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Abstract. In this study, eighty six Hα (6563 Å) emission line spectra from the central region (∼ 40 × 40 )
of the Orion Nebula (NGC1976, M42, Sh2-281) have been obtained using DEFPOS spectrometer with a
circular field of view of 4 at TUBITAK National Observatory (TUG, Antalya, Turkey). Measurements provide
information about the intensities, line widths, and radial velocities of the gas surrounding the Sh2-281 HIIregion. The intensities, the radial velocities and the line widths of the Hα emission line were found in the
range of from 319.85 R to 6009.08 R (mean 2006 ± 400 R), from −14.91 km s−1 to + 5.40 km s−1 (mean
−4.51 ± 3.80 km s−1 ), and from 27.83 km s−1 to 49.60 km s−1 (mean 41.09 ± 7.74 km s−1 ), respectively.
Moreover, the mean emission measure (EM) calculated from IHα values was obtained as 4513.02 cm−6 pc.
The mean LSR velocity of the nebula was found to be −4.51 km s−1 and was compared with some previous
works. The intensity values of DEFPOS data were also compared with the data obtained from VTSS, SkyView,
and SHASSA maps using APER and SKY codes. We found that our results were approximately the similar
variation with VTSS (mean 2002.04 R), SkyView (mean 2680.05 R), and SHASSA (mean 2400.06 R) maps.
We believe that DEFPOS spectrometer with a 4 diameter field of view is able to provide a powerful tool for
the study of diffuse ionized gas and this new results may have significant contribution to the literature.
Keywords. HII regions—ISM individual (Orion Nebula NGC1976, M42, Sh2-281)—instrumentation adaptive optics, Fabry–Perot interferometer—methods data analysis—techniques radial velocities.

1. Introduction
The interstellar medium which has a complex thermal
and ionization structure between the interstellar matter
and stars in Galaxies plays a fundamental role in the process of galactic evolution. For example, stars are born
from interstellar matter. During their lives, they deposit
energy into the interstellar medium in the form of electromagnetic radiation and stellar winds. When they die,
they return some of their matter and energy back into the
interstellar medium (stellar cycle) (Tufte 1997; Ferrière
2001; Sahan et al. 2005). The chemical composition
of the gas in the interstellar medium is thought to be
composed mostly of hydrogen gas (90%), helium gas
(10%), and heavier elements than helium (0.1%). The
hydrogen gas in the interstellar medium can be divided
into three types: very cold (T ∼ 10–20 K) molecular hydrogen (H2 ), cold (T ∼ 102 K) atomic hydrogen

(HI), and warm (T ∼ 104 K) and hot (T ∼ 106 K) ionized hydrogen (HII) (McKee & Ostriker 1977; Reynolds
1991; Kulkarni & Heiles 1988; Tufte 1997; Ferrière
2001; Gibson 2002; Haffner et al. 2003; Wolfire et al.
2003). The warm ionized (H+ ) gas is frequently called
the Warm Ionized Medium (WIM), sometimes called
the diffuse ionized gas (DIG) or Reynolds layers) of the
our galaxy. The WIM is known to be a major component of interstellar medium with a mass surface density
approximately 1/3 of HI, a vertical scale height nearly
ten times of HI cloud layer (Reynolds 1991). Significant
information about the kinematics and distribution of the
DIG has been obtained through the study of the faint
optical emission lines, especially at Hα (6563 Å), revolutionizing our understanding of the distribution and
kinematics of the DIG (Reynolds 1984; Tufte 1997;
Haffner et al. 1999, 2003; Sahan et al. 2009, 2012,
2015; Sahan & Haffner 2016).
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Optical emission lines (such as Hα, S+ , N+ , O, and
originating in ionized gas provide diagnostics
for physical conditions in several components of interstellar medium such as planetary nebulae, supernova
remnants, HII regions, or the WIM (Reynolds 1984,
1985; Reynolds & Tufte 1995). The best example for
the HII regions is the Orion Nebula (NGC 1976, M42,
Sh2-281) which is very well known. Despite a long history of study of the nebula in the past, the Orion Nebula
has been one of the best studied object in the sky at various wavelengths (Pogge et al. 1992; O’Dell 2001a, b).
However, there is no enough spectroscopic studies in literature using Fabry–Perot facilities with small aperture
such as DEFPOS interferometry with a circular field of
view of 4 . The warm ionized gas in the Orion Nebula provides the opportunity to study the ionized gas
component of the interstellar medium. A dual etalon
Fabry–Perot type spectrometer called as DEFPOS was
used for the detection of faint optical Hα emission lines
from center region of the Orion Nebula.
This paper is organized in the following way: Subsection 1.1 gives information about the Orion Nebula
(NGC 1976, M42). Section 2 describes the DEFPOS
Fabry–Perot system, data analysis, and data calibration
of the DEFPOS data. Discussion of Hα observations
selected from center of Orion Nebula is given in section 3. Finally, section 4 presents our conclusions.
O++ )

