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Data Analysis and Simulations of the
Large Data Sets in the Galactic Astronomy

Eduardo B. de Amoéres
SIM - Faculdade de Ciéncias da Universidade de Lisboa
Portugal

1. Introduction

In the last decades large data sets covering a wide range of both resolution and observed
regions have been accumulated in the Astronomy. Follow-up technology involving the
storage and the access to these data is also necessary to develop methods and tools that will
allow their usage.

In this chapter, I will review the use of the large data sets in the galactic astronomy, most of
them covering almost entire area of the sky in the several wavelengths, for both the diffuse
data provided by IRAS, DIRBE/COBE, molecular and hydrogen surveys and point sources
catalogues as provided by stellar large-scale surveys such as DENIS, 2MASS, SDSS, among
others. A brief description of these surveys and how to access them in the context of Virtual
Observatory will be also presented.

Numerical simulations have an important role in understanding and describing the nature
of the observations. Particularly, large-scale surveys data can be also used to validate
numerical models. I will present models and methods that describe the Galactic structure
taking into account the hydrogen atomic distribution in our Galaxy, obtaining galactic
parameters such as scale-height, spiral arms parameters, the co-rotation radius.

One of the biggest problems describing the spiral arms in the Galaxy from the gas
distribution resides in the fact that some interpretations in the literature for ¢-v the
diagrams have not been updated in respect to rotation curves using old values for the
distance from the Sun to the Galactic center. Another problem resides of the difficulty in
describing the non-circular motion.

My choice in the present work is to describe the spiral structure by adopting an empirical
model (section 3) which is based on the analysis of HI distribution by means its tangential
directions and the observed ¢ -v. One of the aims of the present paper is to carry out self
consistent inter-comparisons of our results regarding different tracers of the spiral structure.
The models of the spiral structure presented here were first introduced by Amores & Lépine
(2005, ALO5) in which two models were proposed to describe the interstellar extinction in
the Galaxy (see section 4 of this chapter). Model S consists in obtaining extinction
predictions taking into account the spiral structure of our Galaxy. In this model, the
extinction grows by steps each time a spiral arm is crossed and remains almost constant in
the inter-arm regions. The models were also compared with other samples of objects and
regions as pointed by Amores & Lépine (2007).

As galactic interstellar extinction is a crucial obstacle when observing in the highly obscured
regions, it is important to model it properly. I will present the recent efforts in this area. I
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30 Numerical Analysis — Theory and Application

will present my model for interstellar extinction, its applications and comparisons with
other models and maps available in the context of the Virtual Observatory called GALExtin.
Star counts models are also important if one wants to estimate the counts that will be
observed by large surveys (GAIA, DES, VVV, LSST, among others). A few simulations for
large surveys using star counts are presented in section 5. Conclusions and final remarks are
presented in section 6.

2. Large data sets

Large data sets are very important in whole Astronomy. In combination with models these
can be used to construct methods to analyze and to interpretate the observed data. They can
also be used in order to tune models allowing obtain the best values for a given set of
parameters.

Particularly in the galactic Astronomy they can be used in order to obtain parameters of the
galactic components, as the thin and thick disk, bulge, bar and galactic halo. Figure 1 shows a
representation of our Galaxy structure that is composed basically of four components: disk
(thin and thick), bulge, bar and halo. In the disk there is a presence of the spiral arms with
young stars while in the halo there are most of the old stars (Robin et al. 2003 and references
therein). The shape and properties for each component can be obtained by adjusting
parameters of the galactic halo (such as eccentricity, shape) that can also allow us to identify,
for instance, the existence of streams and satellite galaxies. (Majewski et al. 2003).

Globdarﬁnl:ers

Halo
Fig. 1. Schematic Milky Way scheme

On the other hand, large data sets in the galactic Astronomy have an advantage to expand to
a wide range of wavelength, from radio to high-energies. The first large surveys were
obtained in the radio wavelengths in the decades of 1950-1960 (Kerr 1969) observing atomic
hydrogen or HI. The author showed for the first time some interesting aspects of our Galaxy
structure, as the warp, flare, spiral arms, among others and be also useful in the
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extragalactic astronomy, like for instance the extinction maps elaborated by Burstein &
Heiles (1978,1982) based on them. The most recent HI survey is based on the LAB (Leiden-
Argentine-Bonn) survey that observed each point of the sky spaced by 0.5 and 0.25 degrees
for galactic longitude and latitude producing for each one, what is called spectrum, i.e. the
variation of intensity with velocity (Kalberla et al. 2005).

