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Abstract We present 4 emission line measurements of the W80 nebula complex. A
total of 26 regions have been observed inside the nebulatdtDual Etalon Fabry-
Perot Optical Spectrometer system at the /48 Coudé fottise0150 cm RTT150
telescope located at TUBITAK National Observatory in ApgalTurkey. The inten-
sities, local standard of rest velocities, heliocentridiahvelocities and linewidths
for full width at half maximum of the K emission lines have been determined from
these observations. They lie in the range of 259 to 1159 RAV(R; 1R = 16/4x pho-
tonscn?sr st =241 x10""ergcnm? srtstatHa), 4to12 kmst, -3

to —11 km s! and 44 to 55 km's', respectively. The radial velocity measurements
show that there are several maxima and minima inside W80n&heresults confirm
findings in the literature that the complex seems to be rathigorm in terms of radial
velocity and no turbulent motion is seen inside the compl&e average value of the
calculated emission measure for the region is 3.1 pccm

Key words: instrumentation: interferometers — ISM:IHregions — techniques:
radial velocities — techniques: interferometric

1 INTRODUCTION

The North America (NGC 7000) and Pelican (IC 5070) Nebulammex, together cataloged as
W80 (Westerhout 1958), is- 3° east-southeast of Deneb in Cygnus. The region is locatetjalo
the line of sight of the Cyg OB6 and OB7 associations which g of a structure known as
the Cygnus superbubble (Uyaniker et al. 2001). Accordirg itecent study, an O5V star (2MASS
J205551.25+435224.6) is located close to the geometrtercefithe complex (Comerbn & Pasquali
2005). In the same paper, an assumed distance of 610 pc is fgivéhe exciting source of W80.
Straizys & Laugalys (2008) have identified a few more pdgdilighly reddened O-type stars that
contribute to the ionization of the North America and Pelioabulae. These two regions (NGC 7000
and IC 5070) are separated by a dust lane, L935 (Lynds 196&)hwes in the north-south direction.
The W80 nebula complex, as a classical legion, is very important for understanding the
nature (physical structure, kinematics etc.) of such stimes. Studying Hi regions helps us to de-
termine their sources of ionization (Aksaker et al. 2011d smunderstand how these regions are
related to the general structure of the ISM (Reynolds et@881 Hausen et al. 2002). Therefore, ob-
serving Hil regions in a visual band using amkmission line gives valuable information (Aksaker
et al. 2011; Fich et al. 1989). However, it is difficult to meecurate measurements of line fluxes
by using traditional long-slit spectroscopic techniquescause of the low surface brightness and
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spatially extended emissions from largel Hegions. Instead, high resolution spectral analysis of
these faint, spatially extended sources requires hightsétysand wide fields of view (FOVs) for
spectrometers, examples of which are the Dual Etalon Fadmgt®ptical Spectrometer (DEFPOS)
(Sahan et al. 2005; Sahan et al. 2009; Aksaker et al. 20a9}teWisconsin H-Alpha Mapper
(WHAM) (Tufte 1997; Haffner et al. 2003).

The radial velocity with respect to the local standard of (&5sr), the full width at half max-
imum (FWHM), and the intensity of theddemission line are obtained very precisely by DEFPOS
observationsly,sg can be used for investigating the internal mechanisms ssicheaturbulence
and inhomogeneities (Courtes et al. 1962; Williamson )9vie@asuring the FWHM of the W and
another emission line from a heavier atom (e.d. & S*) can be used to separate thermal from
nonthermal motions in the gas (Reynolds 1988). The measatedsity of Hx provides a value
of the emission measure (EM) along the line of sight, which lba used in conjunction with the
scattering measure, rotation measure and dispersion nectasstudy interstellar turbulence (Tufte
et al. 1999; Haffner et al. 1998). These data help us to utadetproperties such as the nature of
H 1l regions and the warm ionized medium.

The layout of this paper will be as follows: In the first patbservations (Sect. 2.1) and data re-
duction (Sect. 2.2) are given. Thér,sgr for these regions is estimated in Section 3.1. The FWHM
and its intensity are estimated in Sections 3.2 and 3.3eatisly. Our conclusions and some sug-
gestions for future work are given in the last section.

