
positioning eyepiece / #2458550 DADOS
:j slit spectrograph

#2458590 Neon _‘ : S
calibration lamp /

| #2452110 Carrying
A <:| case for DADOS

and accessories

V3.5E © Bernd ium. 6
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DADOS layout

1) 2" Nosepiece ( -> Telescope)

2) Adjustable red LED slit illuminator (incl. two 1.5V LR-41 batteries)

3) 1%4" Slit viewer port for guiding eyepiece (11) or camera
4) 1%4" Stop ring for guiding eyepiece (11) or camera

5) Micrometer adjustment for scanning the spectrum

6) Rotation stage counter spring (do not touch)
7)  Focuser

8) Focuser locking screws

9) Grating angle locking screw

10) Optional goo lines/mm grating

1) Guiding eyepiece for viewing the spectrograph’s slit ’ |
12) Quick changer (optional, but not for DSLR)
13) Focusing eyepiece holder, T2 -> 1%4"

14) 10 mm or 20 mm Kellner eyepieces for viewing a spectrum)

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 7
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Spectrum photography & visual guiding

Allen wrenches

“Los dados“ — The cubes (Spanish)

Adjustable
red LED slit

El glado 1 illuminator
(slit plate) l

2“ Nosepiece
- Telescope

Slit viewer

bly ™= # @
& o S El dado 2

B ' rating) Focuser
b i
% Grating angle locking screw

(pléase loosen this screw before
urning the micrometer
adjustment!)

i , Micrometer adjustment
Guiding eyepiece (spectrum scanning)
(to keep object on slit)

V3.5E © Bernd Koch | kontakt@baader-planetarium.de
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Dado #1, the “guiding port® Slit plate, mirror and slit illuminator

Slit viewing port (guiding port)

Slit plate:
The slit plate contains three slits of different
widths: 25 um, 35 pm, and 50 pm.

Mirror:

The small mirror allows the observer at the slit
viewing port to keep an object’s image exactly on
one the slits.

Slit illuminator:
To be visible against a dark sky background, the
slits can be illuminated by an adjustable red LED.

Slit plate

\

Please note:

Mirror / Don't forget to switch off the slit illuminator

‘ before starting the exposure of the spectrum.
Otherwise the red LED stray light will be
superimposed on the image of the spectrum. To
save battery energy always be sure to switch off the
illuminator while not in use. The illuminator holds

Slit illuminator two 1.5V batteries LR41.

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 10
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Dado #1: Field of view at the slit viewing port

Guiding camera

the guiding eyepice

o
gﬁh‘bﬁﬁ\ﬁ\%ﬂ\

50 um »f=

Guiding eyepiece

Slit viewer
Slit viewer

Slit viewing port

Bright background

2“ Nosepiece

VVVY

resolution

lit illum
Slit illuminator The length of a slit is irrelevant

A\

V3.5E © Bernd Koch | kontakt@baader-planetarium.de

Point the 2“ nosepiece at a bright light source
Look through the guiding eyepiece

Each of the three slits has a different width
The width of a slit is crucial for spectral

11
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Dado #1: Field of view at slit viewing port

Guiding camera

View through the guiding .eyepiece (Simulation)

%‘|\|||\°\‘\‘ i

yonviZ »ed

e Al

Guiding eyepiece

Slit viewer

Slit viewer

o .
Slit viewin ort y
gp T

Pleiades Star Cluster, Pentax 75./ 500mm

»  Central slit (25 um) gives best spectral resolution
*  The 50 umslit provides the brightest visual stellar spectra
*  Spectral resolution is independent of the telescope’s focus
»  Perfect telescope focus maximizes contrast of spectral lines
*  Guiding is possible at the slit viewing port
The slit’s length should be parallel to Declination § direction

2“ Nosepiece

Slit illuminator

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 12
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Dado #1: o CMa (Sirius) close to 25 um Slit (DMK41 - V1deo camera)
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Dado #1: Lunar Spectroscopy — The Aristarchus Plateau (DMK 41)
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Video: Jonas Niepmann /
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Dado #2: The blazed reflection grating

Resolving power A/ A A on camera objective axis and 25 um slit

Grating of 200 lines/mm

Limiting magnitude for a 30 cm @ telescope with S/N 50 and
20 minutes of exposure time.

For the 200 lines/mm grating : my =8
For the 900 lines/mm grating : my =6

=

=

=

Theoretical Measured A (nm) g
396 542 @ 416 =
606 647 @ 616 :"’)
668 723 @ 697 ,.&
Grating of 900 lines/mm §D
Theoretical Measured A (nm) E
2038 2000 @ 371 é
3910 3000 @ 561 a
5376 5000 @ 800 8

<

o)

b

g

O

To avoid damage, please change the grating
strictly according to DADOS user manual. Also be
careful with the tiny set screws and don't touch the optical surface of the grating !!!!

Two blazed reflection gratings are recommended by the designers of the DADOS spectrograph:

< Low resolution 200 lines/mm, linear dispersion 2.16 A/px (0.2 nm/px) @ 6563 A / 5.4 micron pixel

% Medium resolution goo lines/mm, linear dispersion 0,59 A/px (0.059 nm/px)

% Optional: High resolution 1200 lines/mm, linear dispersion 0.46 A/px (0.046 nm/px)

A modified DSLR Camera with an 18 mm x 22 mm APS-size sensor covers the whole spectrum (about 400 nm -
700 nm) only if used with the 200 lines/mm grating. The camera field should be aligned parallel to the
spectrum to minimize aliasing errors due to rotation of the spectrum. This can be achieved by loosening three
set screws at the T2-adapter, rotating the inner T2-ring, and tightening the set screws.

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 15
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Daylight spectrum of goo I/mm grating and 1200 I/mm grating

Mg Triplet  EOS 10D, 900 lines/mm, exposure: 1s

unprocessed
unsharp masking

EOS 1000D, 1200 lines/mm, exposure: 5s

900 lines/mm
Exposure:1s

Unsharp masking

1200 lines/mm
Exposure: 5s

AL =16 Unsharp masking

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 16
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* Daylight spectrum of 9oo lines/mm grating and 1200 lines/mm grating

DADOS 9S00 lines/mm

Spectral resolution 2.5 A
0.75 A/px
I EOS 10D, 7.2um, Bernd Koch

DADOS 1200 lines/mm
Spectral Resolution1.7 A
0.47A/px

o
5
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Dado #2: Grating replacement - Part 1

A.2 Grating replacement

A Attention

Touching the grating will destroy it beyond repair!

Do not attempt to remove dust by breathing or blowing air
onto the grating! Small droplets of moisture and saliva can
permanently damage the grating as well.

Do not use compressed or canned air! This will likewise
transport moisture, grease or propellant onto the grating.

Any exchange of grating holders should always be performed
in clean surroundings, free of dust and static build up.

Arrange your workplace for ensure a quick and clean grating
exchange.

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 18
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38

Have the 900 lines/mm
grating with holder readily
available.

Loosen the grating angle
locking screw (#9) by one
turn only.

Rotate the micrometer
backwards to show an 8mm
setting on the Vernier scale.

Use the 1.5mm Allen wrench
to remove the four hex-head
screws.

e ——

=

Dado #2: Grating replacement - Part 2

Take off the side plate/grating
holder assembly.

Be careful not to
touch the grating.

Release the headless set
screw inside of the pressure
plate by 2 full turns
counterclockwise using the
1.5mm Allen wrench.

Remove the grating holder
from the pressure plate.

Take the 900 lines/mm
grating holder out of the
storage container and store
the 200 lines/mm grating in it.

39

V3.5E © Bernd Koch | kontakt@baader-planetarium.de

19



DAD D S SLIT'SPEIZ':TRDGRAPHTUTORlAL

Dado #2: Grating replacement - Part 3

Place the 900 lines/mm
grating holder into the
pressure plate.

Example of position:

900 lines/mm grating.

Rotate the grating holder to
adjust the proper position in
regard to the markings in the
pressure plate.

Lock the pressure plate by
tightening the headless set
screw clockwise.

# 0| 0e,

Each mark indicates the
pasition of a specific grating.
Be sure to use the proper one
to achieve the optimal

th hput.
1200 ref rougnpu

Carefully replace the side
plate/grating holder
assembly.

Replace and tighten the 4
screws that secure the side
plate.

Example of position:

200 lines/mm grating.

40

41
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Dado #2: Grating replacement — Part 4

Adjust the micrometer to a
Vernier position of

F = Q approximately 2.5.
\’ 1
.‘ ) Lock the grating tilt

J mechanism by rotating the
Q grating angle locking screw

’ \ clockwise.
‘ . ’Q DADOS with grating
o\ 9 A exchanged.

Copyright:
DADOS Spectrograph’s User‘s Manual
by Baader Planetarium GmbH

42
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Diffraction of light (transmission)

Single-Slit Diffraction N
Diffraction is described by the Huygens-Fresnel principle and the principle

of superposition of waves. The propagation of a wave can be visualized by

considering every point on a wavefront as a point source for a secondary

spherical wave. The wave displacement at any subsequent point is the sum b

of these secondary waves. When waves are added together, their sum is |
determined by the relative phases as well as the amplitudes of the individual : —7

waves so that the summed amplitude of the waves can have any value

between zero and the sum of the individual amplitudes. Hence, diffraction

I

patterns usually have a series of maxima and minima.
Reference: http://en.wikipedia.org/wiki/Diffraction#Single-slit_diffraction

Diffraction grating

An idealized grating is made up of a set of slits of spacing d, that must be wider than the wavelength to cause diffraction. When a plane wave of wavelength A
with normal incidence perpendicular to the grating, each slit in the grating acts as a quasi point-source from which light propagates in all directions. After light
interacts with the grating, the diffracted light is composed of the sum of interfering wave components emanating from each slit in the grating. At any given
point in space through which diffracted light may pass, the path length to each slit in the grating will vary. So will the phases of the waves at that point from
each of the slits, and thus will add or subtract from one another to create peaks and valleys, through the phenomenon of additive and destructive interference.
When the path difference between the light from adjacent slits is equal to half the wavelength A/2, the waves will all be out of phase, and thus will cancel each
other to create points of minimum intensity. Similarly, when the path differenceis A, the phases will add together and maxima will occur.

Reference: http://en.wikipedia.org/wiki/Diffraction_grating

Griting sin 5 2
o} Q sm(— sin B) sm(— sin )
|T] [(sinf) = I , Tl
—sin
_J A
i
Diffraction term Interference term
/< of a slingle slit width b of N slits at distance d
Diffraction

InteriGince PaEth Reference: Nos_Monochromatoren_d_BAneu.doc - 2/21
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Transmission grating

First order Zero order First order Second order Third order

0.6

z
%2]

=

]

=
=

0 L.

Maximum intensity in zero order

Disadvantages of a transmission grating

> Light is dispersed among the various diffraction orders, leading to low intensity in the higher ones.
» Transmission losses are due to selective absorption in the glass.
» Maximum intensity is the undiffracted zeroth order.

