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Cover image: Rosette Nebula NGC 2244, Credit: Wikipedia noirlab creative commons

Image taken with the 4-meter telescope of the Cerro Tololo Observatory, with a line filter
for the emissions of excited oxygen (blue), hydrogen and nitrogen (yellow), and sulfur (red).
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1 Introduction

The Rosette Nebula, approximately 5'200 light years away, is probably one of the top sub-
jects for astrophotographers. However, few are likely aware of the unusual stellar configu-
ration at the center of NGC 2244 which is responsible for the excitation of this photogenic
emission nebula. This publication analyzes the extremely hot central stars of spectral

type O. NGC 2244 also offers the opportunity to study a representative cross-section of this
extremely rare class of stars, within a single star cluster.

2 Properties and Special Features of the Stellar O Class

Spectral class O comprises the hottest, most massive and shortest-lived stars in the uni-
verse [6]. These will all end in a core-collapse supernova of class Ib or Ic, leaving behind a
neutron star or, in extreme cases, a black hole as a remnant. Statistically, this class com-
prises only about 0.00003% of all stars in the wider vicinity of the Sun [6]. The following
table shows the impressive range of stellar parameters from the late to the early spectral
class O. Mass, radius and luminosity are given here in relation to the corresponding values
of the Sun (O).

Mass M/M Lifetime on main se- Effective tem-  Radius Luminosity
©  quence (My) perature [K]  R/Ro /Lo
~25'000 - 90'000 -
20 -60 10 -1 50'000 9-15 800'000

The O class is open towards the top, currently with just a single O2 top classification (!).
The extremely short lifetime of the O stars shows that NGC 2244 must inevitably be very
young and so this luminous spectacle, measured on a cosmic scale, will end very soon.

3 The Central Area of the Rosette Nebula

462237

Fig. 1 Central area of the Rosette Nebula with embedded O stars
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Numerous scientific publications exist on this central region, e.g., [2] [3] and [4]. Fig. 1
shows the central region, partially "cleaned" of dust and gases by stellar radiation pressure,
with a radius of approximately 6.2 pc. The following table shows the parameters of the six
embedded O stars according to [1]. The sequence is ordered from top to bottom with de-
creasing effective temperature. Due to the stellar instabilities, as a typical characteristic of
the O class, different classifications may occur between different sources and databases.

The letter ((f)) placed in double brackets after

the spectral classification, indicates a "mild" Star Spectral Class mag
form of the"‘Of" s.ubc':lass [6]. This is e.V|dent HD 46223 04V ((f) 728
from the faint emission hump of the line He |
4921.93. "Of" stars are currently considered HD 46150 05 V ((f)) 6.73
as precursors of LBV and Wolf Rayet stars
HD46056 08 Vn 8.16
(WR) [6].
HD 46149 085V 7.61
HD 46202 09.2V 8.27
HD 46106 09.7 1l (n) 7.93

4 The Excitation of the Emission Nebula

To excite the gas of an emission nebula, consisting primarily of hydrogen but also contain-
ing nitrogen and oxygen, it must be ionized. This requires at least one star — or preferably
several —with an effective temperature [b] of at least 25,000 K. Only stars of the extremely
hot spectral class O and the immediately following, hottest subtype BO produce sufficient
energy for this task. The following table shows the required ionization energy in electron
volts [eV] for the elements of some typical nebula gases:

HIl He ll NI oll ol Cll cl Clv Sl Ne Il
13.6 24.6 14.5 13.6  3b.1 11.3 244 479 104 21.6

A truly unigue feature is that the center is occupied here by six O-stars, representing almost
the entire spectrum of the subclasses from 09 to O4, with a temperature range of approxi-
mately 25,000-40,000 K. Due to this impressive temperature range, the contribution of
the subclass to the excitation energy is crucial, because the total radiated (bolometric) en-
ergy Fgol of a star is proportional to the fourth power of its effective temperature Tef! In the
following formula, o is the Boltzmann constant and proportionality factor.

Fpor = 0 Tjs;

5 Recording and Processing of the Spectra
Recorded with a DADOS spectrograph, 0.25 pm slit width.

Atik 314L+ camera, 2x2 binning. Exposure times between 400 and 500 seconds, with two
stacked images per star (IRIS).

Standard analysis with the IRIS and Visual Spec programs. The pseudo continuum curve has
been removed ("rectified spectrum"), allowing direct intensity comparison between the
spectral lines.
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6 Rough Analysis of the Stellar Spectra

The following graphic shows five superimposed spectral profiles of the six O-type stars at
the center of NGC 2244. The order is arranged, from top to bottom, by decreasing effective
temperature [5], in a range of approximately 40,000-25,000 K.

Historically, the boundary between the B- and the hottest O-class was defined by the ap-
pearance of ionized helium, He Il. Therefore, it becomes immediately clear that this spectral
class is O. With current technology, however, this ion can also be detected in class BO.

At first glance, there are hardly any differences between the individual profiles. However, a
closer look reveals that the absorption intensity of neutral helium, He |, decreases with in-
creasing temperature. Conversely, it increases for singly ionized helium, He Il, which is also
consistent with theory. This is clearly visible for He | at the lines A4025.5 and A4471.48.
For He Il, the lines Ab411.52, AM4686.68 and A4541.59 are exemplary.

The intensity of the H-Balmer series from Ha to H9 appears to be barely affected by the
temperature difference. However, theoretically a decrease in H intensity with increasing
temperature would be expected.

7 The Nebula Spectrum of NGC 2244

The original idea was to obtain the nebula's emission spectrum as a secondary objective, as
a "bycatch" to the numerous stellar spectra. Despite exposure times of up to 500 s in 2x2
binning mode, no usable nebula spectrum could be obtained next to any of the five stars. In
contrast for M42, this is feasible within about 60 s with the same equipment [6].
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8 Comparison Rosette Nebula NGC2244 vs Orion Nebula M42

NGC2244, at 5200 ly, is about four times as distant as M42 at 1300 ly. The Rosette Neb-
ula is excited by six O-type stars loosely distributed throughout the central bubble. In the
Orion Nebula, it is the highly compact central cluster of the Trapezium stars [6], consisting
of just one single O-type star (O7V) and three others that just miss the O class: B1V, B1.5V,
and B0O.5V. This leads to the sole O-type component, HD 37022, being responsible for
>50% of M42's luminosity!

B HD37021
Main stars B1V

Trapezium cluster

A HD37020
B0O.5V

C HD37022
orv

Abb. 2 Trapezium stars of M42 [6]
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9 AAVSO Finder Chart

The following finder chart is configured for a C8, the mirror effect of a zenith prism, and a
25mm eyepiece. The FOV was set to 30' and the magnitude limit to 12.0.

Rosettennebel AAVSO
Max mag: (J2000) 6:32:12.00 +4:55:55.0 Chart
li\)/gr:igc}.ag: Stars in the chart are drawn at J2015.5
Type: X35505BZT
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FOV = 30.0', Magnitude limit = 12.00
Please use the photometry table for CCD observations.

https://www.aavso.org/vsp Copyright © 2023 AAVSO
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