1.1 The Orion nebula (NGC 1976, M42)
The great and famous Orion Nebula (also known as
NGC 1976, M42, Sh2-281; α = 05h 35m 17s .3, δ =
−05◦ 23 28 ; J2000) is the brightest star forming region
situated in the Milky Way which has been studied extensively in the radio, optical, and infrared ranges. The
nebula, probably discovered by Nicholas-Claude Fabri
de Peiresc in late 1610, can be easily seen with the
naked eye in the sky with apparent magnitude of + 4.0
and with an apparent dimension of 60 × 65 (Sharpless
1959; Blitz et al. 1982). Although there are a variety
of distances, ranging from 400–500 pc for the Orion
region in the literature (Blitz et al. 1982), the distance
to the nebula is about 460 pc or roughly 1500 lightyears away (Bally et al. 2000), towards the northwestern
end of the Orion. A cloud in the constellation Orion is
the HII region commonly known as the Orion Nebula
(M42 + M43 = NGC 1976) (Fig. 1). The Orion Nebula
is one of the most observed nearby star forming regions
(less than 1 kpc) and is ionised by dominant star system (also called the Orion nebular cluster or Trapezium
cluster stars) (Hillenbrand 1997; O’Dell 2001a, b). Star
formation is occurs within compact and high-density
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cores. This cluster contains approximately 3500 young
stars with an effective temperature of 4 × 104 K and is
therefore capable of emiting strong ultraviolet photons
which photoionize hydrogen atom near the star (Hillenbrand 1997; O’Dell 2001a). This causes the formation
of the HII region (called Strömgren sphere), which is
visually the closet to the Sun, the brightest, and the
most actively studied region (called Sharpless 281 or
Sh2-281). The Orion Nebula is therefore ideal for studying the physical process accompanying star formation
region (Balick et al. 1974; Pogge et al. 1992). In Fig.
1, it can also be clearly seen that the bright glow at
upper left known as the M43 nebula (NGC1982) with
apparent magnitude of + 9.0 and apparent dimensions
of 20 × 15 is part of the much larger Orion Molecular Cloud complex, separated from the main nebula
by a lane of dust. The photograph given in Fig. 1 was
obtained from NASA web-page.1

2. Observations
2.1 Fabry–Perot system: DEFPOS
Fabry–Perot interferometers are optical instruments
which use multiple beam interference. Since the Fabry–
Perot spectrometers offer high throughput and high
spectral resolution with large aperture, they are used
for the detection of faint emission lines (such as Hα,
SII, NII, OIII) from diffuse ionized gas in the interstellar medium (Roesler 1974; Reynolds 1984, 1985;
Reynolds et al. 1990; Nossal et al. 1997; Haffner et al.
2003; Sahan et al. 2009). They are also used for the
detection of the geocoronal Hα emission lines from
the Earth’s upper atmosphere (Nossal 1994; Nossal
et al. 1997; Mierkiewicz 2002; Mierkiewicz et al. 2006;
Sahan et al. 2007). The Fabry–Perot interferometers
(or etalons) make use of multiple reflections between
two optically flat partially reflecting plates (Tufte 1997;
Mierkiewicz et al. 2006). Light from sky is partially
reflected and partially transmitted at the surfaces of
the large number of interfering rays and produces an
interferometer with extremely high resolution (Roesler
1974; Miller & Roesler 1988). Fabry–Perot spectrometers offer sensitivities of the order of 100 to 300 times
those of slit spectrometers with dispersing elements of
similar size.
A basic schematic optical diagram (not to scale) of
the 150 cm RTT150 telescope and the DEFPOS spectrometer located at TUBITAK National Observatory
1 See https://apod.nasa.gov/cgi-bin/apod/apod_search.
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Figure 1. (color online) A photograph of the great and famous Orion Nebula (M42/43, NGC1976/1982) in the constellation
of Orion with angular size of 65 × 60 and a distance of about 460 pc.

(Bakirlitepe, Antalya, Turkey: +36◦ 51 N, +30◦ 20 E)
is given in Fig. 2. The RTT150 telescope has an effective focal length of 7225.7 cm ( f/48 and a 4 (≈ 0.064◦ )
diameter field-of-view when it is used for the coude
observations. Light from the sky within 4 diameter
field of view is directed to coude room by six mirrors
(M1-M6) of the telescope and then to the spectrometer
through the input optics (L1, L2) into the etalons and
finally the camera lens (L3) refocuses the image onto
the CCD chip.
The DEFPOS spectrometer consists of pre-etalon and
post-etalon optics. From top to bottom, the spectrometer consists of entrance optics (L1: f L1 = 430 cm and
L2: f L2 =50 cm), a 75 mm diameter narrow band interference filter (15 Å FWHM at Hα), a 75 mm diameter,
dual-etalon (E1: low resolution and E2: high resolution), exit optic (L3: f eff = f L3 = 17 cm), and a CCD
imaging camera, respectively. A interference filter was
used on top of the etalons to suppress unwanted orders
and to reduce parasitic light near the Hα wavelength
(Sahan et al. 2009). In an etalon system, the wavelength transmitted by the etalon at a given θ angle can be
selected by changing the pressure of the gas inside the
chambers. In order to achieve maximum intensity at two
etalon configurations and to achieve the desired galactic
Hα emission containing usually within ± 100 km s−1 of
the earth’s velocity, the reflective index of the nitrogen
gas used inside the etalon chambers is altered between
0.3 bar and 1.8 bar by using an automatic pressure control system.
Several important characteristics of the Fabry–Perot
interferometers describe an etalon: the free spectral
range (FSR), the fringe width (full width at half maximum: FWHM), and the finesse (F). The FSR is the

separation between two successive transmitted optical
intensity maxima or minima of an interferometer. The
FWHM indicates the spectral resolving power when
the Fabry–Perot interferometer is used as a spectrometer. Finally, the finesse describes the narrowness of the
peaks relative to the spacing between the peaks and is
known as the ratio of the FSR to the FWHM (Tufte 1997;
Mierkiewicz 2002). Dual-etalon Fabry–Perot spectrometer system allows achieving high spectral purity and
contrasting at high resolution by extending the FSR of
a single etalon. Each etalon is made of fused silica with
highly reflective broadband multi-layer dielectric coatings. The reflectance of etalon surface is approximately
92% near Hα. The etalons housed in separate gas tight
chambers have a fixed plate spacing of 100 μm, and
198 μm. The etalon with spacing of 198 μm has a free
spectral range of 25.25 cm−1 (or 10.87 Å in terms of
wavelength), an effective finesse of 37.67, and a flatness of ∼λ/200 at a wavelength of 6563 Å (Sahan et al.
2009).
The spectrometer has resolving power of 11,000
(27.27 km s−1 FWHM of the instrumental response
function). A CCD camera used with DEFPOS is one
of the Andor iKon-L series which has a 2048 × 2048
sensor array (13.5 μm × 13.5 μm pixels). The backilluminated CCD camera has a quantum efficiency of
over 90% at Hα and has a read noise of 2.9 e− (Sahan
et al. 2015). The post-etalon optic (L3) located between
the second etalon (E2) and CCD camera focuses the
Fabry–Perot fringe pattern onto a 1.0 cm2 region of
the CCD chip. Table 1 is a summary of configuration
of DEFPOS Fabry–Perot system. Detailed information
about the DEFPOS/RTT150 system can be found in
Sahan et al. (2009).
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Table 1. Configuration of the Fabry–Perot Spectrometer.
Parameter
(a) Telescope: RTT150 (TUBITAK
National Observatory)
Mirror diameter (M1)
Number of mirrors at coude
Focal ratio at coude
Angular field of view