> A blazed transmission grating will improve things.

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 23
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Blazed transmission grating vs. blazed reflection grating

Although in some cases transmission gratings are applicable or even desirable, they are not
often used. Reflection gratings are much more prevalent in spectroscopic and laser systems,
due primarily to the following advantages:

» Reflection gratings can be used in spectral regions where glass substrates and resins
absorb light (e.g., the ultraviolet).

arating | normal

inciilent lizh

* Reflection gratings provide much
higher resolving power than equivalent
transmission gratings, since the path
difference between neighboring beams
(i.e., separated by a single groove) is
higher in the case of the reflection
grating. Therefore transmission
gratings must be wider (so that more
grooves are illuminated) to obtain
comparable resolving power. -

. . Figure 12-1. Diffraction by a plane transmussion graiing. A beam of

* Reﬂectlon gratlng SYStemS are generally monochromatic light of wavelength [ is incident on a grating at angle a to the
22K d grating normal, and diffracted along several discrete paths {bm}, for diffraction

Smaller than transmission gratlng orders {m}. Theincident and diffracted rays lies on opposite sides of the grating.

SYStemS because the I'eﬂeCtiOIl grating The configuration shown, in which the transmission grating is illuminated from
’ . . the back, is most common.
acts as a folding mirror.

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 24
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Blazed reflection grating

First order Zero order First order Second order Third order

T Y T

-

Intensity

o
o

0 = SIANA e 0 lDIND a

Zero Order First Order

@ Advantages

> The highest efficiency is in first order with the correct
blaze angle.

» The reflectivity is higher than the throughput of a
blazed transmission grating .

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 25
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Blazed grating theory: Definition of parameters

V3.5E © Bernd Koch | kontakt@baader-planetarium.de

GN: Grating normal

FN: Face normal

g: Groove spacing

¢: Blaze angle

o: Angle of the incident light

B: Angle of reflected light

26
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Blazed grating theory

GN: Grating normal

FN: Face normal

g: Groove spacing

¢: Blaze angle

o: Angle of the incident light

B: Angle of reflected light

Additive interference occurs when the total path difference A of light from
adjacent slits (S1) and (S2) is an integer multiple of the wavelength A:
The phase is then the same, so the beams’ intensity add.

Path difference of incident beam: A, = BA' = g sin a,
Path difference of reflected beam: A, = AC = g sin 3

A=mA=A -A, =g (sina-sin ) withm =o, +1, + 2 ... (Grating equation)

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 27
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Blazed grating theory

GN: Grating normal
FN: Face normal

: A, g: Groove spacing

2 ¢: Blaze angle

Y A A o ot
P_ ) @) B: Angle of reflected light

O- . .
Grating equation:  mA=g (sina—sin ) = A==(sinx—sinf)
m
Derivative with respect to f3: dA__gcosp
dp m
d m
Angular dispersion: di = Tl
dx d m
Linear dispersion: |—|=f|—|=f ——— “f“ is the focal length of the objective lens
: dA f|d/\ fgcosﬁ 1 i =
x—p « 1 . mA
: = =———arcsin —sin «
Blaze angle: b 5 ) ( = )

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 28
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Calculation example: DADOS with blazed 200 lines/mm grating

Data Entry:
Celestron Ci1
Telescope aperture: 280 mm
Telescope focal length: 2800 mm
Grating groove density: 200 lines/mm

: 1
Groove spacing g = - mm

Total deflection angle: a + f = 90°

Central wavelength: 1 = 520 nm = 5200 A =

Diffraction order : m = 1
Slit width: 25 um
Camera: Canon EOS 450D

B ———

30 | Slit width 25| micron=s
31 Target Mag. 12,0
o 32 SiénalmuiseéSNR 3?|
SimSpec Results: ; n

Angle of incident light: a = 49.22°
Angle of reflected light: | 5| = 40.78°
Dispersion: 2.05 A/px

Spectral resolution: 13.62 A at 5200 A
Resolving power: 382

Blaze angle: ¢ = 4.22° = 4° 13’
Linear dispersion: 394.37 A/mm
Length of the spectrum: ca. 8 mm

%
e-ipixel
e-isipixel

secs
secs

pixel

photons/cm2/siA
photons/cm2/siAs arc sec
%

e-ipixel

e-ipixel

e-

e-jpixel

e-pixel

A B 5 1] F G H {l K
1 |SIMSPEC V4.0 english version, by Ken Harrison , original version by Christian Buil Latest Revision: Apr 12
2z
3 Enter data in highlighted cells [ |
4
5 Spectrograph Camera
6 |Diameter (D) 280| mm Collimator pixel sizel (p): | Szﬂ'ﬂmlcruns
7 | Focal length (f) : 2800(mm Colimator-Focal length (f1) 80 mm number of X pixels(Nx) : 4,
8 F/D (F#) : 10,0 Collimator-Required Focal ratio (Fc) 10,0 quantum efficiency (1) : =4
9  Central obstruction (g} : D,i' Collimator-Minimum diameter (d1) 3,0 mm Read noize (RON) : 138
10 Telescope throughput (To) 0.9 Resolution of Collimation lens-FWHNKo 15| microns Dark noize (Nd) o1
11 Camera Binning, X axis (f.) : B
12 __ Seeing/ Atmosphere Camera-Focal length (f2) mm Binning, " axis (fy) 1
13 |Seeing (§) : 2" Camera-Distance to grating (T} : 140 mm Sampling Factor : 6,647
14  Atmospheric transmission (Ta) : 0‘75' Camera-Minimum lens diameter (d'2) 41 Tmm Exposure
15  Sky magnitude (mag/arc sec"2) 18] Camera-Maximum focal ratio (Fo) 23 Subs, exposure time (ts) 300
16 Star size at focus (FWHIM): 27, 1] microns Resolution of Camera lens-FWHMe : 18] microns number of subframes (n) : 12
17 Total exposure time (t): 3600
18 Colimator/Camera -Total angle (7) Spectrum sizel spread
19 MOTES: Slit width (w) : microns Heiaht of Spectrum (n) 12]
20 See www .astrosurf.org/builus/spe2/hresoll.htm Grating
wiww . astrosurf org/builus/stage/calcul'd us.htm Grating-Lines!/ mm {n) : Target Star
22 _(explanatory notes and worked example) Grating-Diffraction order (k) 1 Magnitude (mj) : 12
23 Grating- Minimum height ( E.U‘ mm Effective temperature (Te) 10800
24 SUMMARY Grating- Minimum width (V 12,2 mm Bolometric Correction (BC) : —D,I
25 Resolving power R 382| Dispersion (p):  2,05[A/ pixel SNR
26 Spectral resolution 13,62| A Resolving power (R) : 382 l_ Signal/Noise (SHR) : Bﬂ
27 Wavelength range 8761 A Spectral resolution (AL): 13,62(A Limiting Ma
28 |Grating-Lines/ mm 200 Dispersion (r) 39,4 |nm/mm Limiting Mag.(Bowen-mod):
29 Grating-Diffraction order 1] Vravelength Range
Reference wavelength (L0} 5200]A EOS 450D: 185,19 px/mm
Lambda min g20(A
Lambda max. (.2) | §580|A
Wavelength range/ image frame: 8761 [A SHR Calculations
34 Number of photons (E):  1,63E-02
35 Other Results Throughput efficiency Sky background(Ed) : 4 09E-D4
36 Angle of incidence (c Transmission efficiency- guide system; 1 Final Efficiency (R} : 0,12
37 Angle of diffraction (B Transmizeion efficiency -Littrow mirror: 1 Useful signal (Nmy) : 8896
38 Anamorphic factor { microng Transmizzion efficiency-Collimator lens (To) : 0,92 Background noize (Ne) 131
39 diffraction limit grating, FWHMd : microns Transmizzion efficiency-Camera lens (Tc) 0,92 Noize(g) : 237
40 e width on CCD, FWHMt : Transmission efficiency-Grating (Tg) D,g' SignalMoize by interval &b : 96
4 Entrance slit ransmission(TT) 0,71 Noise from Signal 895
42 [Total Transmission of Spectrograph (Ts) : 0,36 Noise from Elsctronics - 216
43
44
45
45 REVISION:

47 V4.0 - April 2012
43 W3.3a-Jan 2012
43 V3.3 -May 2011
50 W3.2c-Oct 2010
51 V3.2b-July 2010
52 W3.2a -April 2010

New layout. Added Data Page. Updated comments

Collimator focal ratio et to match telescope. Camera focal ratio no longer an input.

Corrections to the equation for FWHMt ( incorrectly calculated for slit=star)

-5lit width now in micron

Transmission efficiencies added for guider and Littrow mirror

- Fixed slit width v's star size for resolution calculation. Based on CAOS data
-SHRcalculations amended to follow CAOS formulae

-Bowen magnitude now based on spectrum width and units corrected.

http://www.astrosurf.com/buil/us/compute/SimSpec_V4_o.xls
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N~

Energy saving lamp ORMALIGHT gW - DADOS with 200 lines/mm grating

i

I
i1

B . T t t T
0 2500 5000 7500 10000 12500

% 1st Order m = 1is most efficient. Can be used for stellar spectroscopy from 3500 A to about 10,000 A with
an ultraviolet and infrared sensitive CCD camera.

% In that case be careful: 1st order in the infrared beyond 8500 A overlaps the 2nd order! You may check this
by taking the sun's spectrum (daylight spectrum) with your camera. A DSLR camera modified with a
Baader UV/IR cut filter is only sensitive between roughly 4000 A and 7000 A.

* Higher Orders than the first can be used for spectroscopy only in a smaller wavelength range. But the

higher spectral resolution is bought dearly due to low efficiency. A grating with goo lines/mm or 1200

lines/mm is recommended to achieve higher spectral resolution.
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Spectrum of Energy Saving Lamp (ESL) ORMALIGHT 9W

Ce3* / Th3+:CeMgAl;;0;9 Fluorescence lines of Eu3*:Y,0;

Mercury Hg |
(Excited by Hg I UV line 254 nm) (Yttrium oxide doped with Europium)

404,6565 nm
= 533,45 nm
— 546,0750 nm

580,3782 nm

— 541,15 nm
_I~ 576,9610 nm
— 579,0670 nm
P
— 587,6 nm
- 593,4 nm
— 599,7 nm
— 611,6 nm
631,1 nm
- 693,7 nm
- 709 nm
— 712,3 nm

1 707 nm

. — 687,7 nm

S— —  435,8335 nm
“ — 650,8 nm

DADOS 200 L/mm & EOS 450D (mod.)

