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Instruments and technical specifications

« Hardware:
Meade Schmidt-Cassegrain 30cm telescope /10 from OAC.

Sbig ST-9XE CCD camera with 512x512 (20um) pixels from OAC

Sbig DSS-7 spectrograph with a 300 lines/mm diffraction grating, and
50um wide long-slit from OAC .
Dispersion: 1.2 nm/pixel

e Software:
CCDOps (version 5.47)
DSS7 (version 1.0)
AIP4 for windows (version 2.1.10)



Modified two-parametric MK classification

e Spectral classes:

OBAFGKMLT
Oh Be A Fine Girl Kiss Me (Lovely Tenderly)

e Subclasses (not all of them need to be present in each class):
0,1,2,3,4,5,6,7,8,9

e Luminosity classes:
(0 hyphergiants)
I supergiants
IT bright giants
I1I giants
IV sub-giants
V dwarfs
(VI subdwarfs)
(VII white dwarfs)



Important points to be known

Continuum

Spectral features:

lines
bands

Emission lines

Absorption lines

Wavelength calibration

Flux calibration

Equivalent width of spectral lines



Important steps of the pre-processing

* 1) Removing bias+dark and night sky
e 2) Flat field

e 3) (electronic) Widening

* 4) Wavelength calibration

e 5) Flux calibration

Note:
If you are not doing spectrophotometry, and if you don't
need to measure equivalent widths (but simply you want to
classify spectra by comparing them with those of standards
obtained in the same night), then you can even omit the
points 2 and 3.
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Wavelength calibration

WAVELENGTH CALIBRATION

File: Mi_And_t10_5s a_090710_DDP.st9

Instrument: OAC 0.30-m telescope + DDS-7 spectrograph + ST-9XE CCD
L] I L) l L) l L) l L) l L)

- Star: pAnd  spectral class: A5V

Fitted line:
.=1283.48258 +1.21407 * X
(£ 0.28136) (+ 0.00164)

N=§
—  Dispersion = 1.21407 [nnvpixel] ; R =0.99999 -
y

|~ 12 [angstrom/pixel] / R’ =0.99999 |
; Adjusted R = 0.99999

B N/ p-value (of the slope) < 0.0001 —

L v Lines used for calibration: -
Ha, Na 15893, H3, Hy, H6, He, Cal 3933, HS

L W data 4
Linear fit
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WAVELENGTH CALIBRATION
File: 080809Altair_als crop_DDP.st9
Instrument: OAC 0.30-m telescope + DDS-7 spectrograph + ST-7XME CCD

Star : Altair  Spectral class: A7 IV-V

L Fitted line:
,=413.0767 + 0.54558 * X
(£ 0.52883) (£ 0.00196)

Dispersion = 0.54558 [1un/pixel] N=3
~ 5 [angstrom/pixel] R =0.99999
R =0.99999

Adjusted R* = 0.99997
p-value (of the slope) =0.00229

B Data
Linear fit

—— Upper 95% Confidence Limit
—— Lower 95% Confidence Limit

X [pixels]
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Ways for classifying stellar spectra

Classification by means of visual comparison with
standard stars

Classification by means of computing numerical indexes
(for example: ratios between equivalent widths of lines)

Classification by means of numerical taxonomy based on
algorithms (least chi-square, Artificial Neural Networks)

Classification by mean of comparisons between synthetic
models of spectra made by computers and real spectra
taken at the telescope



OAC's library of CCD stellar spectra

OAC's library of stellar spectra (OAC — LSS) is a library of low
resolution long-slit CCD stellar spectra between 350 and 950 nm.
The stars of OAC-LSS (especially those reproduced in this
digital atlas) are taken mainly from Garcia’s (1989) or Keenan's
lists of MK spectral standards.

To the date of Dec 23th 2011, OAC's library of stellar spectra

contains 241 CCD stellar spectra.
Here are reproduced 152 of these 241 CCD stellar spectra.

All CCD frames in OAC-LSS were taken by the director of OAC,
M.M.M. Santangelo, with the instruments of OAC, often with
the collaboration of M. Pasquini.

In each page of this library is reproduced a spectrum of the
Hydrogen lamp (the first 2 brighter lines are Ho and Hf3 ).



Distribution of CCD stellar spectra in OAC's library

O 7
B 47
A 36
F 33
G 36
K 35
M 33
S 7
C 7
Total 241




O stars (all luminosity classes)
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Hydrogen lamp
(+ oxygen)
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B dwartfs
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Luminosity effects at B2
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Luminosity effects at BS
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A supergiants
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A giants
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A dwarfs
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Luminosity effects at A0
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Luminosity effects at A3
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Luminosity effects at AS

Hydrogen lamp 1 |

(+ oxygen)

oo e [
o on DR
R




Hydrogen lamp
(+ oxygen)
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Hydrogen lamp
(+ oxygen)
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F dwarts
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Luminosity effects at FO
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Luminosity effects at F8
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G supergiants
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Hydrogen lamp
(+ oxygen)
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G dwarfs
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Luminosity effects at G8
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K supergiants
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K giants
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K dwarfs
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Luminosity effects at K3
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M supergiants
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(+ oxygen)

e v L ||
e e [N [




M giants
(+ oxygen)
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M dwarfs
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Luminosity effects at M1
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Luminosity effects at M5
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Hydrogen lamp

(+ oxygen)
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C (carbon) stars
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Peculiar stellar spectra
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Hill et al.'s M, — W(Hy) relationship

e My =-9.09+(1.776-0.0586*s)*W (HYy)

where:

Myv =V band absolute magnitude

s = numeric index (integer) from O at BO to 13 at A3
W(Hy) = equivalent width of Hy line

Useful range: from O6 1 to A3 1
Source: Hill et al., 1986



Osmer's M, — W(OI) relationship

. MV = -2.62*W(OI7774)—2.55

where:
My =V band absolute magnitude
W (OI7774) = equivalent width of OI line at 7774 A

Useful range: from FO I to F9 1
Source: Osmer, 1971



Wilson-Bappu effect

e My = -15.8%log(w)+29.4

where:

My =V band absolute magnitude
W = (kr- 7\()) - (kv- 7\())

w of K line of Ca II at 3933 A

Source: Wilson & Bappu, 1957



Conclusions

At OAC we obtained a library of more than 200 stellar
spectra taken with a CCD spectrograph in the wavelenght
range from ~ 350 nm to ~ 950 nm

We proved the usefulness of this library in classifying
previously unknown stellar spectra

IRF staff recently implemented a beta version of a software
for automatic spectral classification which is based on an
algorithm with Artificial Neural Networks

Most of this library is disposable on-line in the Internet site
of OAC



Final aphorisms

Experience:

e “About experience, it 1s what remains when we loose all
other things™.
From: “Il mulino del Po” (1938-1940) (in italian)
Riccardo Baccelli (1891-1985)

* “Experience 1s the name we give to our mistakes”™
Oscar Wilde