Value

150 cm
6
f/ 48
∼ 4 (0◦ .064)

(b) Fabry-Perot Etalon: DEFPOS
instrument
Etalon effective area
75 mm
Etalon spacing (E1: low)
100 μm
Etalon spacing (E2: hi)
198 μm
Filter (FWHM)
15 Å at Hα
Focal length of collimator
17 cm
Free spectral range (FSR)
25.25 cm−1 (or 10.87 Å)
Etalon reflectivity
∼92%
Effective finesse
∼37.67
Velocity resolution
∼27.27 km s−1
Resolving power
11,000
Parallelism of etalon
4 nm
(c) Dedector: Andor iKon-L Series
Active pixels
2048 × 2048
Sensor size
27.6 × 27.6 mm
Pixel size
13.5 μm × 13.5μm
Active area pixel well depth
100, 000 e−
Maximum readout rate
5 MHz
Read noise
2.9 e−
Quantum efficiency
>90 at Hα
Read noise at 1MHz
7.0 e−
Sensor options
Back-Illuminated (BI)

2.2 Data reduction

Figure 2. A basic schematic optical diagram of RTT150
telescope and the DEFPOS spectrometer located at
TUBITAK National Observatory (Antalya, Turkey) (not to
scale). Light from the sky within a 4 diameter field of view
is directed by six mirrors (M1–M6) of the telescope through
the input optics (L1 and L2) and into the etalons (E1 and
E2). A post-etalon optic (L3) focuses the Fabry–Perot fringe
pattern onto the CCD chip.

During the analysis of the DEFPOS data, we used the
standard CCD data reduction technique including dark
and flat field corrections, removing hot pixels produced
by cosmic rays greater than 3σ and unwanted reflections due to the optical system. Since each CCD pixel
has an individual dark current rate depending upon the
temperature of the CCD chip, it is necessary to remove
from both galactic images and the flat-field images. Two
or three dark images are thus taken during each observing night with an exposure of the same length of time
keeping the shutter of the CCD closed. For example, we used 1200 s exposure times for both Orion
images and dark current images for the present study.
Flat-field images are obtained from the interior of
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a

b

Figure 3. (color online) (a) Raw CCD image from one of the thirty six numbered blue points shown in Fig. 4. (b) Line
profile after annular-summing procedure. The spectrum consists of 50 spectral elements corresponding to a 4 km s−1 spectral
interval (filled circle symbols). The solid curve is the best Gaussian fit to the data points. The top panel shows the spectra,
and the residuals of the fit are plotted in the bottom panel.

the telescope’s dome under uniformly illumination by
white light. The dark counts are removed from both
galactic images and the flat field images and then the
reduced galactic images are divided by the flat field.
There are two unwanted reflections with intensities

of 7% and 4.5% of the primary ring pattern in the
CCD image (seen Fig. 3(a)). We estimate that these
features arise from the uncoated surface in the second etalon (E2) (Fig. 2) and from reflections of the
glass between the etalon chambers. To correct these
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b

Figure 4. (color online) (a) Hα Full Sky Map (Hα Comp)
with the image size of 6◦ .5 × 6◦ .5 and a pixel scale of about
2.5 obtained from SkyView Query Form. The bright region
at α = 05h 35m 17s .3, δ = −05◦ 23 18 .0 (J2000) is the Orion
nebula. Green circle with an area of a diameter of about
40 × 40 is a region selected for DEFPOS observations. (b)
Eighty six blue circles (from 1 to 86) in green circle bright
region of the nebula represent the 4 diameter field-of-view
of DEFPOS.

effects, the centers of two reflections on the CCD image
are firstly determined and then the raw CCD image is
subtracted from itself before the ring-summing procedure. The reduced galactic images were then converted
into two dimensional line profiles using the annularsumming procedure (Sahan et al. 2009). The annular
ring-summing procedure is the property of equal area
annuli corresponding to equal spectral intervals (Coakley et al. 1996; Haffner et al. 2003; Nossal et al.
1997, 2004; Mierkiewicz et al. 2006). Each Hα line
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profile corresponds to 50 data points (or spectral elements) with a spectral resolution of 4 km s−1 (filled
circle symbols in Fig. 4(b)). The IDL (Interactive Data
Language) codes were used during data reduction and
annular summing spectroscopy procedure. Images of
hydrogen lines produced in a hydrogen lamp mounted
in the instrument were used to determine the center
of the Fabry–Perot fringe pattern and absolute velocity calibration. Hydrogen lamp spectra were taken with
different exposure times at each individual observing
night.
Since diffuse emission sources such as planetary nebulae are outside of the Earth’s atmosphere and also
fill the Fabry–Perot’s field-of-view in much the same
way as galactic sources, they are suitable calibration
sources for Fabry–Perot observations (Nossal 1994;
Tufte 1997; Mierkiewicz 2002). One example of these
sources is the NGC 7000 (i.e., North American Nebula or NAN), known as a very large emission nebula
with 120 × 100 arcmins in Cygnus. Hα surface brightness of a 0◦ .8 region of the NAN (centered at right
ascension 20h 57m 59s and declination +44◦ 34 050
in epoch 2000) was determined to be 850 ± 50 R
(1 R = 106 /4π photons cm−2 sr−1 s−1 = 2.41 × 10−7
erg cm−2 s−1 sr−1 at Hα) with an uncertainty of ∼10%
using standard stars by Scherb (1981). Later, Morgenthaler et al. (2001) selected a portion with a 4 diameter
field-of-view (α = 20h 57m 04s .04, δ = +44◦ 35 43 .0 )
from this 0◦ .8 region of the NAN and estimated its intensity value to be 900 R. This 4 field-of-view region was
used for absolute intensity calibration of DEFPOS data
by Aksaker et al. (2009). We obtained a considerable
number of Hα spectra from nine different regions within
0◦ .8 region of the NAN at different exposure times (60 s
to 1200 s). One region was especially selected with the
same region whose intensity value was estimated to be
900R over the 4 FoV by Morgenthaler et al. (2001).
Many Hα spectra from 4 region were therefore taken
at different exposure times. Comparing these spectra
with 900 R, we estimated approximately 940 ± 188 R
with about 20% error, rather comparable to the value
(900 R) estimated by Morgenthaler et al. (2001) and
then we determined that 1 ADU km s−1 corresponded
to 2337.4 R for a 1200 s exposure time (Aksaker et al.
2009; Sahan et al. 2009). Three or four Hα spectra were
thus obtained from this calibration region with different exposure times during each individual observing
nights. Finally, using these calibration data, Orion data
obtained in unit of ADU (Analog Digital Unit) were
converted to Rayleigh units (R), which is an intensity unit. Annular summing technique was applied to
these CCD images to convert line profiles. Hα spectra
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provide detailed information about physical conditions
of the gas (e.g., the distribution and the kinematics)
obtained from the HII regions in interstellar medium
(Reynolds 1991). Finally, all CCD images from Orion
Nebula were converted to two-dimensional Hα line
spectra and then were calibrated to obtain intensity in
units of R. An example of the data reduction and the
annular ring-summing procedure applied for DEFPOS
data was given in section 3 (see Fig. 3).