Weblink to article on fluorescent substances (2003): http://www.electrochem.org/dl/interface/sum/sum03/IF6-03-Pages48-51.pdf

o

Ormalight 9W

()
v 2ed

@ Nicht geeignet fir Dimmer
@ Not suitable for dimming

T—

I

118190081

8”713 1”
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Stacking/calibration of stellar spectra

» Stacking & calibration of spectra obtained with a DSLR camera
+ If you already have a DSLR camera, please practice with it by recording a
daylight spectrum (= solar spectrum, G2V)
+ Cheaper than any CCD camera with a similar “big“ sensor (APS-C)
+ Easier handling than a CCD camera
+ LiveView mode for easy focusing at a bright light source, e.g. ESL
+ You can easily find your way through the spectrum (red/blue)
+ Easy identification of spectral features due to color
+ Autodark improves SNR at the cost of exposure time
- Low signal-to-noise ratio images
- Low sensitivity at less than 4000A means the Ca II lines are barely visible
- Non-modified DSLRs have low sensitivity above 6000A

> Stacking & calibration of spectra obtained with a cooled b&w CCD camera
+ Sensitive from about 3500A (“Balmer Jump" at 3646A) to about 10000A (IR)
+ High signal-to-noise ratio images
+ Separate dark frames useful (dark frame library)
+ No need for a color camera: Synthetic color spectra can be created with Vspec
- Difficult to handle for beginners in astrophotography and astrospectroscopy
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Stacking/calibration of stellar spectra from a Canon DSLR camera

T [%] Ho
YA
100 c— ca. 98%
80 - Baader BCF filter
] Canon filter
60
|
=40 -
S
£ ca. 25%
<20 -
E
g 0 v T — T T v T T T _1/| >
200 400 600 800

Wavelength [nm]

http://www.baader-planetarium.de/sektion/s45/canon_astroupgrade-english.htm
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Exercise 1: o Orionis (Betelgeuse)
Date 2010-12-15

Pentax 75 SDHF / 5o0omm

Canon EOS 450D (Baader BCF-Filter)
ISO 800

Spectrograph: DADOS

Grating: 200 I/mm

Spectral resolution: 12 A @5500 A
Scale: 2.1 A/Pixel

Betelgeuse: Spectral Class M2lab
Apparent magnitude: 0.7 mag

Set of 11 spectra, each 8 s exposed
Darkframes: not used

Flatflields: not used

Images: .../Betelgeuse_200L._2010-12-15/
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Stacking/calibration of stellar spectra from a Canon DSLR camera

o Orionis (Betelgeuse), M2Iab

DADOS 200 lines/mm, Canon EOS 450D (BCF filter)

Improved SNR (signal-to-noise ratio) due to stacking
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 1: Image Browser - Check the quality of spectral images

Step 2: Fitswork - Download and check settings

Step 3: Fitswork - The stacking process: Create an averaged color spectrum
Step 4: Fitswork - Rotate, crop, convert to monochrome spectrum & save

Step 5: Visual Spec (VSpec) - Spectrum calibration (w/o instrumental response)
Step 6: Visual Spec (VSpec) - Visualize Profile as synthetic (color) profile

Step 7: VisualSpec (VSpec) - Spectrum calibration by instrumental response and
calculation of the effective temperature of Betelgeuse from its spectrum

Step 8: Visual Spec (VSpec) - Visualize profile as a synthetic (color) profile
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 1: Check the quality of spectral images in an image browser
Dataset: .../Betelgeuse_200l._2010-12-15/1_Spectra_JPG/

- Note the image numbers of the perfectly imaged spectra with regard
to exposure time and sharpness of spectral features. Ignore imperfect
spectra!
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Stackmg/ calibration of stellar spectra from a Canon DSLR camera

Step 2: Spectrum stacking with Fitswork

* Download Fitswork at http://www.fitswork.de/software/softw en.php
 Start Fitswork

File Processing Image Combining Settings Window Help

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 38


http://www.fitswork.de/software/softw_en.php

e ——

DADOS EiLIT'SF’EC‘_.TRDGRAPHTUTORlAL

Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 2: Spectrum stacking with Fitswork -> Settings

Load lSave ] Ik ath ] Image I:Iisplay] Variuus] Suz Load Save lMath ] Image display] ‘\-’aliaus] Sys ]

[v Show Image Preview Save FITS Files as: Estention of FITS Files:
~ . ) . o
[ Corvvert Calor Images to YUV after Loading S letd At it f« =Fit
W Loading and Saving FITS Files: Flip | " 32bitInteger
L' B x
oading and Saving les: Flip Image e ~ *Fis

Camera Faw:

T Deleyas e s ss JPEG Qualiey: 100 | [Chrl + J]

PMG Lozsless Compression: |9 r

[ Dont BGE Scale not Debayered Raw Images
: 0.9 [Higher -» Better Compressian, Slower)

Scale TIFF Images Automatic [

Load ] Gave Math |Image di&play] Varinu&] Syz ] Load ] Save ] Math  Image display l\iariuus] Syz ]

General Interpolation Method . o )
 Lingar & B £ MoHalo Automatic Histogram Scaling
" MNeuronal [slow] " Lanczosd Black: f’é

Wihite: 99,99 % from Hiztogram
Image Divizion and Multiplication [v Scale Result [ztandard]

v Scale PSF Images: Automatic M CRERE S R (9l

Hotpizel Removement in Image Subtraction: Sigma 4.0 [~ Adjust Gamma on Images with mare than 3 Bit
Metwork Initialization: Bandom (1.0
Automatic 200 FFT Interference Filter: Sigma 2.0

20 FFT outer Border for reducing Artefacts: 8 | Pixel
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 3: Fitswork - The stacking process: Create an averaged color spectrum
Dataset: .../Betelgeuse_200L_2010-12-15/2_Spectra_raw_images_CR2

File = Batch Processing

*- Fitswork

File Processing Image Combining Settings Window Help

chards ombining
g“"' IF Image Registration
Make User Raw Format

Last Processings

Exit Program

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 40



g ———

DADDS SLIT'SPEC_:TRDGRAPH TUTOR'AL

Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 3: Fitswork - The stacking process: Create an averaged color spectrum
Dataset: .../Betelgeuse_200L_2010-12-15/2_Spectra_raw_images_ CR2

1. Step of Processing [sic] 1. File = Select first raw image file
o 2. All files in folder
EEE 1. Step of Processing 3. Press right arrow button to proceed
L Sreci s Soeciy Fies 1 o
=l e B~ e

1L274KB M
1L.279KB M
11.276 KB  MaxIm DL Image
11.278 KB MaxIm DL Image

Destination File
Al Files in Folder
Start File
D estination File =
; 11.266 KB MaxIm DL Image

-+
I R2
JEUSE R2
R EUS
® etelgeuse_07.
2 ) ™ Betelgeuse_08.
b igene Dateien - beteigeuse_03.
etelgeuse_10. 1L.273KB  Maxim DL Image
iy T Betelgeuse_11.CR2 1L278KB Maxim DL Image
( v Al Files in Falder .
Arbeitsplatz

L Image

<)
-
Netzwerkumgeb
ung
< >
Dat [Betelgeuse_01.CR2 =] Offnen
Start LCancel Datstyp: [Pl Fomats =] Abbrechen
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 3: Fitswork - The stacking process: Create an averaged color spectrum
Dataset: .../Betelgeuse_200L_2010-12-15/2_Spectra_raw_images CR2

2. Step of Processing [sic] > Add to destination image - Planet/Moon
- Crosscorrelation > Number of Marks = Function: Mid. (means average)
= Press start button

Batch Processing

@ E E 2. Step of Processing

1. SPECIFY FILES o

Start File  C:Dokuments und Add to Destination Image ¥
EinstellungentastrofotohD esktop Betelgeu

se_200L_2010-12-15%2 Spekira, raw,_ima MermalsC r Special |

ges CR2\Betelgeuse_01.CR2

Destination File Shift Estimation: Edge:

Al Files in Folder  Edoe Detection lﬂ

2 ADD TO DESTINATION IMAGE % of white
Crogzcomelation

Mumber of Marks 1
Function  Mid.

4 [Crosscormelation is better, but slower)

MumberEF 4 ale .
ol czoCM | VLt
Function

{ Add [ Min f‘Maxl"MedilﬁSigma

LCancel
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 3: Fitswork - The stacking process: Create an averaged color spectrum
Dataset: .../Betelgeuse_200L_2010-12-15/2_Spectra_raw_images_ CR2

Draw a tight frame around the first spectrum

Skip bad images which are not properly focused or exposed

Load the next frame (“Ok, go on")

Check if the area is marked (yellow frame is still in place)

Go through all images with or without controlling image quality

The final image, the stacked spectrum, will be saved after a while as “Result_image.fit“
Create a new folder “3_Results” and save copy of “Result_image.fit"

“3_Results” is your new working directory

S A A L

B R e Add to Destination Image

click afterwards on "0k,

goon'l Skip Image

...w_images_CR2\Betelgeuse_01.CR2

[~ No more Controlling Cancel ‘ Pause Cancel

Please note!

The quality of the final spectrum depends

on recognizing spectral lines in each single image.
Spectra with short exposure times, and
consequently low contrast, may not

stack properly.
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 4: Fitswork - Rotate and save again as “Result_image.fit"

Rotate “Result_image.fit“ to achieve a perfectly leveled spectrum
Processing = Image Geometry - Rotate image with Subsidiary Line

File | Processing Image Combining Settings  Window Help

—= Add Borders Ctrl+R | - Fla, Exit
= | 00 P Of- 1% n

Resize Image Ctrl4+G

[2\Result_image.fit

3% Pixel Arithmetic Rotate Image with Subsidiary Line
Sharpen Filter =
Blur Filter

Badkground Flatten

Correct Image Distortion
Shift Image

Imagesize ¥2 hi-f tri
Video Imagesize %2 hi-f tri Backpropagation
B Bayer Interpolation Imagesize %2 hi-f sinc
Spedal Filter Imagesize x2 MM directdial FW
f"h FFT 4 ﬁ Imagesize %2 Meuronal Netwark

More Functions »
=% Train Neuronal Metwork for Resizing

Expand Image to RGB
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 4: Fitswork - Rotate “Result_image.fit“
- perfectly leveled spectrum

. Plgase mark a line exactly along the spectrum —
with the left mouse button

* then - Ok & Whole Image /\ /

W Cut off Image ... and zcale back

an obligue Line, then click Ok.
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 4: Fitswork - Crop & save

|Hesuﬂ_image_-:u:ulu:uur_1 Gbit fit

FITS

-~ Draw a yellow frame around the spectrum
- Cut off > Save as “Result_image_color_i6bit.fit“

File Processing Image Combining Settings J
& < W | 5P . n AL || Bt
= LG I S o e

** C:\Dokumente und Einstellungen\astrofoto\Desktop\Betelgeuse_200L_2010-12-15\2_Spektra_raw_images_CR2\Result_image.fit
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 4: Fitswork - Convert to black & white image and save

Processing - Color image to b/w (luminance)

File | Processing Image Combining Settings Window Help
E‘: Add Borders Ctrl+R 400% RGE RGE D [ =S _Ei—'t
) i AT
Resize Image Ctrl+3
C: Image Geometry @ Results\zweite Fassung Mittelmed\Result_image_colour_16bit.fit g@ g|
2 Pixel Arithmetic