2 OBSERVATIONS AND DATA ANALYSIS
2.1 Observations

The observations were obtained using the DEFPOS instruore2010 September 18-20 at the
TUBITAK National Observatory (TUG), Antalya, Turkey. TheHBPOS spectrometer measures the
Ha emission line covering a 200 knt's (4.4A) spectral window with a spectral resolution of
30 km s ! and an FOV oft. Detailed information about the instrument, optics, thetrods of data
analysis, and the related intensity calibration can bedauarour earlier works (Sahan et al. 2005;
Sahan et al. 2009; Aksaker 2009; Aksaker et al. 2009).

A total of 26 regions were selected in the W80 complex by eramgithe bright regions from
the Digitized Sky Survey (DSS). Thus, a high signal-to-noise ratio (SNR) was obthimethe
observations. Present observations covered the brighbptre W80 complex with seven regions
belonging to IC 5070 and the rest to NGC 7000. Exposure tines selected to be 2400 s in order
to reach an optimum SNR. A journal of observations, inclgdime region ID numbers (Col. (1)),
coordinates (Cols. (2) & (3)) and observation dates (Cq), (¢ given in Table 1. The observations
are also shown as turquoise circles on the DSS image of ti@regFigure 1.

2.2 Data Reduction

The observations were recorded by the 202848 CCD camera mounted on RTT150 and DEFPOS
as described in Sahan et al. (2009). The instrumentaltsfieast be removed from the resulting CCD
images before any data analysis can occur. This processasaiseries of steps including dark, bias,
and flat field corrections, to remove the effects of cosmis rhgd columns, and spurious reflections
due to the optical system in DEFPOS. Reduced circular CCy@wmare then converted to one
dimensional kv spectra with 50 data points in each row by implementing asimgming procedure
(Coakley et al. 1996). A data reduction pipeline for DEFP@&csra is available in Interactive Data
Language (IDL) as described in Aksaker (2009) and Sahah €@09). A sample reduced CCD
image and its final spectrum are shown in Figure 2.

1 http://skyview.gsfc.nasa.gov/
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Fig.1 Optical image of the W80 region (DSS image) that is comprisédwo HIl regions,
NGC 7000 (North America Nebula) and IC 5070 (Pelican Nebubg)h the dark lane L935 separat-
ing them. Turquoise circles show the relative size and jpositof the observed regions. The black
circle near the center marks the position of the excitinga®identified by Comeron & Pasquali
(2005). The irregular polygon in the region being invesigashows the area modeled by DEFPOS
data, corresponding to the field shown in Fig. 4. The greenocoriines were obtained from the
brightness value of the DSS image to show borders of the aeblihe coordinates are J2000 deci-
mal degrees.
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Fig.2 The brightest regions inside W80 were selected as a targetandescribed in Table 2.
(a) A sample CCD image taken on 2010 September 19. (b) Theaogl ghows the spectrum and
bottom panel shows the residuals of the fit. The spectrumistsnsf 50 spectral elements, each
corresponding to a 200 kn'$ spectral window. The real spectrum and the best fit spectoutimet
real spectra are shown with + symbol and dotted line respdyt{a + symbol represents 4 km 5
which is equivalent to 0.08% in wavelength). The dashed horizontal bar defines the el (see
the text for further details).
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Table1 Journal of Observations (exposure time = 2400 s)