Figure 2 shows the distribution of the integrated intensity, i.e. the sum of the spectra for
each coordinate, for all-sky as observed by LAB survey. It can be seen that most of the
emission is concentrated for galactic latitudes |b| < 15° denoted by green, yellow and red
colors but a significant part of the emission extended up to|b| ~ 50°. One can see a long tail
in the emission ranging from 120° to 200° reaching south galactic pole.

H| intagratad intensity [K K]
7 T T T
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Galactic laliluds
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Fig. 2. Map for integrated intensity for neutral hydrogen in galactic coordinates obtained
from LAB survey (Kalberla et al. 2005).

Table 1 shows some large surveys useful for galactic structure studies based on other
wavelengths as CO that is particularly interesting to identify star-formation regions. Due to
the distribution of the interstellar dust in the galactic plane, it obscurates the observations in
some wavelengths as in the optical, for instance. Observations performed at infrared
wavelengths penetrate through the dust grains and allow us to observe beyond. An
extraordinary advance in the study of galactic structure was obtained with IRAS satellite
(1983) that observed almost 96% of the sky in four infrared bands followed by DIRBE/COBE
experiment in 1992.

Catalogs with stellar sources, as 2MASS (Cutri et al. 2003), SDSS, are also very important in
the study of the galactic structure. Concerning 2MASS, Skrutskie et al. (2006) published a
catalog which contains 1,647,599 observed extended sources using the classification
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32 Numerical Analysis — Theory and Application

algorithms provided by Jarett et al. (2000). As this catalog also contains sources with bad
photometry quality, contamination or confusion source due to either intrinsic 2MASS
properties or high crowded fields for more detailed works is mandatory to select those
sources in respect to quality criteria.

Figure 3 shows a map in galactic coordinates for 2MASS extended sources for all-sky with
region observed by Vista Variable in the Via Lactea (VVV) survey (Minniti et al. 2010) region
(bulge and disk) represented by white dashed line. The grid of this map is one squared
degree for both longitude and latitude.

3. Simulating galactic structure from Hl data

This section is organized as follows. Section 3.1 presents the data used in the present work, an
analysis from the main emission peaks observed in the HI and CO galactic distribution is
presented in section 3.2. Section 3.3 presents the procedure adopted for describing the spiral
arms as well the galactic rotation curve used in the present work. The ¢ -v diagrams obtained
from the fitting of the parameters of the spiral arms for the HI is presented in section 3.4. A
discussion concerning the co-rotation point in our Galaxy is presented in section 3.5.

Wavelength Survey Coverage References
HI Berkeley 10°< ¢ <250° (|b| <10°) | Weaver & Williams
(1973)
Parkes 240° < ¢ <350°(|b| <10 Kerr et al.
(1986)
NRAO -11°< 0 <13° Burton & Liszt
(1983)
LAB All-Sky Kalberla et al.
(2005)
Near infrared 2MASS (point All-Sky Cutri et al.
sources) (2003)
2MASS (extended All-Sky Skrutskie et al.
sources) (2006)
Optical SDSS 10,000 square degrees Adelman-McCarthy
et al., (2009)
Proper motion UCAC-3 All-Sky Zacharias et al.
(2010)
Mid and far- IRAS All-Sky Hauser et al.
infrared (1984)
Near/mid and DIRBE/COBE All-Sky DIRBE Explanatory
far-infrared Supplement
CcO Dame 0°< ¢ <360°(|b| <10°) Dame et al.
(1987,2001)
Stony-Brook part of galactic plane Clemens et al.
(1986)

Table 1. List of some of the main surveys used in the galactic structure studies.
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Fig. 3. Galaxy counts obtained by 2MASS. Dashed white line represents regions observed by
VVV.

3.1 Data

Hartmann & Burton (1997) published a HI survey based on observations called
Leiden/Dwingeloo HI survey that mapped the 21-cm spectral line emission over the entire
sky above declinations of -30 degrees using a grid spacing of ~ 0.5 degree and a velocity
sampling of ~1.03 km/s.

Kalberla et al. (2005) published the LAB (Leiden/Argentine/Bonn) survey which contains
the final data release of observations of 21-cm emission from Galactic neutral hydrogen over
the entire sky, merging the Leiden/Dwingeloo Survey of the sky north of -30° with the
Instituto Argentino de Radioastronomia Survey of the sky south of -25°. The angular
resolution of the combined material is HPBW ~ 0.6°. One of the improvements of this new
survey consists of also doing corrections on the stray radiation. The LAB survey has been
extensibly used in several applications as pointed by Bajaja et al. (2005), Kalberla et al.
(2005), Haud & Kalberla (2007), Kalberla & Haud (2006) among others.