Sharpen Filter
Blur Filter
Background Flatten
Color Functions
Video

B Bayer Interpolation
Spedial Filter

g FFT

More Functions

Adjust Colorlayers
}iﬁ Split Color Image to 3 B/W Images

Color Image to B/W (Luminance)

Color Image to B/W (Luma)

¥ C:\Dokumente und Einstellungen\astrofoto\Desktop\Betelgeuse_200L_2010-12-15\2_Spektra_raw_images_CR2\Result_image.fit

|Hesuh_image_mc:nn_1 Ghbit fit

FITS

Zoom: 70% _ Size: 1592 x 347

Save as 2 “Result_image_mono_16bit"
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: VisualSpec (VSpec) - Spectrum calibration

» VSpec Software Download:
» Please note: VisualSpec accepts monochrome 16 bit files only

-4 Visual Spec

File Edit Format Operations Speciromeiry Tools Assistant Window Options ?

| & EH O=2 [zss8: &2 130 30 (A/pixel)

FEE) | 4F || = 6=vaisSom =58

|~/ intensity j )@‘” |l blue ﬂ =TT T Q % E }s\’\ JEAPN- 4 5 &R LE EZQ C|)

= X

g Result_image_mono_16bit.spec

“

| 173985 Y
]

F 115900 £
%]

4l

AN

| 57905 A
&}

100 200 300 400 500 500 700 800 200 1000 1100 1200 [sa00 1400 1500 &

N
oo
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Stacklng/ calibration of stellar spectra from a Canon DSLR camera

Step 5: VisualSpec (VSpec) - Spectrum calibration without correction for
the instrumental profile

Betelgeuse: Result_image_mono_16bit

Create a spectrum profile = Identify spectral lines = Calibrate wavelength

\‘ ul{\ \J\ \/. ,.'-,"“-""“w/\ﬂ'-.\

2 > \
al "~__Raw profile
S

A
sl
4390 4480 4570 4660 4750 4840 4930 S020 S110 S200 S290 S380 S470 S560 5650 5740 5830 5920 6010 6100 6190 6280 6370 6460 6550 6640 6730|6820 6910 7000 7090 7180 7270 7360 7450

“Continuum
Normalize intensity to “1 Measure Doppler shlfts or Equlvalent Wldths (EW) of 11nes

’ '%
m Mo s A il AR A o A Y At R
AN Ao, " oA A o Ny

14V, / { V {f

V

Al
| {
ol l‘ |

6562.3253
4861.450) 5892.5233

«_«¢

Spectrum profile normalized to “1

7360 7450

6190 6280 6370 6460 6550 6640 6730 [6820 6010 7000 7090 7180 7270

70 S830 5920 6010 6100

5560 5650 574

0

S020 5110 5200 5290 5300 54
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: VisualSpec (VSpec) - Preferences

51 Open VSpec

5.2 Options = Preferences >
Working directory “3_Results”
Image - .fits and Profile = .spc

Preferences...

T Spectrum T Atmosphere T BeSS5(1] T BeSS (2)

Betelgeuse_final_spectrum.
continuum.spc

Result_image__wavecal_n
Result_image__wavecal n
Result_image_color_16bit.f
Result_image_color2_16bit
Result_image_mono_16bit.
Result_image_mono_16bit_
Result_image_wavecal.spc

= \|
:Ii::::llgrgy Language T References T Header T Continuum
e beteigeuze summenspektiu Image
=4 Dokumente und Einstellungen | beteigeuze summenspektru
£ astrofoto Beteigeuze Summenspektn

" pic [*.pic)

Profil

" fits [%.fit)

Cancel ‘ 0K |

5.3 File > Open image: “Result_image_mono_16bit.fit*
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: VisualSpec (VSpec) - Create a spectrum profile
5.4 Profile extraction = All set to “Auto” - OK - Close

| =

= el (& &
_Xf -?L;EI %O%W:ﬁ E:.fnllcg} a%
=

O x;¥v | 1548; &

‘ ; >1utu:u
pectrur position 183

1 239 Y2 158

[ Tilt angle

@utu Heigth IF ill

Sup1 |p Ik
Sup Y2 |p Imf 2
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: VisualSpec (VSpec) - Save the spectrum profile

5.5 Press | E1 to display pixel positions and intensity

The result is a spectrum profile with (x,y) = (pixel positions, intensity).

“Tilt": Spectrum is not perfectly leveled (angle -0.01°), so the spectral lines are
not perfectly perpendicular. This has no measurable effect on the calibration.

5.6 Save “Result_image_16bit.spc*

Due to a different stacking procedure and color conversion, the spectrum
intensities on the following pages differ somehow. This has no effect on the final profile
as it is being calibrated (continuum removed or instrumental profile used).

E Result_image_mono_16bit.spc

Tilt

b1;
b2 a3

angle: -0.01 7

173985
F115950

57995

100 208 300

400 500 &00 700 g00 200 1000 1100 1200

Pixel

\g&: 1400 1500
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Identification of spectral features

5.7 Print the raw profile and note the wavelengths of precisely known spectral lines of a star of similar class

a Ori (Betelgeuse, Class Mzlab)

\
\( 5371,49 ' : )
| | Fel \}I ™M Wi
125/ '5270 .
FeIEU Fel | W/ \Iﬁw
Crl Cal 5893 1’ V \
| Na D N oA ) 5|2 . lk”‘m.r-ﬂ
J 5889,95 Ve ope, \
A 5895,92 \ﬁ

2

telluric \
/A

A

1400

fi
[ Antares o Sco 3
486133 @ M1b1sb ¢ e -
== 2 m
It : o
E o

BWOU01ISY JNaleWy J0) sepy o1doosonoads

350

Suggested reference: Spectroscopic Atlas for Amateur Astronomers, by Swiss amateur astronomer Richard Walker
http://www.ursusmajor.ch/downloads/spectroscopic-atlas-4.0.pdf
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) -

From pixel to Angstrom: Wavelength
calibration of the x-axis

5.8 Calibration multiple line WTH|) =i o e § oV ™
\Elibratinn multiple lines | L' i (

|9

5.9 Save as > “Result_image_wavecal.spc*

H peteigeuze Summenspekirum mono.spe N lambda | raie | pimel d_lambda | alc
3 4861.33 1 352.5258 00181
5125 2 4210345 01733 Belia
5270 3 5498752 03745 r Lambd
II | Lasg) 5371.49 4 595.4293 0228 o
n B © iieiek ban | o Demed
111111 ; "\‘Pj \(J k [h ",:(\.r. -"\'l" (\/ E " Dears 2
AP ™ - o
68480 || ]F( l}l’u_ v ;,f'lv E B Do
sss20 N | | \ —— -
V| T s371,40 ) ) e - .
L 142560 ||| | )J\( | Fel U Y Wi 5
N
129600 Msw. (15270 W )
] fJ Fe ISL( Fel | \ 'F\UIN‘»M\ Jll.a "'\.."M"x
116840 ‘UI. N cri! ca ?‘869; L " &L
; | oA VA
L 103680 ATV el ¥ 6562,82 b U
! 5889,95 62 \
Loo720 _‘hr_."‘ 5895,92 |
/ \"l
760 f N w
[ I A
4200 [/ 4861,33 \
) o HB _ [ \
sied0 A tellurico,
. \
38880 it . Y
a Ori (Betelgeuse, Class Mzlab)
T i
950 / l.’\\'
‘Lf‘:}" 1400 R
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tacklng/ calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum extraction from the raw profile

5.10 Compute continuum

208680

191290 Auto Planck...

Compute flux of reference star...
173900 Compute absolute flux..

156510

139120

86950

69560

55555

34780

17390

4570 4840 5110

a Ori (Betelgeuse, Class M2lab)

5380 5650 5920
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum extraction from the raw profile

5.1 Press “point/courbe[sic]* set 20 to 50 points (actually green crosses) along the continuum (upper limit)

“
. G
a Ori (Betelgeuse, Class Mz2lab) |-
ke
91290 5
4 G 2
I K A
000000 | ol =4 &
+ { =
+.‘ -
HA
555555 | ‘
M Frvnd At
111111 + i
\ "
j JA
111111 + +
r +
T+ /
¥ H\ ot
4 +
) |
86950 Y
il
69560 '
+ +
+
33333 +
+
¥ o
J MA
17390 “ +
H‘— 4570 4840 5110 5380 5650 5920 6190 6460 6730 7000 7270
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum extraction from the raw profile

5.12 Press “Execute®. The resulting continuum is the orange-red line

V{sunl Spec [bemgeuze .enspela.mm mono wavecal.: spc]

a Ori (Betelgeuse, Class M2lab)
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Stacklng/ calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum extraction from the raw profile

5.13 Edit > Replace - Intensity

e F@rmat Operations Spectrometry Radiometry Tools Assistant Window Options ?

g b Ctrl+C
Paste Ctrl+v

= Fitint Apply format Ctrl+B

; 7526.17 I [7s63.198 3f2.1832 (A/pixel)

Clear Maj+Del
Suppress Del
‘ Replace
20868 op
Pixel...
1line
Header Ctrl+H
191290
173900
156510

-139120

121730
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum extraction from the raw profile

5.14 Save as = Continuum.spc

000000
111111
000000
111111
111111
111111

000000

66666
55555

33333

11111 K/ oﬁ
5380 5650 5920 6190 6460 6730 7000 7270
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 5: Visual Spec (VSpec) - Continuum division

5.15 File 2 Open profile 2 Continuum.spc and “Result_image_wavecal.spc*
5.16 Highlight the window “Result_image_wavecal.spc*

£ im age_result_wavecal.spc |Z| |E| El

B 5

Bl E » ~» & 5

[1E

x L

B Er-bO&EN 1
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum division
5.17 Operations = Divide profile by profile = Click on: continuum.spc = intensity

rae

= e & D O =71 [ 33 ; 4500.96 I [eessa 161 F2.1532 (As/pixel)
|~/intensity j é‘}"lb\ue j TR TR a2 QX S| e L Prg S N ) 0 & E LA Ei] [{

| - [B]x]
‘A
i3}
£
K]
E- |
N
@ | = Selection d
&
f/’w @ | Divizion image_result_wavecal zpc inbBwibcontinuum. spe intensity
= - [B]x] Infoz
AN continuum, spe 2153177 b /piel 0K
N e =ity de 4302.87 &
8 — image_result_wavecal = 5 7541.254 Cancel
E ] intersity
£ [ Momalize and replace
|
\
A
=
& L1 »
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - Continuum division

5.18 The “green profile® is the result of division. Now, prepare to save the result:

1502 ; 7538.75 I |e1a796.5197/2.1532 (A/pixel)
= Division M R R T T TR = s N = UL LY P e T

zzzzzz
zzzzzz
2 350
|
Il ‘, .