et al. 1980). Column 6 gives the intensity (IHα ) in units
of Rayleigh (1 R = 106 /4π photons cm−2 sr−1 s−1 and
corresponds to an emission measure of 2.25 cm−6 pc
for a gas temperature of 8000 K at Hα). The last
column 7 gives emission measure (EM) in cm−6 pc
(1 pc = 3.086 × 1013 km).
Emission measure (EM) values of each individual
data were calculated according to the relation,

2.3 Hα observations from the Orion nebula

where IHα is measured in rayleighs (sixth column in
Table 2) and T is the electron temperature. Since the
temperature in the warm ionized medium ranges from
6000–10000 K, we adopted a temperature of 8000 K
(Reynolds 1991; Haffner et al. 1999, 2003; Sahan &
Haffner 2016).

All observations of the Orion nebula (see Fig. 4) were
carried out with the DEFPOS spectrometer on 2015
December 22–27 (six nights). The total observed area
is from 05h 35m 33s to 05h 36m 04s in right ascension
and from −05◦ 13 32 to −05◦ 47 23 (J2000). Fig. 4(a)
shows the Hα Full Sky Map (Hα Comp) obtained from
Sky View Query Form2 (SkyView, Digitized Sky Survey: DSS). This map has an image size of 6◦ .5 × 6◦ .5, a
pixel scale of about 2 .5, and pixel units of Rayleigh
(R). The bright region at α = 05h 35m 17s .3, δ =
−05◦ 13 32 is the Orion Nebula (or Sh2-281). Eighty
six numbered blue circles with a radius of 2 (from 1
to 86) represent DEFPOS’s 4 diameter field-of-view as
shown in Fig. 3b.
Due to DEFPOS’s field-of-view of 4 , we used long
integration times of 1200 s to obtain enough signalto-noise ratios. All CCD images were converted to
two dimensional line profiles (see Fig. 5) after the
data reduction and the annular-summing procedure as
mentioned in section 2.2. Studies of the radial velocities, line widths, and intensities of the Hα emission
lines provide information about the spatial distribution
and other physical properties of warm, ionized gas in
the diffuse interstellar medium (Reynolds 1984, 1985;
Reynolds & Tufte 1995). Therefore, we determined the
intensities, the radial velocities and the line widths for
each individual spectrum. The summary of the measured values from these 86 bright regions are listed in
Table 2. The first column gives the observation numbers (from 1 to 86) of the regions represented on the
map in Fig. 4(b). Columns 2–3 give right ascension
(α2000 ) in hours, minutes, and seconds, and declination (δ2000 ) in degrees, arcminutes, and arcseconds,
respectively. Columns 4–5 give FWHM in km s−1 and
velocity in km s−1 . All line velocities in Table 2 are referenced to the local standard of rest (LSR) defined by
solar motion of 20 km s−1 toward α = 18h 03m 44s .6,
δ = +30◦ 03 12 .0 (Mezger & Hoglund 1967; Balick
2 See http://skyview.gsfc.nasa.gov/current/cgi/query.pl.

EM = 2.75 T40.9 IHα (cm−6 pc),

(1)

3. Results and discussion
The Hα (6563 Å) emission line observations from diffuse ionized gas such as the Orion nebula provide a
useful tool for investigation of physical conditions of
ionized gas. In this study, we observed total eighty six
Hα emission lines from a central region of the Orion
nebula (M42, NGC1976 or Sh2-281) (Fig. 4) using
the DEFPOS Fabry–Perot spectrometer attached at the
coude focus of the RTT150 telescope at TUBITAK
National Observatory (see section 2.3). After data
reduction procedure, the intensities, the radial velocities
and the line widths were determined for each individual
spectrum as mentioned in section 2.2. Since it is very
important to investigate the kinematic properties of the
low-density, warm and ionized gas, this study will help
us to understand the physical and kinematical structures
of the nebula.
In order to explain DEFPOS spectra, one selected
sample data is given in Fig. 4(b). Figure 4(a) shows the
an unprocessed ring image towards α = 05h 35m 46s .3,
δ = −05◦ 28 58 .6 represented blue circle with the
thirty six number in Fig. 4(b). This observation was
made on 2015 September 25 (UT: 23:19) using an exposure time of 1200 seconds. This Fabry–Perot’s ring
image represents the Hα spectrum within the 4 diameter circular beam and covers a 200 km s−1 spectral
range. After the data reduction procedure mentioned
in section 2.2, the reduced CCD image was converted
to a line profile (Fig. 3(b)) via the annular summing
technique (Coakley et al. 1996; Nossal et al. 1997;
Sahan et al. 2009, 2015). This profile (or spectrum) consists of 50 spectral elements (represented filled circle
symbols) in 4 km s−1 velocity intervals plotted against
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Figure 5. Eighty six selected Hα line profiles from center positions of the Orion nebula in Fig. 4 were plotted as intensity
vs. LSR velocity. Data set numbers are given at upper left of each individual panel. All information about these spectra are
given in Table 2.