In the present chapter, I have employed the HI data from the LAB survey. This data
comprises galactic longitudes from 0° to 360° and galactic latitudes from -90° to 90° for both
the intervals the 0.5° and up to 1 km/s in velocity. The data are stored in 720 (b,v) fits file
maps at longitude intervals stepped by 0.5°.

3.2 The HI and CO main emission complexes

The ¢ -v diagram constitutes an important and useful tool in studying the galactic structure.
Reproducing it allows us to obtain relevant information about the distribution, the position
and the gas density in the spiral arms, etc. Furthermore, the visualization and interpretation
of the /-v diagrams is also essential for their comparison with ones obtained from the
predicted models, allowing us to analyze the structures that correspond to the spiral arms
from the qualitative point of view, and also to obtain information about the velocity field for
the HI and CO.

One way to perform a qualitative study of the ¢ -v diagram consists of estimating the points
which correspond to the main peaks for these two gas components from their observed
spectra. This task can be performed by fitting the gaussian for the observed HI and CO
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34 Numerical Analysis — Theory and Application

spectra. This procedure allows us to identify the regions that delineate the main structures
observed in the 7 -v diagrams. The fitting of gaussians allows us to obtain the central value,
the intensity and the width of the peaks that contributed most in the observed spectra.
Gaussian fits were obtained in the observed HI and CO spectra at each interval of 1 and 2° in
longitude for HI and CO (in the galactic plane, i.e. b = 0°, respectively. The results of these
procedures are also available since they may also be useful in other studies. Since some
points with lower intensities can cause confusion in the identification of the large HI
structures, for each spectrum the points were excluded for which the intensity is 30% less
than the peak with the maximum intensity. This represents approximately 20% of the points
obtained with this fitting procedure.

The ¢ -v diagrams obtained with this gaussian fitting procedure are presented in Figure 4. It
can be seen that the HI distribution (Figure 4a) is given almost for the entire Galaxy while
the CO emission is mainly predominant in the inner Galaxy (Figure 4b) since the CO is
mainly concentrated in the spiral arms (see also Figure 5 of AL05).

o] L e e e e L e e T s e e 200 [T

Velocity [km/s]

—2000 e R R SR ] 200F I 1
200 100 0 100 200 200 100 0 ~100 ~200
Longitude [Degrees] Longitude [Degrees)

Fig. 4. ¢ -v diagram obtained from the gaussian fits performed for HI (a) and CO (b) spectra

In Figure 4a, one notes the presence of a spiral arm feature for (¢ ,v) = (~ -20,-120°) which
also can be seen for HII regions (Amores 2005). In the case of CO (Figure 4b) it is widely
know that this component is distributed in the molecular cloud complexes that constitute
the main place for star formation in our Galaxy. The fact that the molecular clouds and the
CO emission are good tracers of the spiral structure is related to the interstellar shocks that
occur in the spiral arms which produce an increase of the density transforming HI into H»
(Marinho & Lépine 2000).

In Figure 4b, it is also possible to identify two tangential directions for ¢ +30° and ¢ + 50°. In
the northern Galaxy, the component ¢ ~ 30° splits into two other components, the first one at
¢~ 30° and the other at ¢ ~ 25°. This feature was first identified by Solomon et al. (1985) from
his observations in CO and it is also mentioned by Englmaier (1999). A detailed overview of
the main characteristics observed in the ¢ -v diagrams for CO can be found in Fux (1999).

3.3 Description of the empirical models for the spiral arms

From the analysis of external galaxies it can be seen that the spiral logarithm (6 o InR) fits
real galaxies better than any other spiral curves. In my models the spiral arms are
represented by the logarithmic spiral:

R =1, exp [(6-&)) tg()] (1)
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in which rp and are the polar coordinates which represent the initial arm radius and i is the
pitch angle. In this way, to describe a spiral arm four parameters are necessary that specify
the arm position in the galactic plane: ry, &), i, 46 (the arm length). In addition to these
variables, an extra term (3i) was added to the pitch angle in order to produce an effect of
variable inclination angle.