sssssss
7777777
111111
ssssss

555555

,,,,, a Ori (Betelgeuse, Class Mzlab)
: |

V3.5E © Bernd Koch | kontakt@baader-planetarium.de

=

62




DADDS SLIT'SPEGTRDGI}’AFH TUTORIAL

Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 5: Visual Spec (VSpec) - The normalized profile of Betelgeuse
5.19 Edit = Replace - Intensity
5.20 Save as = “Result_image_wavecal_normalized.spc”
''''''' a Ori (Betelgeuse, Class Mzlab)
N
il
|
L

MA
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 5: Visual Spec (VSpec) - The normalized profile of Betelgeuse
5.21 Indicate middle area with left mouse button to become “1“ in intensity
5.22 Press button “Normalize® A

) { is553_ @6

e a Ori (Betelgeuse, Class M2lab)
‘ Mormalize
I
L

WA

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 64



N~

DADOS SLIT-SPECTROGRAPH TUTOR'AL

Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 5: Visual Spec (VSpec) - The normalized profile of Betelgeuse

5.23 Result: Wavelength calibrated and intensity normalized profile of Betelgeuse
5.24 Save as “Result_image_wavecal_normalized to 1.spc*

a Ori (Betelgeuse, Class Mzlab)

MA
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 5: Visual Spec (VSpec): Calibration summary

. = : aaa)
Raw profile R
| e )
a ‘l;‘v. N | J‘ 5
Wavelength F
calibrated
*4 8 5 0 450 ]
Pseudo continuum _|
(tobedivided) = ——""——"—"—"""F—/7—— =,
Normalization to “1“ WMy e ol kel ST Y
P A VA WA A A 7 | ‘\llﬂt o
) v ‘ iyt (1 v | ] ! R I :
> Final result, but - ‘ |
not corrected for the
instrumental profile a Ori (Betelgeuse, Class Mzlab)
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 6: Visual Spec (VSpec) - Visualize profile as synthetic profile

6.1 Tools - Synthese[sic]: Creates a synthetic black & white spectrum

[+ intensity | % [mbie _H pepam |2 HQAEE | L2 2]l § 5 LR
= es

a Ori (Betelgeuse, Class M2lab)

~MA

(VNN 111 1 00 01 R II\IIIIHII
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 6: Visual Spec (VSpec) - Visualize profile as synthetic profile

6.2 Synthese[sic] = Colorer[sic]: creates a colored synthetic spectrum

a Ori (Betelgeuse, Class Mzlab)

HB Mg Triplet Na D Ha AA

" e T el o e ) e sy (=3

V3.5E © Bernd Koch | kontakt@baader-planetarium.de 68



f _%gHT:gEgcTRUGRAPH TUT : RIAL__-Z

Staclghg/ calibration of stellar spectra from a Canon DSLR camera

Comparison of spectral resolution of Betelgeuse spectra:
DADOS 200 lines/mm and goo lines/mm

200 lines/mm

5890A - 5896A 900 lines/mm

Na D well resolved
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Stacklng/ calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

Betelgeuse: Result_Image_mono_16bit

Create a spectrum profile = Identify spectral lines = Calibrate wavelength
AR {\ 1} M _‘,\A_J/' \
ol W Mt a ™
,v,'-vh l IAJ » . AP _—
Ml T LSS L SN

AT Betelgeuse\"iSi*aQe (Mz2lab)

el

4390 4480 4570 4560 4750 4840 4930 5020 5110 5200 5290 S380 5470 5560 5650 5740 5830 5920 6010 6100 6190 6280 6370 6460 6550 6640 6730|6820 6810 7000 7090 7180 7270 7360 7450

E W\\“\ WJM

! ,
A~ TN S i

Final, calibrated spectrum profile
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

7.1 File 2 Open profile & “Result_image_wavecal.spc”

a Ori (Betelgeuse, Class M2lab)

9999999

0000000

-------

555555
EEEEEE
------

------

>0

-----
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Stacklng/ calibration of stellar spectra from a Canon DSLR camera
Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

7.2 Assistant = Instrumental response [sic] assistant
7.3 Pickles = Press on green arrow button = Open “m2i.dat“ (= Class M2lI)

Suchen in: | I LibSpec

[

= [nstrumental r nse assistant N : : : :
_ . 2 aOiii.dat gaiv.dat k3iv.dat m7iii.dat
image_result_wavecal spc ' gliv.dat g@v.dat k3v.dat migiii. dat
[Dpt“:'nal] 5 pectral t_'r'F'E Zuletzt gU'u'.dat kiiii . dat kdi.dat mdiii. dat

"er“'e"fe*e D.. qZi.dat kOiv.dat kil dat = mav. dat mm 10ii.d
?_[' gdiv.dat kOw.dat kav.dat . rn3ii.dat rfgw.dat
g2v.dat k0ii,dat ksiil.dat m3iil.dat rfav.dat

Desktop gSi.dat ki dat kSv.dat m3wv.dat rgQv.dat

Search spectral type on SIMBAD

Select reference spectium

o+ Pickles . . . . . .
I ~ ~ _ = gsii.dat = ktiv.dat = k7v.dat =) i dat = rgsii.dat
’_} = gsii dat = kzi.dat = k34ii.dat =) mv.dat = rg5v.dat
(aptional shit ' asiv.dat kil dat miii. dat mii. dat rkOii. dat

Eigene Dateien gov.dat k2v.dat mOv.dat m5v.dat rkov.dat
§ =) g8i.dat = ki dat =) m i dat =) miii. dat [ rk i dat
g’ gsiii. dat k3l dat m1v.dat mév. dat rk2ii. dat

Arbeitsplatz < | 3

W avelength zhift

Rezponze

Divizgion and extraction

Save ‘Fg Dateiname: m2i dat -] Offnen
Save responze in file: Metzwercumgeb  Dateityp: |dat {*.dat) j Abbrechen
ung

|rep|:|nse | Schreibgeschitzt offnen
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

The red profile is the reference spectrum of a star of similar spectral class

-+ Visual Spec - [image_result_wavecal.spc]

“
v
B x] o
calsp =
c
type 155
i =]
F ]
N
A
]
[ I shift
Wavelength shif | ]
Response
Division an d estraction ﬂ
Save
Save response in file: =
rrrrrrr
Ly
0.5
‘w }\a/ A
5
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

7.4 Press button “Division and extraction®
Result: The is the (unsmoothed) instrumental profile

= Visual Spec
di

mat Operations Spectrometry Radiometry Tools Assistant Window Options ?

File Edi
= 4 @@ E Dt [1s0s s 7ss6.05 T fpeos ser
AL

£ image_result_wavecal.spc E”E

image_result_wavecal spc
[optional] Spectral type
Search spectral type an SIMBAD ﬂ
Select reference spectum
{* Pickles o
e e .
[optional shift
Wwavelength shift ﬂ
Fesponse
Division and extraction @
Save
Save responze in file: ﬂ
|reponse
W

MA

84 5110 5380 5650 5920 6190 6460
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

7.5 Smooth the instrumental profile. Press button “point/curve” % 4|4
and set about 60 along the continuum

a Ori (Betelgeuse, Class M2lab)

nnnnnn

555555
111111

555555
222222
777777

JJJJJ

" % o
55555 ’ 7M/A
.
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Stacking/calibration of stellar spectra from a Canon DSLR camera

RIAL

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

7.6 Press button “OK" and press “execute

=+ Visual Spec
File Edit Format Operations

i AE o=

nnnnnn

333333

nnnnnn

555555

111111

333333

ssssss

222222

777777

a Ori (Betelgeuse, Class M2lab)

MA
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

j ""q}” |I blue ﬂ

7.7 Erase graphic Jﬁ'@”| = Edit & Replace: Intensity [ intensiy
7.8 File = Save as = “response.spc”

-------

77
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile
7.9 While “response.spc” is still open:

File > open profile = “Result_image_wavecal.spc(please highlight)
7.10 Operations = Divide profile by profile: Sefect “intensity” (below response.spc)

K

E B @ E O =1 [ 276 ; 4894_99 I [104930_6834 2.1532 FPixel)

TPi
|~/intamswly j J{Tllblue j Bop oo | A Q2| e oL St et G | E s E <>

H B =13

B E>» ~D0EN D 1

inH
"]
=)

B > kDR & [

&, Selection

Division imagel result_wavecal spc inbBsitresponse.spe intensity

2153177 A/pivel
de 430287 A

0K
& 7541254 T

™ Momalize and replace
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

Result: The

is the calibrated, true spectrum profile of Betelgeuse,

corrected for instrumental profile

7.1 Close “response.spc®

=+ Visual Spec
File Edit Format Operations Spectrometry Radiometry Tools Assistant Window Options ? \
H| a8 E O=1 [z7s ; 2891 59 T [104930.6837/2-1532 (A/pixel)

|‘§ Division

j"@'|lgreenF j Bop g [ QAAE | L2 et § A EER| P

image_result_wavecal.spc

B E > 2BEOFEN | 1

- S(=1E3

P E > 2O & 1
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Stacking/calibration of stellar spectra from a Canon DSLR camera
Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile
The must be converted to a blue profile, before it can be saved

7.12 Erase graphic & —> Edit = Replace: Intensity

7.13 File = Save as = “Betelgeuse_final_spectrum.spc”

333333 a Ori (Betelgeuse, Class M2lab)

ssssss

111111

nnnnnn
nnnnnn

222222
nnnnnn

zzzzzz

MA

8o
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

7.14 Use left mouse button and select area around 5500A

555555

444444

333333

000000

ssssss

222222

000000

111111

a Ori (Betelgeuse, Class Mzlab)

MA
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Spectrum calibration by removing the instrumental profile

€C_««¢ ".‘_1|_

7.15 Normalize to 1: Press button “1°_—
7.16 File & Save as = “Betelgeuse_ final _spectrum.spc”

a Ori (Betelgeuse, Class M2lab)

MA

82
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Using the spectrum to estimate temperature

7.17 Calculation of the effective temperature of Betelgeuse from its spectrum
We assume thermal radiation of a black body according to Planck’s Law.