Coordinates

Region Number 2000 82000 Observation Date
(h:m: s) e
1 20:58:10 43:24:59 2010 Sep. 18
2 20:59:17 43:30:32 2010 Sep. 18
3 20:59:56 43:40:34 2010 Sep. 18
4 20:59:41 43:50:02 2010 Sep. 18
5 20:59:10 43:57:19 2010 Sep. 18
6 20:59:22 44:05:52 2010 Sep. 18
7 21:00:00 44:19:05 2010 Sep. 18
8 21:02:44 44:41:35 2010 Sep. 18
9 21:00:44 44:36:01 2010 Sep. 18
10 20:59:24 44:38:56 2010 Sep. 18
11 20:58:04 44:15:10 2010 Sep. 18
12 20:56:29 44:27:08 2010 Sep. 19
13 20:53:46 44:24:51 2010 Sep. 19
14 20:54:33 44:29:10 2010 Sep. 19
15 20:57:49 44:43:51 2010 Sep. 19
16 20:51:02 44:35:33 2010 Sep. 19
17 20:51:06 44:23:10 2010 Sep. 19
18 20:50:10 44:15:49 2010 Sep. 20
19 20:52:49 44:08:44 2010 Sep. 20
20 20:51:29 44:04:07 2010 Sep. 20
21 20:51:05 44:33:29 2010 Sep. 20
22 20:57:13 44:33:10 2010 Sep. 20
23 20:58:41 44:37:03 2010 Sep. 20
24 20:58:20 44:29:24 2010 Sep. 20
25 21:01:53 44:01:08 2010 Sep. 20
26 21:01:32 43:59:20 2010 Sep. 20

The SNR of a spectrum, which is derived from an image, can leleded as the ratio of the
amplitude of the K line to the amount of scatter in the residuals. The 2400 skdagration time
provides an SNR of 20 for a 900 R line. Details of the calculation of the SNR fotad@mken by
DEFPOS can be found in Aksaker (2009).

By using a fitting program, the best Gaussian profile for epglttsum was obtained and the
best curve fitting for the data is shown in Figure 2. The valuthe coefficient of determination is
R?=0.984, whereR?=1 corresponds to a profile with a perfect regression fit. Titenisity, radial
velocity and line width of each & spectrum were defined with the same procedure.

The real data points and their best fitting spectral shapstemein with (+) symbols and the
dotted line in Figure 2(b), respectively. In albHspectra, the horizontal axis is expressed in terms
of the velocity scale (kms') and the vertical axis is the intensity in terms of [R (km ¥ ']. The
radial velocities are given with respect to the Local Staddd Rest (LSR) which is shown with
a vertical dashed line at 8.9 kntsin Figure 2(b). The velocity calculated from these: idata
with respect to the LSRI{.gr) is about 4.2:0.5 km s Its line width arising from the FWHM is
convolved to result in a velocity valug sr of 54.7+1.4 km s . The corresponding intensity of the
Ha line is 1159.4-45.6 R.

The center of the geocoronabHs known to be shifted by —2.33 knT§ from the rest wave-
length of the recombination line at 6562,782{Haffner et al. 2003; Aksaker et al. 2009). Thus, the
LSR velocity values were corrected Bysg = —V{gg — 2.33 km s™". V{gg was computed from
the velocity value of the best fit.

The instrumental line width of DEFPOS itself was measureatiezdo be 29.5 km s! using a
Thorium-Argon (Th-Ar) hollow cathode lamp. This value igyelose to 30 kms!, the instrumen-
tal resolution of DEFPOS over the spectral window near the Fherefore, the line width values are
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Table2 DEFPOS Hy Observations from the W80 Nebula Complex

Region Intensity FWHM VLsr VHEL log(EM)
(R) (kms1) (kms™1) (kms™1) (pc cnr %)
1 1035.450.6 52.9£1.7 8+0.6 —8.0+0.6 3.4
2 953.14:43.3 53.1%*1.5 10.40.5 —5.2+0.5 3.3
3 1031.437.7 50.7#1.3 12.5-0.4 —3.4+0.4 3.4
4 692.6-29.6 52.6:1.4 11.3t0.5 —4.6+0.5 3.2
5 846.3:31.9 46.91.2 12+0.4 —-3.9+0.4 3.3
6 974.4-38.1 47.6:1.3 10.9+0.4 —5.0+0.4 3.3
7 436.8:27.4 45.32.0 10.6£0.7 —5.3+0.7 3.0
8 594.5-30.6 48.9:1.7 4.9+:0.6 —10.9+0.6 3.1
9 424.8+34.7 46.5:2.5 6.40.9 —9.24+0.9 3.0
10 721.1439.6 51.41.8 4.4+0.6 —11.5+0.6 3.2
11 586.74-35.4 49.6£1.9 9.3+0.7 —6.7+0.7 3.1
12 813+34 51.A41.4 8+0.5 —8.0+0.5 3.3
13 342.9:32 47.4-3.6 591.1 —10.2£1.1 2.9
14 259.8£26.5 45.743.1 5511 —10.6+1.1 2.8
15 1159.4:45.6 54.#1.4 4.2+0.5 —11.8+0.5 3.4
16 537. #4345 50.#2.1 7+0.7 —9.2+0.7 3.1
17 850.7440.1 55.5:1.6 5.6-0.6 —10.6+0.6 3.3
18 324.1434.1 52.23.7 11.8:1.3 —4.5+1.3 2.9
19 447.8£49.9 48.8:4.0 8.9+1.3 —7.3+1.3 3.0
20 360.6:25.3 48.2:2.2 8.3:t0.8 —7.9+0.8 2.9
21 472+25.1 48.9-1.7 6.2-0.6 —10.0+0.6 3.0
22 678.3:t32.5 49.9:1.5 8.740.6 —7.3+0.6 3.2
23 764.3t39.2 48.6£1.6 5.9-0.6 —10.0+0.6 3.2
24 1019.%47.4 61.5:1.8 11.2+0.6 —4.8+0.6 3.4
25 290.2-29.8 46.8:3.1 52-1.1 —10.6+1.1 2.8
26 351.2£29.3 44.32.4 8.5t0.9 —7.3£0.9 2.9