radial velocity with respect to the LSR. In Fig. 3b, the
amplitude (in units of R/km s−1 ) versus the velocity frame (in units of km s−1 ) was plotted. Data set
number is given at upper left of the panel. Since this

spectrum includes some kinematical information about
the gas, a Gaussian line profile using least-squares
fitting procedures was fitted to determine the velocity, the line width and the relative intensity of the
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spectrum. The best Gaussian fit to the emission line
profile is shown with a solid curve drawn through
the spectral elements in Fig. 3b. The vertical dashed
line (near −25.30 km s−1 ) represents the differences
between center of the spectrum and its fit position of
the LSR when horizontal dash line denotes zero level
of the spectrum. From Table 2, the line width and
the LSR velocity were found to be 33.75 km s−1 and
−7.82 km s−1 , respectively. The emission line intensity
and emission measure were also found to be 5163.98 R
and 11617.11 cm−6 pc, respectively. From calculations
using IDL code, the mean value of the VLSR velocity
for observing date and observing time was also calculated to be 22.60 km s−1 (VGEO = −4.54 km s−1
or VHEL = −18.05 km s−1 ) at center coordinates
(α = 05h 35m 17s , δ = −05◦ 23 28 ). In order to
see the differences between the Fabry–Perot’s spectrum and the Gaussian fit, the residuals were also
plotted in the bottom panel of the Fig. 3(b). The
residual vary approximately between −1.5 km s−1 and
+1.5 km s−1 .
Similarly, the other spectra from center positions of
the Orion nebula were converted to line profiles as
given in Fig. 5. The amplitudes were plotted against
the velocity frames. Data set numbers were given at
upper left of each individual panel. Also, all information including equatorial coordinates, the intensity, the
LSR velocity, the line width, and emission measure
for each individual spectrum were given in Table 2.
From Table 2 and Fig. 5, the line widths of the Hα
emission spectra were found between 27.83 km s−1
(number 9) and 49.60 km s−1 (number 44) (mean:
41.10 ± 7.74 km s−1 ). LSR velocities vary between
−14.91 km s−1 (number 27) and +5.40 km s−1 (number 54) (mean: −4.51 ± 3.80 km s−1 ). The intensities
and emission measures were also found to be in the
range of 319.85 R (number 65) to 6009.08 R (number 37) (mean: 2006.11 ± 400 R) and 719.55 cm−6 pc
(number 65) to 13518.29 cm−6 pc (number 37) (mean:
4513.02 cm−6 pc), respectively.
The Hα data obtained from the Orion nebula were
compared with previous works. Some of these data from
literature are given below. Gordon and Meeks (1968)
observed five positions from central core of NGC 1976
and found the values of VLSR ranging between −6.86 ±
0.3 km s−1 and −1.55 ± 0.9 km s−1 . Flynn (1965) measured Hα profiles at nineteen different points over an
area of 4 ×4 at the trapezium in the Orion nebula with a
photoelectric Fabry–Perot interferometer and obtained
the differential radial velocities in the orion nebula relative to trapezium ranged from −16.3 ± 4.6 km s−1 to
+12.8 ± 6.6 km s−1 . Dieter (1967) measured the radial
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velocity at the center of NGC 1976 to be −4.9 ± 0.6
km s−1 . Mezger & Hoglund (1967) investigated the
hydrogen 109α recombination line of 20 galactic radio
sources including Orion nebula using a 20-channel frequency switched line radiometer with NRAO 140 foot
telescope. They gave the radial velocities as −2.6 ±
2.4 km s−1 (VHEL = +15.1 ± 2.4 km s−1 , 3 north),
−7.0 ± 2.5 km s−1 (VHEL = +11.1 ± 2.5 km s−1 , 3
south), 9.5 ± 3.1 km s−1 (VHEL = +8.6 ± 3.1 km s−1 ,
12 west), −2.4 ± 2.4 km s−1 (VHEL = +15.7 ±
2.4 km s−1 , 12 east). Fich et al. (1990) gave the VLSR
and the line width to be 0.8 ± 0.1 km s−1 and 38.8 ±
0.1 km s−1 , respectively. Blitz et al. (1982) also gave
the VCO velocity to be +8.0 ± 1.5 km s−1 . Hanel (1987)
measured the mean radial velocities referred to as LSR
in different emission lines (Hα, [NII], [SII] and [OIII])
of the center M42 using a Fabry–Perot etalon with the
106 cm Cassegrian telescope. They found the mean
radial velocities as −1.26 km s−1 of Hα, 4.48 km s−1 of
[NII], 6.59 km s−1 of [SII], and −1.17 km s−1 of [OIII].
As a result, we can say that the mean velocity values of
the DEFPOS data are in agreement with the previous
velocity studies.
It is important to determine the intensity values of
the surface of Orion with a 4 diameter field of view.
We thus determined new Hα intensities for each individual spectrum of Orion. The VTSS (The Virginia
Tech Spectral-Line Survey), SHASSA (the Southern HAlpha Sky Survey Atlas), which is a robotic wide-angle
imaging survey of the Southern Sky at Hα (Gaustad
et al. 2001) and SkyView (H-ALPHA COMP survey,
Finkbeiner 2003) maps were used to compare the intensity values of DEFPOS data. These maps in a FITS
file format include intensity information in units of
rayleigh. The intensity values of these maps were calculated by using APER and SKY programs written in IDL
codes. APER program computes concentric aperture
photometry in specified aperture radii (adapted from
DAOPHOT) and normalizes the total area of the sum
of the pixels to exactly match the circular area and
then estimates the flux values for photometry radius of
any given pixel surrounding the position x and y on
an image array. Circles with a radius of 2 arcmin were
selected with the same field-of-view of DEFPOS. The
brightness of total pixel in each individual circle was
calculated using APER code. The number of total pixels
within a circle with a radius of 2 arcmin are ∼2.011 for
SkyView map and ∼4.86 for VTSS map, and ∼22.00
for SHASSA. The total flux (in unit R) in a radius of
2 arcmin were divided by total pixel and obtained an
average intensity value for each individual data point
given in Fig. 3(b).
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Table 2. DEFPOS Hα observations from the Orion Nebula (Sh2-281).
Data set number