Radiometry - Auto Planck (black line)

A Planck spectrum with T, r=3000K (best fit) [ e

T=5500K
is fitted by VSpec: > [re_am -l i 5
800 - 1z
|
18
a Ori (Betelgeuse, Class M2lab) “1 L ol 1z
| E | =
lf"l “|. ‘Iln 2 | §‘
. | n"‘lu"j-'xll‘.‘lﬂf = F ool i go
A TRt T=4500K £
| | 4
&
200 k- T=4000K _ E
| (]
T=3500K l E
0 i L I 1 L I 1 1 I 1 L L 1
0 500 1000 1500 2000
A [nm]
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 7: Visual Spec (VSpec) - Using the spectrum to estimate temperature

~.18 Wien's law

29000 103A - K

max ~

Ters

Amax : Wavelength of the maximum of the assumed black body emission

Tesr : Effective Temperature [K]

a Ori (Betelgeuse, Class M2lab) l

|
VSpec result: T, rr=3000K (black line) - Apax=9700A f“
(officially adopted value T s r=3450K) ; I

I\ /! ‘\
|

B

"

‘ "
]
d'

ﬁw
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 8: Visual Spec (VSpec) - Visualize profile as synthetic profile

8.1 Synthese [sic] > Creates a synthetic black & white spectrum

a Ori (Betelgeuse, Class Mzlab)

FEX

7000 7270
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Stacking/calibration of stellar spectra from a Canon DSLR camera

Step 8: Visual Spec (VSpec) - Visualize profile as synthetic profile

8.2 Synthese [sic] = Colorer [sic] > Creates a synthetic color spectrum for presentation

- ‘pixel) i {5500.03 ; 5543.1 | 43.06
 intensity N R i T T T s R O R e oy P g e S N K

a Ori (Betelgeuse, Class M2lab)

N betelgeuse_final_spectrum.spc: intensity DE®X
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The solar spectrum

A A 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400 6600

f,’;; EOS 450D (Baader BCF filter)

1,5
1,25

1,00 MW./ ﬂ‘\"\h
0,75

0,5
0,25

0,00

: Hot
Hy HP Mg I Fel Mg I Na I Cal 5 Telluric O . -
4340.47 Fe 4861.33 516ﬁ|.32 5328.00 5528.40 5889.95 €102.72 2 .

4688.00 [I

Fe I Mg I Na I
4957.60 5172.€8 5895.92
Mg I

5183.60

4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400 6600

DADOS goo lines/mm and DSLR camera Canon EOS 450Da (BCF). Paper by Tom Schnee and Johannes Schnepp (CFG Wuppertal, 2012
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The solar spectrum

3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000
M M M M M M M M x 2 M . X
L
\,w Y Py ALccd 5.2 CCD Camera
f IR
‘ VW A . v . ML i oy
AL Mgl M b pomi ™\ ™ |t N TP
A \‘r’w‘ il | W | o ‘W\" MY | A A |V VL AR L M n anenr o TV W e \ M
W WY\‘ ‘ JN“ Ir»U I J "ﬂ l‘ l'\‘ H %"‘1\‘%’“\“‘&' LA W\ a”‘ Y o'n | | | "i A Wy iRy WY Vi (V" WV
HI. ‘ " Fe 1 Mg 1 cax 'l
Baimer- \‘ ‘\" Ha H \ 4957.60 FaI 562840 BOR7-00 l
Seriengrenze l{ | 4101.74 ARSI 'sqxslz,eo $328.00. Fo I £305.02
| | | NI T 5753.38
Ca II Fa I 5476.91
3968.47 4688.00 Mg 1 Na T
| - 5889.95
9
3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000
x M L M M . 2 5 M 2 . . A
DADOS 900 L/mm und ALccd 5.2 CCD-Kamera. Spektrum: Tom Schnee und Johannes Schnepp (2012) }\, / A
6200 6400 6600 6800 7000 7200 7400 7600 7800 8000 8200 8400 8600
M M 2 2 M M M M M M M M M
m P i g H IM% I AN
' ""\ N "\I.,'l,‘“ \| l1l\w N " (" ‘ “vi !
W AR A A AW Sy AT M, ’Ih ‘\4 I “ I AWy " (
PP e o AR i Mo, I . .
W' | \ “ v ‘ |
ca1 f \ \ |l.‘ Ca 11
6162.00 | | \' 8498,07
| [
i | | ¥ - call
6562.82 | '\ Absorption 8542.02 ‘
\/ 4 Call
Telluric O Fraunhofer B H.0 Absorption ——— 8320-8385 8:62.93
Slon.72 6260.40 " ey 7166 - 7394 S Abuorption. |
B G067 - 6944 Al 7594 - 7684

DADOS goo lines/mm and ALccd 5.2 CCD camera. Paper by students Tom Schnee and Johannes Schnepp (CFG Wuppertal, 2012)
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Cahbratlon of spectra with a Ne/Xe plasma tube ectronic

Ne 5852.4878

.
Conrad Electronic g z
Ne 5881.8950 =l 2
bt o
Ne 5944.8340 ) o
Ne 59755343 Xe 82316336 Xe 8280.1162 2 g
dasSima i1ubpe e/ Ae Ne 60299960 E E
Ne 6074.3376 Ne 703241
Ne 6096.1630 &
Xe 4500.978 Ne 6143.0627 g
Xe 4524.6805 Ne 6163.59 E
e Xe 6182.420 2
Xe 4582.7472
e 45 Ne 62172812
Xe 4624.2756 Ne 62664952
Ne 6304.7893
Xe 4671.2258 Xe 6318.062
Blend Xe 4690.970/Xe 4697.0208 Ne 63344276 g
Xe 47341518 Ned3629914 2
- Ne 6402.248 o
Xe 4792619 Xe7119.508 :
Xe 4807.0190 Xe 6469.705 Ne 7173.9380 I~
Xe 4829.708 Ne 65065277 g
Ne 6532.8824 %
Xe 4843.2034 o 65329 L - :
Ne 6598.9528 e 72451665 o taos
Ne 6678.2766 (Xe 7284.34) R
Ne 6717.0430 Xe 7393.793 + Xe 7386.003 =
- Xe 6827315 Ne 7438.8970
Blend Xe 4916.51/Xe 4923.152 e 688219 Ne 74885712 Xe 7967,342
He 50282734 Ne 692914672 Ne 7535.7738
Xe 6176192 Xe 7642.024

Ne 54005616

o

4400 4500 4600 4700 4800 4900 S5S000 5100 5200 5300 5400 5500 5600 S700 S800 S900 6000 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000 7100 7200 7300 7400 7500 7600 7700 7800 8400 8800 8900

Spectrograph: Baader Planetarium DADOS 200 L/mm and CCD Camera SBIG ST-8300M. Title  Atlas of Reference Spectra for RSS
Dispersion: appr. 24 /px. Identification of spectral lines & Calibration of Xenon Spectrum Observations
45004 - 50284: [Kniazev, 2009] Author(s)  Alexei Y. Kniazev
SALT_Ref_2252AA0001_v2.0.pdf (fir Xenon
Ne/Xe-Plasma Tube: www.conrad.de/ce/de/product/591136/Magic-Plasma-Roehre-Lichteffekt? queryFromSuggest=true. Doc. number: 22524 A0001
Version 2.0
. D: Iufouuazion Date July 12, 2009
Note: Blended spectral lines can be Lines Levels sl SRR Bbbowsly oy ate v
lved with a high-res grating and NIST Atomic Spectra Database Lines F Reywords: - Heference spectia
resolve g g . 4 tomic Spectra Database Lines Farm . Approved David Buckley (Ast Ops Manager)
then also be used for calibration. L N
. Signature: ate
The wavelengths of observed lines of = O T LT
lesz | | ABSTRACT
groud state Xenon (Xe I) and Neon (Ne I) e . In this document current version of SALT atlases of reference spctra is pro-
. A~ sented. Spectra of Ar, Cudr, Ne, ThAr and Xe lamps are collected and iden-
have been obtained from NIST Database - ] fr . BSSs-t o Fi st e v s s with (e
http://physiCS.niSt.gOV/PhysRefData/ASD/lineS_fOt‘m.html]. wavelengths. Calulated accuraces are also shown.
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Cahbratlon of spectra with a Ne/Xe plasma tube

ectronic

Ne/Xe Plasma Tube (Conrad Electronic)
4400A - 58004

Bernd Koch 2013-09-16

Xe 4500.978
Xe 4524.6805
Xe 4582.7472

Xe 4624.2756

Xe 4671.2258
Blend Xe 4690.970/Xe 4697.0208
Xe 4734.1518
Xe 4792.619

Xe 4807.0190
Xe 4829.708

Xe 4843.2934

Blend Xe 4916.51/Xe 4923.152

Xe 5028.2794

Ne 5400.5616

4400 4500 4600 4700 4800 4900 5000 5100 5200 5300 5400 5500 5600 5700 5800
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Calibration of spectra with a Ne/Xepiaéma tube from Conrad Electronic

Ne 5852.4878

) k)
= (=]
Ne 5881.8950 = ]
Ne 5944.8340 Z §
Ne 5975.5343 Xe 8231.6336 Xe 8280.1162 % @
Ne 6029.9968 = >
Ne 6074.3376 Ne 7032.41
Ne 6096.1630 &
Ne 6143.0627 o
Ne 6163.59 2
Xe 6182.420 =
Ne 6217.2812
Ne 6266.4952
Ne 6304.7893
Xe 6318.062
Ne 6334.4276 £
Ne 6382.9914 S
Ne 6402.248 Xe 7119.598 §
Sy
Xe 6469.705 Ne 7173.9380 N
Ne 6506.5277 §
Ne 6532.8824 =
» Xe 8346.8217 2
Ne 6598.9528 Ne 7245.1665 Xe 8409.1894
Ne 6678.2766 (Xe 7284.34)
Xe 8206.336
Ne 6717.0430 Xe 7393.793 + Xe 7386.003
Xe 6827.315 Ne 7438.8970
Xe 7967,342
Xe 6882.15 Ne 7488.8712
Ne 6929{4672 Ne 7535.7738
Xe 6§176.182 Xe 7642.024

G AU WL WL, UL

5800 5900 6000 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000 7100 7200 7300 7400 7500 7600 7700 7800 8200 8400 8800 8900
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Nova Delphini 2013: Discovery August 14.8174 UT

ok
.

DELPHINUS / PRRAL
. 3

i

/
B

Altair ‘/._“ Coathanger

PNV J20233073+2046041 (or Nova Delphini Nova
2013)is a brightéy star in the constellation From Wikipedia, the free encyclopedia
Celphinus. twas discovered on 14 August

2013 by amateur astronomer Koichi ltagaki in _ _ o o .
A mova (plural novae or movas) is a cataclysmic nuclear explosion in a white dwarf, which causes a
Japan, and confirmed by the Liverpool sudden brightening of the star. Movae are notto be confused with other brightening phenomena
Telescope on La Falma. The nova appeared such as supernovae or luminous red novae. A nova is caused by the accretion of hydrogen on to the
with a I'I'I:Elgl'li'[LIIjE § 8 when it was discovered surface of the star, which ignites and starts nuclear fusion in a runaway manner. Movae are thought
) 11 to occur on the surface of a white dwarfin a binary system. Ifthe two stars are close enough,
and peaked at magnitude 4.3 on 16 August.” material can be pulled from the companion star's surface onto the white dwarf.