convolved by using a line fitting program and the intrinsielividths are estimated by the quadratic
subtraction of the 30 ks instrumental line width (Aksaker et al. 2009).

In order to perform the intensity calibration for the DEFP@&a, a standard nebular source
was used each night before the observations. All calibmatiwere then tied to an absolute in-
tensity measurement of the central part of NGC 7008 at 20"58™04%.0, § = +44°35'43".0
(equinox=2000.0) within a- 4’ spatial resolution. The &l surface brightness at this point is about
900 R within the beam as measured by Aksaker et al. (2009).

3 RESULTS

The intensity (11, in R), radial velocity (expressed & sr andVugr), and line width (expressed
as FWHM) of Hx emission lines measured from the W80 complex are given iheTabtogether
with their ID numbers (Col. (1)) and EM values, which are give a logarithmic scale (last col-
umn). VgL, values were calculated using the equatorial coordinatds/aggr . Errors due to the
scatter in the spectral data points have been determinedlbylating the standard deviation using
a least-squares Gaussian fitting program. All 26 DEFPOStispirom the W80 complex with their
associated fits are shown in Figure 3. All spectra are plaitethe same scale to clearly show the
differences. The properties of the regions are furtherrilesd below.

To complete the analysis, we also constructed two dimeabimaps of intensity)isg and
FWHM using the data with interpolation techniques. Coroggping maps are givenin Figure 4. The
maps were obtained with the help of TRIANGULATE and TRIGRLEtions written in IDL using
the observations.
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Fig.3 DEFPOS spectra (velocity [km$] versus intensity [R (km s')~']) of the W80 nebula
complex, with their region numbers as given in Tables 1 ansh@wn in their upper right corners.

3.1 The Visr

All the radial velocities are presented with respect to tiRLThe systematic uncertainties in the
data are typically 2-3 kms. The contribution to this uncertainty from the velocity ibahtion
that is random noise represents less than 2 kin(see Table 2), the same as in previous works
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Fig.4 Interpolation maps of the W80 complex using the measuresity,V1.srg and FWHM data.
The areas identifying IC 5070, L935, NGC 7000, observedoregand dotted contour lines are in
the same locations as Figure 1.

(Aksaker et al. 2009; Aksaker 2009). The average radialoii¢Vi.sr) is 8.5:0.6 km s™! for
NGC 7000, 7.4-0.9 km s ! for IC 5070 and 8.2:0.7 km s™! for the entire W80 complex. Also, the
average radial velocityl{gr,) is —7.4£0.6 km s™! for NGC 7000, —8.8:0.9 km s°! for IC 5070
and —7.8:0.7 km s™! for the entire W80 complex.

