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Optical image 
(from Gaia poster)

Our Galaxy

Galactic Center

from us to GC is ~8.5 kpc

To study impact of Galactic structure on 
SF require accurate distances of ~10 kpc

It is one of the main goals of 
ESA’s Gaia satellite



Gaia mission
Launched 19 Dec 2013, Arrived in L2 on 
8 Jan 2014 

Mission lifetime: 5 years

astrometry, photometry, and 
spectrometry of 109 stars ≥G=20m

accuracies up to 7μas

per Stellar Type (G mag) estimate max 
5σ distance. O5 star (Pickles 1998): 
Av=0 mag, dmax~28kpc,
Av=5 mag, dmax~10.5 kpc,
Av=10 mag, dmax~4.5 kpc,
Av=15 mag, dmax~1kpc

Gaia launch

Gaia fairing sticker
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Herschel infrared Galactic Plane Survey
(Molinari+ 2010)

Galactic plane optical parallaxes limited by dust extinction, 
@radio frequencies: no extinction and high angular resultion



radio 
interferometers up 
to 36 km baselines

radio VLBI 500 - 
9000 km baselines

Very large baseline interferometry

EVN
VLBA VERA



compact (barely resolved) and strong radio emission

nonthermal continuum emission e.g., from nearby T-Tauri stars 
(e.g., Loinard+ 2011, Torres+ 2012) 

nonthermal emission from colliding wind binaries (Ghez+2013) 
and black hole binaries (Miller-Jones+ 2009, Reid+ 2011) 

Galactic scale (~700 pc and up) use masers
 22 GHz water masers (e.g., Hachisuka+ 2006)
12.2 GHz methanol (e.g., Xu+ 2006)
6.7 GHz methanol (e.g., Rygl+ 2010)
43 GHz Sio masers (e.g., Kim+ 2009)

Sources for Radio Parallaxes



Most masers in star-forming regions

S106 HST image  (NASA/ESA)

water masers, Xu+ 2013
12.2 GHz methanol masers, 

Moscadelli+ 2009

shocks to collisionally pump water 
masers

bright YSO to radiatively pump 
class II (e.g., 6.7, 12.2 GHz) 
methanol masers

Exclusive for 
high-mass stars 
(Breen+ 2013)

So, tracing the most 
dense gas in the disk



Most distant maser parallax 11.11±0.75 kpc W49N (Zhang+ 2013)
Radio π accuracies of up to 5 μas,  π(mas) =1/d(kpc)
Important are reference sources, scheduling of observations,     
# maser features

Parallaxes & Proper motions (i)

Maser features and and their individual 
peculiar motion in W49, Zhang+ 2013

Fig. 3.— Parallax and proper motion data (markers) and best-fitting model (dotted line) for the maser spot
at the VLSR of –44.77 km s!1 in W49N. Plotted are positions of the maser spots relative to the extragalactic
radio sources J1905+0952 (circles), J1922+0841 (squares). Left panel: Eastward (upper panel) and northward
(lower panel) o!sets versus time. Right panel: Same as the left panel, except the best-fitting proper motion
has been removed, displaying only the parallax signature.

Fig. 4.— Averaged positions (circles) and relative motions (arrows) with mean value removed of maser
spots respective to reference maser spot located at (0, 0) mas in W49N. The color bar denotes the VLSR

range from –98 to 68 km s!1 of the maser features. The length and the direction of an arrow indicate the
speed (given by the scale arrow in the upper right of the panel), the size of the arrow head is proportional
to the uncertainty of the motion.
(This figure is available in color in the electronic version.)
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Distance sets the size, 
luminosity, mass and age of 
an object
From proper motion: small-
scale kinematics, trace disks, 
outflows, expansion, shells
Determine membership and 
formation history of a region



Parallaxes & Proper motions (ii)

Average proper motions to derive the 3-d 
space motion of the star-forming region in 
the Galactic disk
Each proper motion μ consists of:
μtot = μsun +μgalrot + μpec,SFR

Important: Solar UVW vector 
(11.1, 12.2, 7.2) km/s (Schoenrich+ 2010)

Use large set of maser UVW motions to fit 
Galactic parameters, R0, θ0.

GC

VW

U



Cygnus X complex - membership?