For other uses, see Mova (disambiguation) and Novas (disambiguation)
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Nova Delphini 2013: August 16, 2013

2013-08-16 | 23.22 UT - 23.55 UT | mid Exposure August 16.985 UT | 0.3m aperture, f/7.8
f=2340mm | SBIG ST-8300M | Baader RGB Filter | Nova maximum: Aug. 16.45 @ V=4.3 mag
Image & Processing: Bernd Koch, Sorth/Germany
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Nova Delphini 2013: 2013-09-05.9 UT

Spectrum: DADOS 200 lines/mm & SBIG ST-8300M CCD camera | 0.3m Telescope
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Nova Delphini 2013: 2013-09-05.9 UT
Calibration with a Ne/Xe plasma tube from Conrad Electronic

Spectrum: DADOS 200 lines/mm & SBIG ST-8300M CCD camera | 0.3m Telescope
Ne/Xe plasma tube in front of the telescope, and spectrum superimposed during exposure.
Note the changes in spectral resolution due to the different slit widths.
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Nova Delphini 2013-09-05.88785 UT

Calibration with a Ne/Xe plasma tube from Conrad Electronic

Nel7245.17 —— [
:
i

Ne 16678.28 ——|
Nel703241 ——
Ne 1743890 —
Xe 17642.02 ——
Xe17967.3427 —|

Ne15852.49 —

©
2
8
&
2
1]
2

s
=

Xe 111742236 777

Kalibrierung mit Ne/Xe-Plasmarohre [1] und NIST Atomic Spectra Database [2]

[1] www.conrad.de/ce/de/product/591136/Magic-Plasma-Roehre-Lichteffekt? queryFromSuggest=true.
[2] http://physics.nist.gov/PhysRefData/ASD/lines_form.html Bema Rushagieiieto
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<¥ nova del 2013 9x120s spektralfaden 16bit-stretched wavecal continuum.spc: intensity

|
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A

Ha

WW”MJ\WW‘WWW W | WMN\J\M M

P Cygni Profile

2013-08-19] 20.01 UT - 20.33 UT | Mid-exposure: August 19.84722 UT | DADOS 200 lines/mm
Stacking: FITSWORK with 9 x 120s | Calibration: VisualSpec

Ha
The expansion velocity v, of the nova‘s envelope is
calculated by the P Cygni profile method, measured at Ha:
A km
Vy = AO Co = 1005 T
AL = 22.04, 1, = 6562.824, ¢, = 299792 X2 4%=52_4)A
S Absorption Emission

Ref.: www.ursusmajor.ch/downloads/analysis-and-
interpretation-of-astronomical-sp.pdf
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P Cygni Profile

2013-08-19] 20.01 UT - 20.33 UT | Mid-exposure: August 19.84722 UT| DADOS 200 lines/mm

Stacking: FITSWORK with 9 x 120s | Calibration: VisualSpec

The expansion velocity v, of the nova‘s envelope can
also be calculated by the broadening of the emission
lines, measured at Hat:

FWHM _km
AO €= S

vr -

FWHM = 26.7A, Ay = 6562.824, ¢y = 299792 ="

Ref.: www.ursusmajor.ch/downloads/analysis-and-
interpretation-of-astronomical-sp.pdf
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Nova Delphini 2013-08-19/23 & 2013-09-05 summary

All spectra taken with DADOS 200 lines/mm with 0.3m Telescope by Bernd Koch

Ha

19.8.2013 | 20:07 UT - 20:33 UT

[0I] 6300,304A OI 8446A  23.8.2013|22:30 UT - 23:00 UT

|
.00&*0 ) ) . .

HI 4861,33A HI 6562,85A 5.9.2013 | 21:03 UT - 21:40 UT

Nova Delphini database: www.astrosurf.com/aras/novae/Nova2o13Del.html
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Spectroscopy of Be star y Cas

Celestron 1 + DADOS goo lines/mm + STF-8300M CCD camera
Pentax 75 + 2x-Converter + DADOS goo I/mm + STF-8300M CCD camera

Spectrum recording & video camera guiding: MaxIm DL, Win XP/7 32-bit tested
Set y Cas on the middle of the three slits (25 um) for highest resolution

The slit's length should be parallel to Deklination () direction

Center spectrum on Ha by turning the micrometer adjustment

Keep exposure time well below the saturation level of the sensor (is ... 60s)
Guiding: Video camera Skyris 274M / TIS DMK 41 or else

Number of images per spectrum: Minimum 20. Save in folder: “gamma Cas"
Expose 20 darks of same exposure time and sensor temperature: Folder: “darks"
Optional: Flat fields with auto darksubtraction. Folder: ,flats”

Dark/Flat calibration with MaxIm DL, stacking with FITSWORK

Spectrum calibration with Visual Spec (VSpec).
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Spectroscopy of Be star y Cas
p Py Y -

Celestron 11 + DADOS 9o00/200 lines/mm + EOS 450D (ISO 800, Autodark)
Pentax 75 + 2x-Converter + DADOS 9o0/200 lines/mm + EOS 450D (ISO 800)
Spectrum recording & video camera guiding: MaxIm DL, Win XP/7 32-bit tested
The slit's length should be parallel to Deklination () direction

Center spectrum on Ha or HP by turning the micrometer adjustment

Keep exposure time well below saturation of sensor (1s to about 60s)

Guiding: Video camera Skyris 274M / TIS DMK 41 or else

Number of images per spectrum: Minimum 20. Save in folder: “gamma Cas"
Stacking with FITSWORK

Spectrum calibration with Visual Spec (VSpec)
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Spectrum of Be star y Cas

=, Non linear calibration

Liste de raies -

lambda ] raie [ pixel ‘ d_lambda | T Caledl Y
B475.5 1 310.0547 0.0835

648386 2 3212712 01201
5171 3 367.2144 00488 — Dela
Load | |6586538 4 4661803 -0.015 Lambda
. B504361 5 4762353 00488 Dece ;
Save " Dege1
" Degie 2

y Cassiopeiae (circled) is found in the middle of the "W~

Observation data
Epoch J2000 Equinox J2000

(¢ Dege3

Reset " Degre 4 [

e e crsorgadi Calibration with telluric H20 lines
Declination +60° 43 00.2984°"]
Apparent magnitude (V) 2479 i

Characteristics
Spectral type B80.5 vel! s
U-B color index ~1.08%2!
B-V color index —0.1514
Variable type Gamma Cas

Astrometry

Radial velocity (Ry) -6.81% kmis

25.171"] mastyr
-3.92!" mas#yr

Proper motion (p)

Parallax () 5942 0.121" mas
Distance 550 10 ly /\
(16823 pc) . . , 11 1 l 1

D Telluric lines A \\ Telluric lines
Mass 1932015 Mg i P RN, P , N/ e D
Radius 1081 R & \\/\/ - ﬁ/\\/
Luminosity 55,000 L
Surface gravity (log g) 3500 cgs . H 24 O
Temperature 30,900[73 K

http://en.wikipedia.org/wiki/Gamma_Cas

Rotational velocity (vsin ) 3001 km/s

480 6500 es20 s

Date: 2011-04-19.882 UT | Ci1 EdgeHD (0.28m aperture, f/10). DADOS goo lines/mm grating. CCD camera Alccd 5.2 (QHY6).
Single exposure: 120s. Average of 20 exposures. Darkframe subtraction, no flatfielding. Spectral resolution 2.3 A at 6563A. Calibration with
VisualSpec (telluric H20). FWHM=7.9A, EW=-23.4A (6520A-6605A), RV=-5.2 km/s. Spectrum obtained at a spectroscopy workshop at the
College CFG Wuppertal/Germany. Calibration & results: Bernd Koch
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Details Zeta Tauri

Tau Spectrum of Be star £ Tau
Mass 1.2 Mg
Radius 550 Ry s g, (R
Luminosity 4,169%1 1 E o
Temperature 15,5001%1 K '.V -
Rotational velocity (v sin i) 125" km/s
Age 22.5+267 1yr .‘v‘:"

{TauB S s
Mass 0.94 Mg

Location of { Tauri (circled)

Other designations Observation data

123 Tauri, HR 1910, HD 37202, BD+21 908, Epoch J2000.0 Equmix 420000 (ICRS)
FKS 211, HIP 26451, SAO 77336, GC 6985.1% Constellation aurus
- : i f = Right ascension 05" 37™ 38 6854251 1]
Declination +21° 08' 33.1588"1 "]

Apparent magnitude (V) 3.01012
Characteristics
Spectral type B2 Illpezz:
U-B color index —0.749%
B-V color index _0.16412

Astrometry
Radial velocity (Rv) 201 knvs
- Proper motion () RA: +1 78! mastyr

Dec.; -20.071" masiyr
DaralaX ) 7.33+0.82!" mas

Distance approx. 440 ly
(approx. 140 pc)

orbit!*!
Period (P) 132.987 days
Semi-major axis (a) 1.17 AU

Eccentricity (e) 0.0 (assumed)

Ne I 6506.5277A Ho Ne I 6598.9528A (oot terode 32

Argument of periastron 0.0 (assumed)®

Ne I 6532.8824A o

Semi-amplitude (K1) 7.43 kmis

{primary)

Date: 2014-03-10, mid-exposure 23.30 UT| 0.3m aperture, f/10. DADOS 1200 lines/mm grating.
CCD camera SBIG ST-8300M, total exposure 3x300s with darkframe subtraction, without
flatfielding. Spectral resolution about 1.49 A. Calibration with Xenon/Neon plasma tube and
VisualSpec software. Image processing & spectrum calibration: Bernd Koch
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Spectrum of Be star £ Tau

IR L A AR T e
Spectrum calibration VisualSpec

e

sl

larnbda | raie | piel | d_lambda |
402248 1 1276513 0.
) ESOES2E 2 1503.454 00034
DADOS 1200 lines/mm §532802 3 156068 0.0039 ~ Dela
. §508.953 4 1703958 -0.001 Lambds
SBIG ST-8300M, 1x1 Binning E717042 5 1958988 0. Dege
; " Degre 1
o . " Dege 2
(o [Dege 3
- (" Degre d
T Ho intensity in the red (R) and
|

violet wing (V) of the Ha line

Ne I 6506.5277A
‘i\ Ne I 6532.8824A

6535 6550 6565 6580 6595 5610 6625 6640

Date: 2014-03-10, JD 2456727.386 | Spectral resolution: 1.5A | Radial velocity v=30.9 km/s
EW=-3.9A (6540A-6590A) | V/R=1.00 | by Bernd Koch and Ernst Pollmann
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Spectrum of Be star £ Tau

° 4 (Poll) 10{2000-0312001 @ (Poll) 1212001-0412002 4 (Poll) 0112003-0412003
Poll) 0812004-0412005 + [Poll) 08{2005-0412006 * Stober
1g | Vv toRmonitoring oo el g
. A A * T:izagml.e <] D:s:ou: AM:::Iaire
o ‘ D [SP:II] 08!2(.)07-0‘"20“ l;gal:icki guall:)
@f @ Gorodenski * Koch
& A =
<&
1.5 o & . P
& s
o
% 3 i
12 | L % w0 o
o 2 b
o
S 2 Fiy é. = 3 +
=] .
Tog | " A ) E %
P A Qbo % i Py _q: g %
W
- P O £
— =
0.6 o 5 & g I
8 :
_._‘é
: J
0.3 1 1 1 1 1 1 1 1 L
48000 50000 52000 54000 56000 58000