One can accept that these values could be taken as the yalbbiGC 7000 with respect to the
LSR. In general, inside both the NGC 7000 and IC 5070 compleke radial velocities decrease
towards the north. There are several maxima and minimaendi@C 7000. The radial velocity
of the periphery of the “Gulf of Mexico” region is almost tharse as the average radial velocity.
The fastest radial velocity is 124%.4 km s! (region 3) towards the south of NGC 7000, near the
Gulf of Mexico, and the slowest is 40.5km s ! towards the north of NGC 7000. Average values
for NGC 7000 of 8.3:0.6 km s and for IC 5070 of 7.40.9 km s'! are quite near each other
and differences between NGC 7000 and IC 5070 are less thamtteztainties involved. We can
conclude that W80 seems to have a rather uniform radial irgldistribution.

3.2 TheFWHM

The systematic uncertainty in the FWHM ofoHs always less than the size of each data point
(< 4 km s71) in the spectra. The random noise in the data is similar taddel velocity values.
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The average FWHM i$0.2 + 1.8 km s~ for NGC 7000,49.7 + 2.8 km s~! for IC 5070 and
50.0 £+ 2.1 km s~ ! for the entire W80 complex. The central parts of NGC 7000 &h8070 have
a wider FWHM than the other regions. This could be a clue alovutr temperature values inside.
However, we do not have any information about the emissiogsliof heavier elements which may
further substantiate this conclusion.

3.3 Thelntensity

There was approximately a 15% uncertainty in the absoltémgity calibration plus a 9% uncer-
tainty emerging from the sources of random photons in tha dhtained from W80. The average
intensity is743 + 36 R for NGC 7000, 44933 R for IC 5070 and 65836 R for the W80 complex.
A bright line can be seen in Figure 4, which follows a path froonth to south of NGC 7000. The
night sky brightness is about 250 R. Thus, both NGC 7000 ar&DI{D can be seen in the night sky
with the naked eye.

We also calculated EM (in the absence of extinction) fromBbEE-POS data integrated over
velocitiesVi,sg < 100 km s! using EM= [n2dl = 2.7579-°I, (pc cnt %), wheren, is the
local electron densityjl is the distance element to the source regien, is the Hy intensity in R
andT, is the temperature of the gas in units1of* K (Haffner et al. 2003; Reynolds et al. 2005).
A temperature of about 8000 K for both regions (NGC 7000 an&0C0) is consistent with the
widths of the Hy, [O I] and [S II] emission lines (e.g., Reynolds 1988). Theakulations of EM
values are in line with the above calculations and are gindrable 2. The averageg(EM) is about
3.1 pc cnt ¢ for the entire W80.

4 COMPARISON WITH OTHER WORKS
4.1 TheWHAM

Another Fabry-Perot spectrometer currently in use is theAMHObservations with WHAM offer

a spectral window within 200 knts (about 4A near Hx) with a velocity resolution of 8—12 knts
from a one-degree, spatially integrated beam of the skyf(ldagét al. 2003). With its large-aperture
(2° field of view) design and modern CCD technology, WHAM can detmissions as faint as
0.05 R in a 30s exposure. The calibrated spectra and veliotégal maps are available and can
be downloaded from the WHAM websitenpw.wham.astro.wisc.edu). The WHAM data cover the
W80 region with five data points which have galactic coortésaintensity},sg and FWHM values
listed in Table 3.

For the WHAM data of the W80 region, mean values for the irtgnsr.sg and FWHM are
264.3 R, 2.6 kms! and 33.2 km s', respectively. Comparing the WHAM data and DEFPOS data
is not the right approach because of the different FOVs. HWewét can be seen that the values for
Visr and FWHM from both instruments are in agreement.

Table3 The WHAM Data Near the W80 Nebula Complex

| b Intensity VLsr FWHM
() () (R) (kms ') (kms')
84.2820 -0.0027 135.7 4.5 44.8
84.7820 0.8475 73.2 1.0 44.2
85.2621 -0.0027 189.1 3.3 35.3
85.3014 -1.7008 483.3 0.8 40.0

85.7614 —0.8508 311.4 5.1 33.2
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4.2 Fountain et al. (1983)

The multiple slit echelle spectrograph observations afwkre used to map the radial velocities
of the W80 complex by Fountain et al. (1983) (hereafter F&8 instrument has 2/ x3’ FOV, a
12.7 cm aperture and a dispersion resolution of A2Bm—!. They measured the radial velocity
and FWHM of the Hv line in different areas of the W80 complex. The mean valudelfygy, for

the complex is —15:45.5 km s! and the mean value of FWHM is 28:0.6 km s°!. Although we
have achieved results that are similar to F83, there was closa agreement because of differences
in the FOV and number of data points. They also reported tlvagseno significant variation in radial
velocity.