Russell & Roberts (1992) from the morphological analysis of the galaxies NGC 5457 and
NGC 1232 found an expression to describe the variation of the pitch angle in the spiral arm.
This expression is given by i= ZAn(r /1,)" in which A, are the coefficients that represent
the perturbation term A ... A3 e ro corresponds to the initial radius of the spiral arm.

A comparison between the observed /-v diagrams and ones obtained from fitting the
parameters of the spiral arms will be presented in the next section. The main procedure
consists of tracing a sequence of points in the galactic plane, i.e., in the X-Y coordinates
(Figure 5a) in order to draw a hypothetical spiral arm segment. The next step consists of
verifying whether this represents an observed structure (Figure 5b). If so, it is determined
the distance to the galactic center for each point of this arm segment. Once the distance is
obtained and its galactocentric radius.

100
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o
T
I
Velocity [km/s]
o
T
/

~100F
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200 100 0 -100 =200
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X [kpc]

Fig. 5. a-) Arm segment represented in the galactic plane; b-) representation of the same arm
in the ¢ -v diagram (the transformation from velocity into position is performed using the
Clemens rotation curve and geometric properties).

With the rotation curve, it is possible to plot the longitude and velocity for this point. In short,
X-Y positions were transformed into velocities. One position in the X-Y plane gives an unique
point in the / -v diagram without distance ambiguity.

Lépine et al. (2001) also presented a similar method to perform the representation of the ¢ -v
diagram for HII regions. The main differences between that work and the present one are: i-) I
reproduce the ¢ -v diagrams following an empirical scheme which describes the observed
characteristics in these diagrams and not for a purely theoretical model; ii-) introduction of the
velocity perturbation; iii-) presentation of the tangential directions obtained with my model;
iv-) presence of arms with several positions with different pitch angle and; v-) I have used
Russeil's catalog instead the Kuchar & Clark (1997) catalog for the HII regions.

In the present work, I also have used a modified Clemens rotation curve which is presented
in Figure 6 in which the points represent the original data obtained by Clemens (1985) from
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CO data for the interstellar medium. I introduced a modification in the original curve
provided by Clemens in order to set Ro = 7.5 kpc and to use a double exponential as
presented below:

0, = 340exp[-r /20.0-1.5 / r]+830exp[-r /0.73-0.3 / r] (2)

300 T T T T T T T T T T T

N
o
o

Velocity [km/s]

o
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ol . . P — P——
0 5 10 15 20
Galactocentric Radius [kpc]

Fig. 6. Rotation curve for our Galaxy determined from the interstellar gas data (Clemens
1985). The lines represent the fit described by the expression above and the points
correspond to the data obtained by Clemens.

A similar Clemens rotation curve represented as a double exponential was already
presented by Lépine et al. (2001). However, in the present work, I performed a small
modification in its parameters in order to improve the quality of the fit. In the present
rotation curve, the rms errors from the comparison of the observed data and fitted
expression by the first expression is equal to 5.043.

So, through the variation of parameters for the spiral arms (expression 1) were determined
the best fit for the observed structures in the ¢-v diagram which is also done verifying
whether the face-on representation of the Galaxy is plausible as well whether the tangential
directions are in agreement with the observed ones. It is also provide the Xi2 total estimate
calculated by the expression below:

2 = Y min((l, 1) + (2, -2 ) ®)

in which N denotes the number of fitted structures, Iy and I, are the observed and predicted
longitude, with the same notation applying for the velocities vy and v.. The function min
represents the fact that we get only the point with the least difference. A similar formula
was also used by Russeil (2003) in order to estimate the errors involved in the comparisons
with her models of spiral arms with the observed HII regions.

Since a simple model of circular velocity does not adequately reproduce some of the
characteristics observed in the ¢ -v diagrames, it is also necessary to introduce perturbation
terms in the calculated velocities. The use and the justification of these terms were first
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described by Ogorodnikov (1958) and is explained in detail by Mishurov & Zenina (1999a.b)
and Lépine et al. (2001).