One of the largest nearby 
complexes of star-forming 
regions and OB stars (Downes 
& Rinehart 1966, Sridharan+ 
2002, Schneider+ 2006, Motte
+ 2007, Wright et al. 2010, ...)

Unsure if it is one complex, or 
many regions along l.o.s. 
(several spiral arms)

Dkin impossible < 4kpc at l ~80 
degrees

Cygnus 53

the majority of objects seen in this region are located at the same distance, i.e., that of
the OB1, 2, and 9 associations at !1.7 kpc. This is thus supporting the view of other
authors (e.g., Véron 1965, McCutcheon & Shuter 1970, Landecker 1984) that Cygnus
X can be understood simply as a large Strömgren sphere surrounding the Cyg OB2 and
related associations. Schneider et al. (2006, 2007) also noted that the more diffuse
emission at lower Galactic longitudes (’Cygnus X South’) – compared to the more
clearly defined filamentary structures seen in the DR21 region at higher longitudes
(’Cygnus X North’) – can be due to the fact that Cygnus X South is on the near side of
Cyg OB2, and Cygnus X North on the far side. However, different evolutionary stages
may also play a role.

In the following, we discuss some of the most interesting regions in Cygnus X.

3.1. The Cygnus Super-Bubble

The combined effects of stellar winds from massive stars and supernova explosions can
produce large cavities filled with hot (!106 K) low-density (!10!3 cm!3) gas (e.g.,
McKee & Ostriker 1977), called ’super-bubbles’. Very large expanding super-bubbles
(reaching a size scale comparable to the thickness of the Galactic disk) break out of the
Galactic plane and thus couple halo gas with the disk both chemically and dynamically.
In the Milky Way, only a few such bubbles have been identified. One of those is the

Figure 14. A 35 square degree 13CO 1-0 map (in Galactic coordinates) of line
integrated emission towards the Cygnus X region obtained at the FCRAO (Simon et
al. 2008).

13CO (1-0)
Simon et al. 2008
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Masers in Cygnus X
6.7 GHz 
methanol maser
EVN+Japanese 
antennas

22.2 GHz water 
maser
VLBA
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4 SFRs are at 1.40±0.08 kpc 
(Rygl+2012)

NML Cyg 1.61±0.13 kpc (π, 
Zhang+2012)

Cyg OB2 Dphot = 1.5 kpc 
(Hanson 2003)

Cygnus X is a giant SF 
complex!
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3.33

Stroud+ 2010
1.5-1.8

Dzib+ 2013: 1.65

1.24

0.96

Kobulnicky, 
Kiminki & students

1.40

Eclipsing Binary 
distances of early type 
stars (Stroud+2010, 
Kobulnicky) and coll. 
winds binary π (Dzib
+2013) all 1-1.8 kpc

methanol 
maser

water 
maser

NOT all part 
of Cyg X!



3d space motions Cygnus X

Formation of Cyg X?
Expanding HII region
(McCrutcheon & 
Shuter 1977, Schneider
+ 2006)

(Rygl et al. 2012)

Cyg OB2
3d space motions of 
SFRs Cyg X do not 
suggest an expanding 
HII region..



VERA & BeSSeL

Large maser parallax surveys



VERA Parallaxes
VLBI Exploration of Radio Astrometry, Japan

Dual beam antenna, specialized for 
astrometry

Water, methanol and SiO masers

Galactic structure, ABG stars, High-
mass star-forming regions

M. Honma, Nagayama T., Ando. K.,
Bushimata, T., Choi Y.-K., Handa T., Hirota, 
T., Imai H.,Kim M., Kameya O., Kawaguchi 
N., Kobayashi H., Kurayama T., Kuji 
S.,Mstsumoto N., Manabe S., Miyaji T., Motogi 
K., Nakagawa A. Nakanishi H., Niinuma K.,Oh 
C., Omodaka T., Oyama T., Sakai N., Sato 
K.,Sato M., Shibata K., Shiozaki, S., Sunada 
K., Tamura Y.,Ueno Y. and  Yamaguchi A.



Some highlights..
No. 5] Astrometry of S Crt with VERA 1017

Fig. 4. Angular distribution and internal motion vectors of maser spots in S Crt. The spot color indicates the LSR velocity (see color index at the
bottom). The stellar velocity of S Crt is 37.85 km s!1. The arrow at the bottom-left corner indicates a proper motion of 1 mas yr!1, corresponding to
2.04 km s!1 at the distance of 430 pc. The shaded-circle indicates the size of the stellar photosphere. The dashed line represents a circular fit to the maser
distribution, and has a radius of 14.2 mas (see subsection 4.2 for details). The cross indicates the estimated stellar position. The bold arrows V 1 and V 2

are the eigenvectors for the largest eigenvalue indicating the major axes of maser distribution.