α2000 (h m s)

δ2000 (◦  )

VLSR (km s−1 )

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

05:35:33.033
05:35:17.315
05:35:01.597
05:34:45.879
05:34:29.356
05:34:14.445
05:35:48.344
05:35:33.028
05:35:17.712
05:35:01.590
05:34:45.872
05:34:29.348
05:34:14.033
05:33:57.913
05:36:02.448
05:35:46.325
05:35:30.605
05:35:14.482
05:34:58.359
05:34:42.640
05:34:26.519
05:34:10.801
05:33:55.486
05:33:39.365
05:36:02.445
05:35:46.321
05:35:30.600
05:35:14.476
05:34:58.353
05:34:42.633
05:34:26.511
05:34:10.792
05:33:55.476
05:33:39.355
05:36:02.441
05:35:46.316
05:35:30.595
05:35:14.470
05:34:58.346
05:34:42.626
05:34:26.503
05:34:10.783
05:33:55.467
05:33:39.345
05:36:04.454
05:35:48.328
05:35:32.606
05:35:16.480
05:35:00.356
05:34:44.634
05:34:28.511

−05:13:32.68
−05:13:20.48
−05:13:26.30
−05:13:32.09
−05:13:25.82
−05:13:31.58
−05:17:33.34
−05:17:27.18
−05:17:08.98
−05:17:14.79
−05:17:20.58
−05:17:14.30
−05:17:14.04
−05:17:19.75
−05:21:09.90
−05:21:15.78
−05:21:09.61
−05:21:09.43
−05:21:09.22
−05:21:15.00
−05:20:56.70
−05:21:02.43
−05:21:02.13
−05:21:01.80
−05:25:04.35
−05:25:04.22
−05:25:04.06
−05:25:03.88
−05:24:57.65
−05:25:09.44
−05:24:51.14
−05:24:56.87
−05:24:56.57
−05:24:56.22
−05:28:52.76
−05:28:58.64
−05:28:52.47
−05:28:52.28
−05:28:52.07
−05:28:57.84
−05:28:39.54
−05:28:45.27
−05:28:44.96
−05:28:44.62
−05:32:41.17
−05:32:47.04
−05:32:40.88
−05:32:40.69
−05:32:40.48
−05:32:46.25
−05:32:27.96

31.65
39.64
39.64
37.26
38.96
38.61
38.73
32.78
27.83
30.96
33.22
40.32
41.22
42.36
39.86
42.58
32.24
31.64
45.57
30.89
46.21
45.53
44.62
43.71
41.22
32.66
32.55
39.64
38.30
30.30
44.85
46.21
45.07
45.53
38.28
33.75
46.43
47.79
43.77
41.22
43.71
45.07
43.89
49.60
40.54
38.51
47.34
46.66
45.07
45.30
46.18

FWHM (km s−1 )
−9.44
−4.14
−5.53
−3.43
0.11
−6.09
−3.62
−9.70
1.20
−8.55
−9.01
−3.37
−1.15
2.61
−3.50
−0.02
−10.92
−11.80
−4.49
−7.38
0.10
2.22
−1.89
−2.01
−3.62
−5.30
−14.91
−2.47
−3.65
−9.75
−2.75
−0.45
−1.47
−0.52
−5.33
−7.82
−8.88
−6.54
−13.45
−8.16
−7.61
−3.62
−2.74
0.95
−4.66
−6.91
−5.75
−6.65
−11.56
−10.95
−10.10

IHα (R)
2218.86
1934.96
1993.96
2269.83
2061.43
2839.05
3287.09
4061.24
2716.55
3621.74
2831.01
2721.19
1537.53
1069.47
2807.62
792.724
4275
5162.37
3899.16
5131.06
2433.74
1110.75
1033.19
755.31
3004.81
4771.95
4573.92
3818.73
5095.83
5439.75
3413.34
1963.18
2961.84
2615.54
1874.57
5163.98
6009.08
5562.79
4497.57
3747.35
2036.85
1504.04
763.444
542.737
1226.45
3796.49
2484.71
2594.83
2445.84
1710.52
1226.24

EM (cm−6 pc)
4991.64
4352.97
4485.70
5106.31
4637.48
6386.85
7394.78
9136.34
6111.27
8147.62
6368.76
6121.71
3458.89
2405.93
6316.14
1783.35
9617.23
11613.49
8771.72
11543.06
5475.05
2498.79
2324.31
1699.18
6759.75
10735.19
10289.69
8590.78
11463.80
12237.50
7678.80
4416.45
6663.08
5884.03
4217.11
11617.11
13518.29
12514.29
10117.93
8430.20
4582.19
3383.55
1717.48
1220.96
2759.08
8540.75
5589.71
5837.44
5502.27
3848.06
2758.60
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Table 2. Continued.
Data set number

α2000 (h m s)

δ2000 (◦  )

VLSR (km s−1 )

