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Be Star Basics

A Be star is a young hot star characterized by spectra that
has one or more Balmer (hydrogen) lines in emission. These stars
are presumed to be fast rotators spinning at 200 km/s or more
(i.e. between 50%-90% of their critical velocity). They have large
stellar winds and high mass loss rate. In any given stellar field,
approximately 20 % of the B-type stars are in fact Be stars. This
percentage can be much higher in some young clusters where up
to 60-70 % of the B stars are showing the Be phenomenon.
These stars are very bright and over luminous compared to
"normal’’ B-type stars due to the presence of their circumstellar

envelope.



Why Image Spectra from Be Stars?

Providing reliable systematic data on variability of the stellar
properties of hot young emission stars can enhance the understanding of
stellar physics. The standard catalog or atlas of Be stars lists 166 well-
characterized stars. If 20% of B-type stars are emission stars, our
understanding of emission star dynamics is based on a very small sample.
Setting out to characterize the short (days) and long (years) term variability of
more Be stars appears to be a worthwhile exercise.

There are many challenges to obtaining reliable accurate data on Be
star dynamics and meeting these challenges can be satisfying. Unlike color or
narrowband CCD imaging of deep sky objects, which can take hours of work
under steady skies, useful data from stellar spectroscopy can be acquired in a
matter of minutes under average skies.

These pages showcase effort over a two year period (2006-2007) in
characterizing stellar, planetary, and nebula spectra using amateur-grade
instruments and telescopes. Most of this work was done in a suburban
backyard.



Instrumentation

SBIG spectrographs attached to Meade 8” (left) or Celestron 9.25” telescopes. The left photo shows a
lower resolution (6A/pixel) DSS spectrograph; while the right photo shows the self-guided high-resolution
(1A/pixel) SGS spectrograph. Light from a star is diffracted by a tunable grating and passed through a
narrow slit which is then projected to a CCD camera (SBIG ST-7) for recording.
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SGS Calibration, High Resolution Grating (1.06A/pixel) on 10/2/07
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Calculation of Rotational Velocity

Observed Peak: 6’558!3_\ Z = (6558/6563) -1 = 0.000762
Expected Peak: 6563A V =Z x 300,000 km/sec = 228 km/sec + 47 km/sec
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Stellar Spectroscopy Basics

Spectra of bright stars. Absorption lines are dark, emission lines are white.
Note the shift toward higher wavelengths with older red stars compared to
young blue or white stars. Capella is spectrally similar to our sun.
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Stellar Spectra

Raw spectra of several bright stars
arranged by spectral temperature
(from hot to cool). Arrows point to
dark absorption lines for common
elements. Note how the bright
spectral regions correspond to the
classic Hertzsprung-Russell diagram
from hot B-type stars to the cool
M-type stars.
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Normal B-type star :
Algol

Ha absorption

Algol
BPer mag 2.1
Spectral Type: B8

Be star /
HD23630

Ha emission

HD23630
nTau mag 2.87
Spectral Type:B8llle
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Eta Tau (Alcyone in the Pleiades)
Spectral Type: B8llle Magnitude: 2.87
01/02/08

HD23630

8580
Wavelength, Angstroms
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Zeta Tau
Spectral Type: B2lllpe Magnitude: 3.00
01/02/08
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HD217891 B-Psc

Spectral type B6Ve 4.53 mag
Imaged on 10/8/07
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My Orion Project




Spectra from the Orion Nebula

Three regions were imaged: trapezium (5”), the hot core surrounding

the trapezium (5”), and the gaseous outer region (60”). CCDOPS was used for
acquiring and initial processing of data; Spectral graphs were created using vspec.
Imaged from the Anza Borrego Desert, east of San Diego on 11/18/06

M42: Orion Nebula

Trapezium

Core Surrounding Trapezium
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Spectral bands showing bright emission lines from the three target regions. MNote weak or absent hydrogen {H3, Hy) lines,
jonized nitrogen (M) and ionized sulfur (S11) in the trapezium. Outer gaseous region shows similar Ha, stronger sulfer line, and

weaker nitrogen emissions compared to core. Emission lines for core indicate that this region is much more complex chemically
than the young hot stars of the trapezium.
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Spectra from the Orion Nebula

This graph shows results from a 2-minute exposure of M42

SBIG ST-7 with DSS-7 attached to Meade 8” F6.3 LX200.
Permanent mount, backyard observatory, Carlsbad, CA (12/19/06)
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_ Comparison of Spectral Properties Between M42 and M43
Comparison of Spectral Properties Between M42 and M43 Part 2: Re-scale intensity where peak Ha = 100% to allow subtraction
Part 1: Spectra from single 60-second exposures

_ — M43(corr)
—M42(corr)
...but helium-rich
80

M43 seems to be Oxygen-deprived

60

oAV A
Lo AT T

e mﬁ' e P

0

3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500

Angstroms

2
w
c
@«
]
E

Scaled Intensity

Angstroms




Comparison of Spectral Properties Between M42 and M43
Part 3: Difference spectra showing greater intensity of elements for
M42 (positive values) or greater intensity for M43 (negative values)
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M57 — Ring Nebula: 5 minute exposure through a C-5 (f10 1250mm fl).
04-21-07 from Little Blair Valley
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— Eurepa
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