The reference source J1147!0724 exhibited an unresolved
structure. The correlated amplitude as a function of (u; v)
distance is flat, and the upper limit of the source size is 0.8 mas
(FWHM), which is the minor axis of the synthesized beam in
the present observation. In addition, we confirmed that the
images of J1147!0724 showed no distinctive change during
the observations.

3.2. Maser Distribution and Internal Motions

In figure 4, we present the angular distribution and three-
dimensional velocity field of maser spots in S Crt covering
a 60 mas " 60 mas region. The maser spot with an LSR velocity
of 34.7 km s!1 is placed at the map origin. At a distance of
430 pc, 1 mas corresponds to 0.43 AU, and 1 mas yr!1 corre-
sponds to a velocity of 2.04 km s!1. The color index in figure 4
shows the LSR velocity range from 34.0 to 41.0 km s!1. The
blue- and red-shifted components are separated into the north-
east and southwest parts of the area. The relative motion
of each spot (vx , vy) with respect to the reference spot are
used to determine the average motion ( Nvx , Nvy ), and hence
we obtained ( Nvx , Nvy) = (!1.605 mas yr!1, !0.252 mas yr!1).
We then subtracted ( Nvx, Nvy) from (vx, vy) to obtain the

internal motions (Vx, Vy), which are presented by the arrows
in figure 4. We successfully detected the internal motions of
26 maser spots. The typical transverse speed was obtained to
be 2.72 mas yr!1, corresponding to 5.56 km s!1, by averaging
the internal motions of all 26 spots. The parameters of the
motions are presented in table 2 in the increasing order of the
LSR velocity.

For the reference spot, we subtracted the internal motion
from the proper motion (!X , !Y ), and thus, the proper motion
of the S Crt system was estimated to be (!3.17˙0.22 mas yr!1,
!5.41 ˙ 0.22 mas yr!1). In the new HIPPARCOS catalog
(van Leeuwen 2007), the absolute proper motion of S Crt was
(!3.37 ˙ 1.00 mas yr!1, !4.67 ˙ 0.75 mas yr!1), representing
good consistency with our result within the errors.

4. Discussion

4.1. Errors in the Positions

Since it is difficult to identify contributions to the posi-
tional errors in individual VLBI observations (Kurayama et al.
2005; Hachisuka et al. 2006; Honma et al. 2007; Sato et al.
2007; Hirota et al. 2007; Imai et al. 2007), we applied errors

AGB stars, e.g.Nakagawa+ 2008, 
Choi+2008 (VY CMa), ..

10 H. Imai et al. [Vol. ,
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Fig. 2. Relative proper motions of H2O maser spots in IRAS 18286!0959. The origin of coordinates is set to the position-reference
maser feature, which was selected from di!erent features between the epochs in 2007–2008 (IRAS 18286!0959:I2013-14) and those
in 2009 (IRAS 18286!0959:I2013-36) . Colors of maser feature indicate LSR velocities. An arrow shows the relative proper motion
of the maser feature. The root position of an arrow indicates the location of the maser feature at the first of the epochs when
the feature was detected. The length and the direction of an arrow indicate the speed and direction of the maser proper motion,
respectively. (a) Proper motions identified in 2007–2008. The annual parallax and secular motions of maser spots were measured for
those in the position-reference feature at the map origin. The systemic motion (or the motion of star), which was estimated in the
least-squares model fitting, is subtracted from the measured proper motions. A magenta plus symbol denotes the estimated location
of the dynamical center of the modelled outflow. A magenta arrow indicates a proper motion (!51, !85)[km s!1], corresponding to
(!3,!5)[mas yr!1]. If the relative motion of the position-reference feature has this motion vector with respect to the system, the
systemic motion well follows a motion expected from the Galactic rotation curve. (b) Same as (a) but in 2009. A mean motion of
(20, !130) [km s!1] is subtracted from the individual measured motions.