5 DISCUSSION AND CONCLUSIONS

There are many images from flux calibrated Burveys of the northern sky with high spatial reso-
lution, such as the INT PhotometricHsSurvey of the Northern Galactic Plane (IPHAS; Drew et al.
2005) and the Virginia Tech Spectral-Line Survey (VTSS; Bisan et al. 1998). Although data from
these surveys have better spatial resolution, they do olotde velocity information. For this reason,
they cannot solely provide sufficient information to undansl Hil regions. Currently, high spectral
and spatial resolution Fabry-Perot spectrometers, sutheascanning Fabry-Perot interferometer
(Godbout et al. 1998), Integral Field Spectroscopy (IF§, &ahnke et al. 2004) and echelle spec-
trometers (F83), can show small-scale velocity fluctuatiinrbulent motion) inside H regions.
However, acquiring these higher resolution data is a chgédoecause of long exposure times and
large sizes of data sets.

The DEFPOS instrument incorporates the advantages of edtimiques. It can precisely mea-
sure the intensitylfy,, ), line width (FWHM) and radial velocityl(.sr) of Ha. Such a spectrometer
is a unique tool for investigating thedHemission line from diffuse sources likelHegions.

By analyzing the DEFPOS data from W80, we find the resultirigrisity (g.), line width
(FWHM) and radial velocity ¥i.sr) of Ha are in the ranges of 259 to 1159 R, 44 to 55 kml s
and 4 to 12 km s!, respectively (see Table 2). Their respective averageesadue 65336 R,
50.0+2.1km s ! and 8.2:0.7 km s°.

The average radial velocity/figr,) is —7.4+0.6 km s°! for NGC 7000, —8.8:0.9 km s for
IC 5070 and -7.8:0.7 km s™! for the entire W80 complex. F83 found that the mean valudsef,
are —15.4-3.7 km s for NGC 7000, —14.84.1 km s! for IC 5070 and —1545.5 km s™! for
the entire W80 complex. Also, Hippelein (1973) gave a he@iddc radial velocity of —15.7 and
—-16.4km s for NGC 7000 and IC 5070, respectively.

The DEFPOS spectrometer has the ability to perform precéssorements, including the radial
velocity (Visr) of Ha. However, it cannot obtain detailed information about tleibt motion inside
the nebulae because of the relatively wide FOV. Its radikloity data can be utilized to verify the
presence of large-scale velocity gradients. This is apylgran the radial velocity map of the W80
complex (see Fig. 4). Results of earlier works produced @ggmicture of the dynamics of the
W80 complex. No turbulence has been identified in the W80 ¢exgnd this is confirmed with the
new DEFPOS data.

There are several maxima and minima inside NGC 7000 and 10.507e averagéog(EM)
value calculated, using R ofdd is 3.1 pc cnr® for the entire W80.

The profile plots in Figure 3 for regions 1-6 show bright limeboth /11, andV1,sr. Moreover,
FWHM values from the same regions are also wider. This regimws a circular ionized nebula
around an early type star (2MASS J205551.25+435224.6)wiepresents a classicallHegion.
This could be verified with the help of more data in other wemgths.

The 2400s integration time per beam provided an SNR of 5—2thtbobserved 260-1160 R
line intensity with widths of 46-55 km™s. For comparison, note that a 30's integration time per
beam provides an SNR of 20 for a weak 0.5 R line having a widt2Ookm s™! (see Tufte 1997).
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Using different equipment, our measurements seem to hatelqw SNR values. However, these
values are good enough to analyze weak diffuse objectsthat @ large area.

There is an expected correlation between fhg and the FWHM values of the dd line.
However, the same could not be established between eitbtdfWHM and thel;,sg or between
I, and theligr values. By repeated observations, changes in physicaépiep over time could
be obtained. This is one of our future aims.
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