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

05:34:12.790
05:33:57.473
05:33:41.350
05:35:48.324
05:35:32.601
05:35:16.475
05:35:00.349
05:34:44.627
05:34:28.503
05:34:12.781
05:33:57.464
05:33:41.340
05:35:48.723
05:35:32.999
05:35:16.873
05:35:00.746
05:34:45.023
05:34:28.898
05:34:13.176
05:33:57.858
05:33:41.734
05:35:32.995
05:35:16.867
05:35:00.740
05:34:45.017
05:34:28.891
05:34:13.168
05:33:57.849
05:33:41.724
05:35:17.265
05:35:01.138
05:34:45.413
05:34:29.287
05:34:13.563
05:33:58.244

−05:32:33.68
−05:32:33.37
−05:32:33.02
−05:36:35.40
−05:36:29.24
−05:36:29.05
−05:36:28.83
−05:36:34.60
−05:36:16.30
−05:36:22.02
−05:36:21.71
−05:36:21.36
−05:40:17.73
−05:40:11.56
−05:40:11.37
−05:40:11.15
−05:40:16.92
−05:39:58.62
−05:40:04.34
−05:40:04.03
−05:40:03.67
−05:43:41.84
−05:43:41.64
−05:43:41.42
−05:43:47.19
−05:43:28.89
−05:43:34.60
−05:43:34.29
−05:43:33.93
−05:47:17.91
−05:47:17.69
−05:47:23.45
−05:47:05.15
−05:47:10.86
−05:47:10.54

42.82
43.26
48.71
39.64
45.07
45.53
43.66
43.71
39.64
45.99
43.77
45.53
41.00
42.13
45.53
44.44
45.30
42.81
42.13
45.53
39.64
39.86
34.77
39.64
41.82
42.01
39.64
42.46
41.30
41.45
32.16
40.79
41.90
40.78
44.47

The intensity values of DEFPOS data vary from
319.85 to 6009.08 R. The intensities obtained from the
SkyView, the VTSS, and SHASSA maps were found
to vary in the range of 409.99 to 5102.21 R (mean:
2680.05 R), 328.64 to 3127.33 R (mean: 2002.04 R),
and 283.99 to 4587.73 R (mean: 2400.06 R), respectively. From our comparisons, it can be said that the Hα
intensities of DEFPOS data are approximately similar
to the variation with the SkyView, SHASSA, and the
VTTS values.
Consequently, as shown in Table 2 and Fig. 5, it
seems that there are some variations in the values of
velocity, line width, and intensity of Hα line from
the 86 points of the Orion Nebula. We think that

FWHM (km s−1 )
−9.64
−8.43
5.40
−5.68
−5.85
−5.89
−10.36
−9.49
−11.22
−7.26
−5.75
3.66
−3.49
4.26
−4.10
−6.95
−5.34
−6.62
−5.31
2.64
0.50
−3.88
−4.63
−2.98
−2.09
−4.52
−3.09
−1.31
0.35
−0.86
−1.24
−1.73
−0.07
−1.92
−1.05

IHα (R)
772.245
476.927
457.846
1790.59
1393.36
1439.42
1131.7
1023.53
581.852
625.646
633.036
467.36
1652.32
319.849
742.204
643.767
744.661
434.482
396.224
537.44
550.499
923.505
567.395
751.156
505.723
478.093
439.79
568.168
470.00
718.907
457.349
577.309
621.63
408.297
811.565

EM (cm−6 pc)
1737.28
1072.92
1029.99
4028.19
3134.56
3238.18
2545.92
2302.58
1308.96
1407.48
1424.11
1051.39
3717.13
719.55
1669.69
1448.25
1675.22
977.43
891.36
1209.05
1238.43
2077.56
1276.44
1689.83
1137.70
1075.54
989.37
1278.18
1057.33
1617.28
1028.87
1298.74
1398.45
918.52
1825.73

these differences may be due to the following reasons: One of the differences in the intensity of Hα
line (and accordingly the EM values) is thought to
be caused by intensity calibration errors with 20%
of DEFPOS data as mentioned in Section 2.2. The
other reason is thought to originate from star forming regions (called as trapezium stars). Since the Orion
Nebula contains approximately 3500 young stars, these
young stars ionize the gas around them at different intensity values (especially around number 37).
However, it is also seen that there are substantial variation in the Hα intensity values in other SkyView,
VTSS, and SHASSA data set. It is thought that
there was approximately 20% uncertainty in the line
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widths and the radial velocities in our DEFPOS data.
Therefore, the line widths and the radial velocities
vary from 27.83 km s−1 to 49.60 km s−1 , and from
−14.91 km s−1 to + 5.40 km s−1 . As mentioned in
previous paragraph, LSR values obtained from different regions of the Orion nebula (such as Flynn 1965)
show that they have larger velocity range than that of
DEFPOS data.
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They also wish to thank R. J. Reynolds and S. M. Nossal from the University of Wisconsin for having greatly
contributed to the start of this study.

4. Conclusion
In this paper, results of a Fabry–Perot spectroscopic
study of the center of the Orion nebula HII region
(NGC1976, M42, Sh-281) are presented. Observations
were carried out with DEFPOS Fabry–Perot spectrometer located coude exit of the 150 cm RTT150 telescope
during nights of 2015 December 22–27 with long exposure time of 1200s. The Hα data was detected from 86
positions over a region of 40 × 40 from the central
region of the Orion nebula with a 4 diameter fieldof-view. The total observed area is from 05h 35m 33s to
05h 36m 04s in right ascension and from −05◦ 13 32 to
−05◦ 47 23 in declination (epoch 2000). The observed
data provide some useful information about the Orion
Nebula such as the line widths (FWHM), the radial
velocities with respect to the LSR, the intensities (IHα ),
and emission measures (in units cm−6 pc) with respect
to the IHα (Reynolds 1991; Haffner et al. 2003) of the
surrounding Sh2-281 HII region. The average values of
the line widths, the LSR velocities, the intensities, and
the emission measures of the Hα emission lines are estimated to be 41.10 ± 7.74 km s−1 , −4.51±3.80 km s−1 ,
2006.11 R, and 4513.02 cm−6 pc, respectively. The LSR
velocities were compared with previous works from literature such as Mezger & Hoglund (1967), Blitz et al.
(1982), Fich et al. (1990), and Hanel (1987). Moreover, the intensities were compared with the Hα maps
in a FITS file format from VTSS, from SHASSA and
from SkyView. From these comparisons, we find that
our results are approximately in close agreement with
the other results. We can say that DEFPOS spectrometer
with narrow field of view is able to provide a powerful
tool for the study of diffuse ionized gas. So far, there are
no data measured with Fabry–Perot spectrometer with
a small aperture around 4 arcmin in literature. This new
study on Orion may therefore have significant contribution to the literature.
Acknowledgements
Observations were performed with the RTT150 telescope at TUBITAK National Observatory (TUG,