Water fountain source monitoring & 
astrometry Imai+2013

2009

IRAS 18286-0959

2007
-2008
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BeSSeL survey 
In honour of Friedrich W. Bessel, who 
measured the first parallax in 1838 of 61 
Cygni (π=313.6±20.2 mas, Bessel, MNRAS, 
1838)

Measure parallaxes of 200 SFRs using the 
VLBA with 6.7 and 12.2 GHz methanol and 
22 GHz water masers

Individual distances, proper motions, 3D 
space motions (U,V,W)

Determining the distance to the GC, the 
rotational velocity, rotation curve, and trace 
the spiral arms and bar

GC

VW

U

First papers are out:
Sanna+2014 inner 4kpc
Xu+2013 Local arm
Zhang+2013 Perseus arm
Reid+2014 Gal. param.



BeSSeL + past work: 100 SFRs

Reid+2014

Maser astrometry from 
VLBA (BeSSeL), VERA 
(~15), EVN (~9)Outer arm

Perseus arm

Local arm
Sagittarius arm

Scutum arm

Inner arm



Unravelling the inner Galaxy 
(Sanna+2014)

(Sanna+2014)
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Fig. 6.— Schematic view of the spiral arms of the Milky Way across the four Galactic
quadrants after Taylor & Cordes (1993) with updates. The best-value of R0 = 8.38 kpc from

Reid (2013) is assumed. The location of the Galactic bar (i.e., the bulge) and the central
“long” bar as from Churchwell et al. (2009) are also reported as an open and light-grey

ellipsoids, respectively. Positions of the inner Milky Way sources from Table 4 are labeled as
well (red dots) together with error bars. Dotted lines drawn from the Sun position across the
first and fourth Galactic quadrants mark the tangents to major spiral arms as from Vallée

(2008). The near 3 kpc arm tangents at ±23! are adopted following Dame & Thaddeus
(2008). The azure ellipsoid outlines the locus of the 3 kpc arms following the best fit model

to the !-v position of 6.7 GHz masers by Green et al. (2011), with a total width of 0.5 kpc.
See the electronic edition of the Journal for a color version of this figure.

Dust lanes along the bar: the 
connecting arm in external galaxies 

NGC1300/ HST composite

first traces of Galactic 
connecting arm (d, UVW)
if 3kpc arm continuous ellipse 
Rcorotation≥3.6 kpc



Nature of  Local arm (Xu+ 2013)

Local arm or spur?

Pitch angle 10.1±2.7 deg, 
similar to Sag and Per arms

Probably branching off 
Perseus arm.. 
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Fig. 13.— Peculiar motion vectors of methanol (blue dots), water (green dots), SiO (pink

dot) masers, and continuum emission sources (red dots) in the Local arm after transforming
to a reference frame rotating with the galaxy, using values of R0 = 8.3 kpc and !0 = 239

km s!1 (Brunthaler et al. 2011). A motion scale of 10 km s!1 is indicated in the bottom
left corner of the panels. The background is a model of the Milky Way of Cordes & Lazio
(2002). The galaxy is viewed from the north galactic pole, it rotates clockwise, and the Sun

is at (0,8.3) kpc. [See the electronic edition of the Journal for a color version of this figure.]

(Xu+ 2013)

Local Arm
770 P.A. Patsis et al.: Interarm features in gaseous models of spiral galaxies

Fig. 15. Isodensities of a “4/1” model for NGC 1566. In this gaseous

model the spiral arms and the interarm features are equally strong

the response of several similar models we tried. In this partic-
ular case we have c=6 km s!1 and (!,")=(1.,0.2), i.e. a rather
viscous model. The main interarm features (“i1”, “i2”) are bi-
furcated at the point where the symmetric part of the main spiral
arms (“a1”, “a2”) ends. One can observe how the spirals deviate
from the imposed spiral (overplotted dotted line) beyond the
4/1 region. The double arm features (“d1”, “d2”) appear in the
model as a continuation of the “i1” and “i2” spurs. This matches
the morphology of the galaxy (cf. Fig. 15 and Fig. 14a).