JD 2400000 +

Multi-epoch Near-Infrared Interferometry of the Spatially Resolved Disk Around the Be Star { Tau (Schaefer et al., http://arxiv.org/abs/1009.5425)
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Spectrum of { Tau, spectral class Be

30 %
I é
2 Ia H : i -
|| L % b
_ . o s I .
20 C N %
2 S ¥ 3 o "5 %
p— 4
'S Pxmed . i £
7 " m
215 .
< b 8
; - " 4 Heidbg./Ondrejoy & Pollmann(Grating) (£ 3%)
i ‘ .' ‘ ™ & Stober (+ 3%) m Guo et al. i'o
1 0 i - = # : o Fortaine et al. & Sletteb Reyn.
| : * Andrillat/Fehrenbach © Pollmann(Prism) (+ 3%) -
.- n Schanne (* 3%) O Mauclaire (+ 3%) 5
O Hanisch (Prism) (£ 5%) @ Blicke (+ 3%) :E
u @ Desnoux (£3%) @ Kalbermatten (£3%) i Go-
3 r + Guarro (+3%) & Buil [£3%) Z;
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Spectroscopic binary star § Aur

i B @]
S audau /pixel
[“inensiy  ~] & 5 Q %% 1| W AL A2 Wt d - 7 d
= =13
5
\’ | At A Ay | W‘“’WWWWWW““-wmw :
1 ‘ ‘ | ‘} j | L' W Hl 1 ‘ﬂvh ﬂfm ; H l" w" ‘ ' l!l\\ ,J‘W" :
\ |

M Lot AL
iy \ L i | m‘. A | i
| | ‘ ‘ { \ ( J \ “a 1 w“ \‘ "f =

Date: 2014-03-14.817 UT | 0.3m aperture f/10 | DADOS 1200 lines/mm grating | 120s exposure
CCD camera SBIG ST-8300, 5.4 Micron Pixel | Spectral resolution 1.5A | Calibration and creation of a
synthetic colour spectrum with VisualSpec software| Image and calibration by Bernd Koch
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File Edit Format Operations Spectrometry Radiometry Tools Assistant Window Options ?

S| la @ Ox1 [21827 ; 49042 1 fLo1 30.05 (A/pixel) {7ie459.37 ; 4790.62 | 331.2%
[+ intensity omoe ]| B owm | REQEE AL 2SS 2l

£ beta aur 03 cropped wavecal pseudocont resample.spc

@

2014-03-14.817 UT

4490 4520 4550

¥ beta aur 03 cropped wavecal pseudocont resample.spc: intensity.

Line splitting A4 approximately 1.9A in the covered spectral range due to Doppler shift caused by the stars’
combined rotational velocity v. A1/A = v/c. c = 299792.5 km/s, average: v = 126.3 km/s + 6.2 km/s
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Project: Emission nebula M42
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DADOS 200 lines/mm. 0.3m Telescope
Central slit, 25um
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Stackmg & full calibration of spectra taken by a STF-8300M "CCD camera

In an upcoming release, the subject of stacking and full calibration of spectra
obtained with a monochrome CCD camera will be described. Stay tuned ....

a Lyr (Vega) — Spectral Class AoV

2013-10-22 | 17.40 UT | Exposure time 10s (with Autodark)| DADOS 200 lines/mm | SBIG STF-8300M |
Student astronomical observatory at Carl-Fuhlrott College in Wuppertal/Germany | Credit: Thomas Schrofl

Visual Spec -
Syrthese 22.10.2013,17.40 UT
HaEfE 0w oo e z.oss (pieed) DADOS 200L/mm & SBIG STF-8300M
[~ ternty _J % |- e |5 W R BQABD L2 ey % v s Schiilerlabor Astronomie CFG Wupperml
[ vega_tosec_td absalut.spe ‘Mit Referenzspektrum flusskalibriert -0
e
@)
i A O
WA %
BRI
| R 1=
I | A
sl ‘ ‘ ‘ | ‘ ."'”\ E
i | H b 2
I - A
| M >~
. % =
| | ‘ \\-,\
| HeHs ‘ “""\m_\ Telluric lines (Earth‘s atmosphere) g
25 / Hp A~ e~
| s Jud
¢°)
Vi
Ja]
W vega_10sec_1d absolut.spc: intensity :
O
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Stacking & full calibration of spectra taken by a STF-8300M CCD camera

In an upcoming release, the subject of stacking and full calibration of spectra
obtained with a monochrome CCD camera will be described. Stay tuned ....

=@ Yisual Spec

File Edit Format Operations Spectrometry Radiometry Tools Assistant Window Options ? DADOS 200 lines/mm & SBIG ST-8300M (Bernd Koch)

E | L& @ E oO=xa [ 2179 ; sas1.2 T [ﬁ Af2.1648 (A/pixel) {"i5440.03

; 6106.77 | 666.74

I?spcg&H ﬂ@'lﬂgreen L||zl-y_:.a.|.é.a.!.a.|‘- *Q%@’Mw!—» "',A.‘.OAVJJHE&!Q)

atair 1x1 -20c 60-004 wavecal-pseudocontinuum-normiert.spc

-iL20

a Agl (Altair) - Spectral Class A7V

H3 Balmer series L o Telluric lines
40 Hs  Hy , (Earth‘s atmosphere)
He
Calll-K
3933.66A \
| | 4465 5230 5995 | 6760 7525 8290

2013-09-13 | 19.20 UT | Stack of 10 x 1s exposure time 10s (Autodark)| DADOS 200 lines/mm | SBIG ST-8300M
Image and calibration: Bernd Koch
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References & recommended reading
by Bernd Koch

DADOS Spectrograph’s user manual

Richard Walker’s astronomical spectroscopy

Spectroscopic Atlas 4.0 [11'487 KB]
Practical Aspects of Astronomical
Spectroscopy 2.0 [4209 KB]

Analysis and Interpretation of
Astronomical Spectra 9.1 [5'330 KB]
The Spectrum of Quasar 3c273 1.2 [745

KB]

Atomic Emission Spectroscopy 2.0 [4983
KEB]

SQUES RELCO 5C480 Calibration Lines
2.0 [2210 KB]
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http://www.baader-planetarium.de/dados/download/dados_manual_english.pdf
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References & recommended reading
by Matthew Buynoski

“Introduction to Astronomical Spectroscopy” by Immo Appenzeller

ISBN 978-1-107-60179-6

Wonderful little book by a master of the art of spectroscopy, and contains interesting topics
(atmospheric dispersion compensators, volume phase gratings, etc).

“Observation and Analysis of Stellar Photospheres” by David Gray

ISBN 978-0-521-06681-5

Parts of this book are highly technical and suitable only for those with physical science degrees,
but other portions of it, describing equipment and how it works (e.g. detectors, spectroscopes,
telescopes) are suitable by everyone. Dr. Gray is also a master of the art of spectroscopy.

“Stars and Their Spectra” by James Kaler

ISBN 0-521-30494-6

This book is a good introduction to stars and what their spectra reveal about them. It is not too
technical, and suitable for any amateur astronomer. Dr. Kaler is another master of the art.

Dr. Kaler also has a website on the same subjects as his book (above). This specific web address
is one entry port into a trio of websites about stars and their spectra.
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Safety and other rules

SAFETY RULES

NEVER look directly at the Sun with your eyes. You can burn a hole in your retina resulting in partial blindness.

2. NEVER change how solar observing equipment is set up for you. Doing so may result in permanent blindness for yourself or
others.

3. If we are using the spectral calibration lamp, take care not to touch the bulb as it gets hot enough to burn fingers.

4. Ifyou see ayellowish-green indistinct “fog” while using the solar spectroscope in the deep blue end of the spectrum, you
have gone too far and ultraviolet in the sunlight is causing the vitreous humor in your eye to fluoresce. This is not the best
thing for your eye; adjust the spectroscope to head away from the deep blue until the fog disappears.

5. Avoid mashing your eye into the eyepiece. Doing so is unnecessary and raises the risk of spreading conjunctivitis (pink eye).
It also makes the telescope jiggle and observation harder.

6. Don't play around with the batteries. They can give you a serious electrical jolt.

7. If you are unsure about anything, ask!

OTHER RULES

W

Apply only light pressure to make allowed adjustments (focusing, for example). Less force means less jiggling and thus
easier observation.

This equipment is expensive, in the thousands of dollars. Treat it carefully and don’t horse around near it.

Minor accidents do happen; should you bump something, let the docent know so he can get the observed object back in
view.

Don't touch any of the glass optics with your hands. This can damage the optical coatings.

Please ENJOY YOUR OBSERVATIONS, and ASK LOTS OF QUESTIONS about anything you don’t understand or about
which you wish to know more.
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Disclaimer

While the methods shown in this tutorial work well, they assume an underlying knowledge of astrophotography not covered
here. The user must be able to specify, purchase, operate and maintain appropriate equipment for the task at hand: optical tube
assemblies, eyepieces, equatorial mounts, autoguiding equipment, cameras, spectroscopes, computers, image processing
software, and astronomical accessories. The user must know skills such as cleaning and collimation of optics, physical balancing
of the system, polar alignment, setting periodic error correction and gear backlash for the mount in use, dew control, navigating
across the sky, operation of a computer and its programs to collect and reduce data, etc.

The equipment used in this tutorial is expensive, well over ten thousand US$ per student set-up. Expect that equipment of similar
value must be used in order to achieve good results. All that said, please accept our best wishes for your success in
astrospectroscopy!

The author thanks Michael Winkhaus, head of the Student Astronomical Observatory of the college Carl-Fuhlrott-Gymnasium,
in Wuppertal, Germany, for the opportunity to give workshops in astronomy, astrophotography, and astrospectroscopy.

These workshops are held in collaboration with Ernst Pollmann of Leverkusen. Ernst is the head of Active Spectroscopy in
Astronomy (ASPA, http://www.astrospectroscopy.de) and well-known for his expertise in high-resolution stellar spectroscopy.

The author thanks Matthew Buynoski ( ), who does visual spectroscopy for presentation to schoolchildren,
for his helpful review and proofreading of this tutorial.

COPYRIGHT NOTICE! This document is proprietary and for use of the intended recipient only. Baader Planetarium GMBH
reserves all rights. Certain parts of this document were contributed, and are also copyrighted, by one or more of the following
authors: Baader Planetarium, Bernd Koch, Michael Winkhaus, Ernst Pollman, Matthew Buynoski. All information contained in
this document is subject to Baader Planetariums's copyright. Permission is granted for educators in astronomy and astrophysics
to make this tutorial available to their students for no more than the direct cost of making the copies to hand out. Permission is
also granted to each individual astronomer (student, amateur, or professional) to make and keep one copy for his or her personal
use. Any unauthorized copying, any publishing of it ‘s 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, 2014.
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