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Cygnus X is one of the closest giant molecular cloud com@em therefore an extensively
studied region of ongoing high mass star formation. Howetver distance to this region has
been a long-standing issue, since sources at galactictimiegdf 80 could be in the Local
Arm nearby (1-2 kpc), in the Perseus Arm at 5 kpc, or even irothter arm ( 10 kpc). We use
combined observations of the EVN plus two Japanese statiansasure very accurate parallaxes
of methanol masers in five star-forming regions in Cygnus Xriderstand if they belong to one
large star-forming complex or if they are separate entitieated at different distances. Here we
report our preliminary result for W 75N based on six epoch¥ldBl observations: we find that
W 75N is at a distance 0f.32f8;é% kpc, which is significantly closer than the reported values i
the literature (1.5-2kpc).
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1. Introduction

In the early days of radio astronomy, a conspicuously strertended source of radio emis-
sion was found around Galactic longitudeB0° and named the Cygnus X region [13]. It stands out
equally remarkably in infrared (IR) surveys of the Galaxy/A{} see e.g., the spectacular Spitzer
imaging [8]). Its associated Giant Molecular Cloud complex., [17]) is harboring many dense,
dusty, hot cores with embedded protostars [10]. This anghtbsence of several OB associations
and a superbubble driven by the O-stars’ stellar winds akasehe famous Cygnus Loop super-
nova remnant give testament to intense and widespreadostaation happening over (at least)
the past few millions of years (see, e.g., [5]; [1]; [19]).n& it is also thought to be relatively
near to the Sun, many of the above phenomena can be studeeéthtasgtail. The distance to this
remarkable "mini-starburst” region has been a long-stamdssue. It is still not clear whether
all clouds are at the same distance or whether we see a fwojexftseveral clouds at different
distances (see [17] and [18] for a detailed discussion). eikample, three OB associations have
distance estimates between 1.2 and 1.7 kpc, a differenceoad than 30%. This uncertainty of
500 pc is almost 10 times larger than the extent of the Cygnregkn on the sky — 2 by°3or 50
by 80 pc at a distance of 1.5 kpc. Thus, important physicalrmaters of objects in this region such
as luminosities and masses are uncertain by a facteRofThe situation is further complicated by
the fact that sources at a galactic longitude-d80° could be in the Local Arm and nearby{—2
kpc), in the Perseus Arm at5 kpc, or even in the outer arm at distances~df0 kpc (e.g. the
Cygnus X-3 microquasar). Fortunately, several 6.7 GHz am@ihmasers are known in the Cygnus
X region [20]. One can use this maser line for astrometry 18] jve have measured the parallax
and proper motions of five star-forming regions (SFRs) aadhied accuracies as good ag.232.
These were the first parallax measurements performed vétEtinopean VLBI Network (EVN) .

2. Observations and data reduction

The project EB039 contains eight epochs of observationk thig EVN plus two Japanese
stations (Yamaguchi and Mizusawa) between March, 2009Nawdmber, 2010, of which six were
already correlated and reduced — the results publishedanereased on these. Each observation
lasted 12 hours and made use géodetic-likeobservations to calibrate the tropospheric zenith
delays at each antenna (see [14], [4], [15] for a detailecudision).

Before we started the parallax observations, we obserwastadecompact NVSS [6] sources
within 2° from the maser source at 5 GHz with the EVN in eVLBI mode to whtheir positions
with sub-arcsecond accuracy. Finally, we used two exteagjal background sources, J2045+4341
and J2048+4310, within°2of W 75N and J2029+4636 from the VLBA calibrator survey [3}wi
a separation of 43 A typical observing run started and ended with hour of geodetic-like
observations and 10 minutes of observations of fringe finders. The remainimg twas spent on
maser/background source phase-referencing observafitresmasers in Cygnus X and the three
background sources were phase referenced to the strongest imW 75N, using a switching time
of 1.5 minutes.

The observations were performed with eight intermediaggfency bands (IF) of 8 MHz
width, each in dual circular polarization and 2 bits sanliyielding a recording rate of 512 Mbps.
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Figure 1: Parallax fit to 4 maser spots using 2 background sourcesr(cotied). The left panel shows a

fit to all maser spots, and in the right panel the postions efntlasers have been averaged per epoch and
background source. The solid line represents the fit to thelpa signal in right ascension, while the dashed
line represents the fit in declination. Proper motions hdready been removed here.

The data were correlated in two passes at the Joint InsfaudL Bl in Europe (JIVE). The maser
data were correlated using one 8 MHz IF band with 1024 sdettignnels, resulting in a chan-
nel separation of 7.81 kHz or 0.41 kmsat 6.7 GHz. The background sources were correlated in
continuum mode with eight IFs of 8 MHz width with a channel agpion of 0.25 MHz. The data
were reduced using the NRAO Astronomical Image Processystes (AIPS) and ParselTongue
[7] following the description in [16].

3. Resultsand discussion

We detected 6.7 GHz methanol masers towards five SFRs: W 7BI20DDR 21A, DR 21B,
and OB2. W 75N has 14 different methanol maser featuresiagitt a velocity range of 3 —
10 km s1. The parallax of W 75N was based on four maser spots whichargpact and have
well-behaved proper motions, making them suitable forltg¢ditting.

The parallaxes and proper motions were determined fromtiaage in the positions of the
maser spot(s) relative to the background source(s). Theveate fitted with a parallax and a linear
proper motion. We made combined fits with respect to eachdraokd source, assuming one
parallax but different proper motions for each maser spetcadse the position measurements of
different maser spots are not independent, we multipliegthor of the combined fit by'N, where
N is the number of maser spots. However, this will overestinthae error, if significant random
errors are present (e.g., owing to maser blending and stalathanges over time), since the latter
are not correlated among different maser spots. Followiegapproach of [2] we calculated the
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average positions with respect to each background sourgerafmoving their position offsets and

proper motions. Then, we performed a parallax fit on theseageel data sets relative to each
individual background source, and on both the backgroundces combined. This approach has
the advantage that we can reduce the random errors, whiiedeie systematic errors unaffected.

Figure 1 shows the 6-epoch results for four maser spots in NWih respect to two back-
ground sources, J2045+4341 and J2029+4636. After avgréiggnmaser spots in each epoch, the
combined fit to both background sources yields a parallax Z8@&* 0.057 mas, corresponding to
a distance of B2a5kpc. This is significantly closer than the distance rangéliterature of
1.7 to 2.1 kpc which is often based on distance estimate®tGylg OB associations.

For understanding whether Cygnus X consists of severalnnamied SFRs the distances to-
ward all the different SFRs must be measured very precisélgh addition of the two epochs
observed this November, and one more year of observatid2®lih, we intend to reach accuracies
of better than 3@as — which translates to error bars of 50 pc at a distance &fpt.3In addition
to the parallaxes we will publish the three-year proper ortiof the methanol masers.
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