3.4. NGC 2997

NGC 2997 is a type Sc(s)I.3 galaxy (RSA). The logarithmic part
of its arms can be approximated by a spiral with i=!22."4 as de-
fined by the principle dust lanes of the deprojected image using
(P.A.,I)=(92", 45"). Assuming a distance modulus of 13.6 Mpc,
the end of the symmetric part of the spirals corresponds to a dis-
tance of 8.1 kpc from the center. Placing the 4/1 resonance there,
as in Patsis et al. (1990), we get !s = 12.4 km s!1 kpc!1 for
the spiral pattern speed. For a rotation curve obtained by fitting
the data of Peterson (1978) we defined the following parameters
for the axisymmetric potential: vmax=172.3 km s!1, fb = 0.19,
#b=4.42 kpc!1 and #d=0.26 kpc!1, while the parameters for the
imposed spiral are i = !22."4 and #s=0.26 kpc!1. The relative
radial force perturbation is Fr "10%. In stellar “4/1” models
one obtains a very high level of self-consistency (Patsis 1990),
yielding a close match between the density map and the imposed
spiral (Fig. 8a in Patsis et al. 1991).

On blue images of NGC 2997 we observe several strong
interarm features. Most pronounced of them is an extension of
the southern arm “a1” towards north-west with a different pitch
angle than the one of the main spiral as seen in Fig. 16. The
bifurcation of arm “a1” is labeled with “i1”. The end of the
symmetric spirals is characterized by the presence of fragments
of short arms just ahead of the main m=2 pattern. The fragment
“d1” close to the southern arm is stronger. However, a similar but
weaker feature (“d2”) can be observed also close to the northern

Fig. 16. A deprojected blue image of NGC 2997, using (P.A.,I)=(92!,

45!). West at top, north on the right

arm. Due to their presence, the main arms seem to bifurcate
close to their symmetric end. Another feature on the blue image
of NGC 2997, is a corner-like feature indicated by an arrow at
the south.

The amplitude of them=1 component in the “4/1” models is
!1=0.15. It is enough to reproduce asymmetries in the response
of the gaseous disk and a morphology of the model similar to the
ones described above. Recent observations in the NIR indicate,
that the m=1 component in NGC 2997 is significant (Block et
al. 1993, 1994). In Fig. 17 we give three snapshots of the SPH
model after 5, 7 and 10 pattern rotations. The gaseous response
reproduces the basic features observed on the deprojected image
of the galaxy. The interarm features have not always the same
intensity, but are clearly described and reflect the underlying dy-
namics of our model. We observe bifurcations of the arms at the
end of the symmetric spirals. Fragments of arms in this region,
like feature “d1” in Fig. 17 are present and have their coun-
terpart in features “d1” and “d2” of Fig. 16. The asymmetric
extension of the southern arm can also be observed in the model
and is labeled with “i1”. Finally the tendency for a corner-like
interarm feature in the southeastern interarm region is evident.
In some snapshots, like in Fig. 17b it is very sharply defined
(shown by an arrow). Several “4/1” models were calculated by
varying the spiral amplitude, the sound speed and the parameters
for the artificial viscosity. The symmetric part of the spirals was
clearly described as soon as the relative radial force perturbation
Fr was larger than 7%. However, the strength of the interarm
features was dependent on the c and (!,") values used. In the
snapshots of Fig. 17 we used a sound speed 7 km s!1, while for
the artificial viscosity we have (!,")=(0.2,0). In models with
larger viscosity (for the same sound speed) the features were
stronger. In pure stellar models they were weak, compared with
the main spiral. This indicates, that they might be enhanced by
the presence of pressure and viscosity in the gaseous models.
The fact that the corresponding strong interarm features on the
blue images of the galaxy, like feature “i1”, are very faint in NIR

Isodensities of model
for NGC 1566 (Patsis+ 1997) 



New Galactic Parameters (Reid+ 2014)

Fitting Galactic models to 
astrometry of ~80 SFRs:

R0=8.34±0.16 kpc
θ0=240±8 km/s
dθ/dR =-0.2±0.4 km/s/kpc
using Solar motion of 
Schoenrich+ 2011
consistent with GC proper 
motion (Reid & Brunthaler 
2004)

– 23 –

Fig. 4.— Rotation curve for all high mass star forming regions with measured parallax and proper

motion in Table 1. Plotted is the circular velocity component, Θ, as a function of Galactocentric

radius, R. The transformation from heliocentric to Galactocentric frames uses the parameter values

of fit A5, based only on sources with R > 4.0 kpc; these sources are plotted with filled red symbols.