References
Aksaker, N., Sahan, M., Yegingil, I. 2009, Experimental
Astronomy, 24, 127.
Balick, B., Gammon, R. H., Hjellming, R. M. 1974, PASP,
86, 616.
Balick, B., Smith, M. G., Gull, T. R. 1980, PASP, 92, 22.
Bally, J., O’Dell, C. R., McCaughrean, M. J. 2000, Astron.
J., 119, 2919.
Blitz, L., Fich, M., Stark, A. A. 1982, ApJS, 49, 183.
Coakley, M. M., Roesler, F. L., Reynolds, R. J., Nossal, S.
1996, Appl. Opt., 35, 6479.
Dieter, N. H. 1967, ApJ, 150, 435.
Ferrière, K. M. 2001, Rev. Mod. Phys. 73, 1031.
Fich, M., Treffers, R. R., Dahl, G. P. 1990, Astron. J., 99, 622.
Finkbeiner, D. P. 2003, ApJS 146, 407.
Flynn, F. H. 1965, MNRAS, 130, 9.
Gaustad, J. E., McCullough, P. R., Rosing, W., Buren, D. V.
2001, PASP, 113, 1326.
Gibson, S. J. 2002, ASP Conference Proceedings, 276, edited
by A. R. Taylor, T. L. Landecker & A. G. Willis, San Francisco: ASP, 235.
Gordon, M. A., Meeks, M. L. 1968, ApJ, 152, 417.
Haffner, L. M., Reynolds, R. J., Tufte, S. L. 1999, ApJ, 523,
223.
Haffner, L. M., Reynolds, R. J., Tufte, S. L., Madsen, G. J.,
Jaehnig, K. P., Percival, J. W. 2003, ApJS, 149, 405
Hanel, A. 1987, A&A, 176, 347.
Hillenbrand, L. A. 1997, Astron. J., 113, 1733.
Kulkarni, S. R., Heiles, C. 1988, in: Galactic and Extragalactic Radio Astronomy, 2nd ed., edited by G. L. Verschuur &
K. I. Kellermann (New York: Springer-Verlag), 95.
McKee, C. F., Ostriker, J. P. 1977, ApJ, 218,148.
Mezger, P. G., Hoglund, B. 1967, ApJ, 147, 490.
Miller, E. E., Roesler, F. L. 1998, Appl. Opt., Department of
Physics, University of Wisconsin, USA, 550.
Mierkiewicz, E. J. 2002, PhD Thesis, University of Wisconsin, Madison, USA.
Mierkiewicz, E. J., Roesler, F. L., Nossal, S. M., Reynolds,
R. J. 2006, J. Atmosph. Solar-Terr. Phys., 68, 1520.
Morgenthaler, J. P., Harris, W. M., Scherb, F., Anderson, C.
M., Oliversen, R. J., Doane, N. E., Combi, M. R., Marconi,
M. L., Smyth, W. H. 2001, ApJ, 563, 451.

J. Astrophys. Astr. (December 2017) 38:67
Nossal, S. M. 1994, PhD Thesis, University Of Wisconsin,
Madison, USA.
Nossal, S. M., Roesler, F. L., Coakley, M. M., Reynolds, R.
J. 1997, J. Geoph. Res., 102, 14541.
Nossal, S. M., Roesler, F. L., Mierkiewicz, E. J., Reynolds,
R. J. 2004, J. Geoph. Res. Lett., 31, L06110.
O’Dell, C. R. 2001a, Ann. Rev. of Ast. and Astrophys. 39,
99.
O’Dell, C. R. 2001b, PASP, 113, 29.
Pogge, R. W., Owen, J. M., Atwood, B. 1992, ApJ, 399,
147.
Reynolds, R. J. 1984, ApJ, Part 1, 282, 191.
Reynolds, R. J. 1985, ApJ, 298, L27.
Reynolds, R. J. Roesler, F. L., Scherb, F., Harlander, J. 1990,
Instrumentation in Astronomy VII, edited by D. Crawford
Bellingham: SPIE, 610.
Reynolds, R. J. 1991, ApJ, 372, L17.
Reynolds, R. J., Tufte, S. L. 1995, ApJ, 439, L17.

Page 13 of 13 67
Roesler, F. L. 1974, in: Methods of Experimental Physics,
edited by N. Carleton, 12 A, 532, Academic Press, New
York.
Sahan, M., Aksaker, N., Yegingil, I. 2007, Ter. Atmosph. &
Oceanic Sciences (TAO), 18, 85.
Sahan, M., Yegingil, I., Aksaker, N. 2009, Res. Astron. Astrophys. 9, 237.
Sahan, M., Aksaker, N., Yegingil, I. 2012, Astron. Nachr. /AN,
333, 153.
Sahan, M., Oflaz, F. M., Yegingil, I., Tel, E. 2015, Astron.
Nachr. /AN, 336, 1.
Sahan, M., Haffner, L. M. 2016, Astron. J., 151, 6, 147.
Scherb, F. 1981, ApJ, 243, 644.
Sharpless, S. 1959, ApJS, 4, 257.
Tufte, S. L. 1997, PhD Thesis, University of Wisconsin,
Madison, USA.
Wolfire, M. G., McKee, C. F., Hollenbach, D., Tielens, A. G.
G. M. 2003, ApJ, 587, 278.