The sources not used in the final fitting are plotted with open blue symbols. The dashed red line

indicates the fitted rotation curve (model A5) given by Θ = Θ0 − 0.2(R − R0) km s−1, where R

and R0 are in kpc. The dash-dot black line is the best fit “Universal” rotation curve (model D1) for

spiral galaxies (Persic, Salucci & Stel 1996), which begins to capture the clear velocity turn down

for stars with R <∼ 5.0 kpc.

Reid+2014

Consistent prev. results Honma+ 2012 results 
of 52 SFRs: 
R0=8.05±0.45 kpc, θ0=238±14 km/s and 
Reid+ 2009 of 16 SFRs:
R0=8.4±0.6 kpc, θ0=254±16 km/s



Galactic Rotation of  SFRs vs stars

Maser parallaxes trace the youngest objects 
(~1Myr) in the Galactic plane

 Would we see an age gradient between the 
stars from Gaia and the maser in SFRs such 
as in other spiral galaxies?

Can we find evidence of star formation in 
the arms vs. spurs (see talk Schinnerer, 
Dobbs)? difficult.. no good distance for gas..

M51 -Whirpool Galaxy 
Age distributions of clusters in galaxies 399

Figure 2. For the galaxy models representing (a) a spiral with a fixed pattern speed, (b) a barred galaxy, (c) a flocculent spiral and (d) a tidally induced spiral
at the times shown in Fig. 1, we show here the estimated positions of star clusters of various ages. The galaxies with a relatively constant pattern speed [the
fixed spiral (a) and the bar (b)] contain younger stars in the spiral arms or bar, with older (100 Myr) stars downstream in the interarm regions. The distribution
of stellar clusters is more complicated in the flocculent (c) and tidally induced spirals (d). For the flocculent galaxy, each segment of a spiral arm tends to
contain clusters of a similar age. In contrast, the tidally induced spiral generally shows a complex and somewhat incoherent distribution. The grey regions show
sections across spiral arms which are used to produce the 1D plots showing the distribution of clusters of a given age versus distance across the arm (measured
as an angle ! ) and shown in Fig. 4. These are discussed in Section 7.

exactly steady, these paths would represent gas streamlines, but as
can be seen there is some mixing present in the spiral shock. We
mark points corresponding to the predicted locations of stellar clus-
ters with ages 2, 50 and 100 Myr. These points correspond to the
locations in the particle’s trajectory at 2, 50 and 100 Myr after the
first density maximum of the gas in the shock (typically there is
only one density maximum over the duration the gas spends in the
spiral arm).

We tested whether our assumption that gas pressure does not
strongly change the locations of the clusters by running the calcu-
lation with a fixed spiral potential from 205 to 255 Myr, and from
125 to 255 Myr without gas pressure. The first case corresponds to
clusters of age 50 Myr, and the second 130 Myr. For the 50-Myr
clusters, the mean difference in the locations of clusters with and

without gas pressure was 30 pc, and only a tiny fraction (2 per cent)
of the clusters is displaced by more than 100 pc. For the 130-Myr
clusters, a larger fraction (25 per cent) exhibits displacements of
more than 100 pc, as the clusters go through the next spiral arm.
However 100 pc is still small compared to the length scales in our
simulations, so the overall distribution of clusters calculated with-
out pressure occupies a similar area to that shown in Fig. 2, even
after 130 Myr.

We did not include self-gravity in this calculation, which may
alter the location and dynamics of the spiral shock (Lubow, Cowie
& Balbus 1986). However in view of observational evidence that
gas clouds are actually slightly unbound (Heyer et al. 2009; Koda
et al. 2009), the self-gravity of the gas is likely to be much less
important than assumed in the calculations of Lubow et al. (1986).

C! 2010 The Authors. Journal compilation C! 2010 RAS, MNRAS 409, 396–404
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Conclusions
VLBI astrometry can obtain distances up to 10+ kpc with less than 
10% error bars

At large scales it can yield the Galactic rotation speed and R0, and 
trace spiral arms (location and pitch angles)

At intermediate scales, membership/from. history studies: Cygnus 
X is a giant complex of SFRs located at 1.4 kpc, not (only) formed 
by HII region expansion

At small scales the masers trace outflows, disk rotation, and 
expanding motions

Galactic structure through combination of Gaia & radio parallaxes 
Cygnus X, 3-color 
Herschel image
(HOBYS, F. Motte, 
M. Hennemann) 