3.3.1 Calculating the perturbed velocities

As explained above, the procedure consists of transforming X-Y galactocentric coordinates
of the arms into velocities. So each point with an X-Y coordinate has a corresponding point
(¢,v) in the ¢-v diagram that is calculated as explained below. The longitude is directly
obtained from X-Y galactic coordinates:

¢ =atan(

Y @

in which Ry is equal to 7.5 kpc which corresponds to the distance from the Sun to the galactic
center. This value is actually largely used and one of the first mentions of its use was by
Reid (1993). The final velocity is given by:

V=01 + vtany COS(f) * Vtanx Sin(l) ~ Usun (5)

in which vy, and vy, are tangential velocities projected in the X-Y plane; and v is
calculated from the expression below:

U= (Vr(R) + prot)Sin(g - 0) ~Prad COS(E - 9) (6)

Vr(R) means the value of the rotation curve for a given galactocentric radius (R), the py
term corresponds to the perturbation in rotation and vy, is the projected velocity of the Sun
calculated by the relation:

Oun =V, (Ro)sin(£) ~ 0, cos(0) )

sun

in which v,,; = 12.8 km/s.
The term which describes the radial and angular perturbation components is given by:

Prad = 0 8in(0.2 + a; R — 26) 8)

The term a, is described below:

a, = —8.0a10g(5) )
rC

in which r. was set equal to 8.3 kpc and represents the co-rotation radius (section 3.5). The

term a; = -0.4 represents the phase variation. The amplitude of the perturbation in the

rotation is described by the expression:

Prot =43 Sin(¢ - 20) (10)

in which a3 = 12.5%alog(R/r.). Due to the existence of the LindBlad internal resonance (ILR,
see Amaral & Lépine (1997, AL97)), the terms a, and a3 are set equal to zero for r <2.5 kpc.
The final values of these constants were obtained after some tests in order to reproduce the
characteristics observed in the ¢ -v diagrams for both HI and HII regions.
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3.4 Fitting the spiral arm parameters

In the next sub-section, the results of fitting the observed ¢ -v diagrams for the HI will be
presented. For each one, it is presented the estimate (Table 2) of the Xi2 obtained with
models in comparison with the observed features as well as the same estimate with the ones
obtained with a model of four arms and the superposition of 2+4 spiral arms. In order to
reproduce these diagrams, I have manipulated the parameters ry, €, i, 46 of the spiral arms
described in expression 1.

It should be noted that in performing these fitting procedures the objective is not only to
reproduce the observed (-v diagram but also to ensure that the parameters obtained
adequately reproduce the Galaxy face-on aspect and the observed tangential directions. In
the case of the HI, they should also account for the tangential directions in the longitudinal
profile for the integrated intensity (Figure 9).

Figure 7 presents the comparison between the observed ¢-v and the one obtained after
fitting the spiral arms parameters with the respective Galaxy face-on representation
provided in Figure 8. In order to better visualize the results, the arms are represented by
straight or dashed lines with different colors. The parameters are given in the Table 3. The
final Xi2 for this adjustment calculated by expression 3 is presented in Table 2, which also
shows the Xi2 expected with models of four and the superposition of 2 + 4 spiral arms.

Fig. 7. ¢ -v diagram for the HI. The lines represent the spiral arms and the points the data
obtained from the Gaussian fits for HI (section 3.2). The numbers correspond to the arm
parameters described in the Table 3.

For the model of 2 + 4 spiral arms I have used the Model proposed by Lépine et al. (2001)
with pitch angles equal to 6.8° and 13.5° for the pattern of 2 and 4, respectively. In the case of
four spiral arms, the model proposed by Ortiz & Lépine (1993) was used which consists of a
model with four spiral arms, all of which begin at ro equal to 2.3 kpc and with pitch angle
equal to 13.8° each one separated by a phase of 90°. I also add a local arm with i equal to
12.5° and size equal to 51°.

A number is presented next to each structure (according to the numbers presented in the
Table 3). In total, there are 17 structures, among them: arms, bifurcations, bridges. The
largest structures correspond to arms 1,2,3,4,7,11, located in the inner Galaxy with initial
radius varying from 2.5 to 4.0 kpc.
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Fig. 8. Face-on Galaxy representation, where the lines represent the spiral arms, with the

same colors as Figure 7.

Fig. 9. Longitudinal profile for the integrated intensity for the HI where the vertical lines are
the tangential directions predicted by the model.

HI model 5.265
4 arms 17.536
2+4 arms 8.189

Table 2. Comparison between the Xi2 square estimate obtained from my model and the ones

obtained from other models.

Figure 9 shows the longitudinal profile for the integrated intensity for the HI (b = 0°) that
was calculated from the HI surveys mentioned in section 3.1. The lines represent the
tangential direction for each arm in which the color follows the same representation adopted
above. Below a brief discussion is provided about each structure. Arm 7 with 1; = 6.22 kpc is
one exception of a long arm that does not begins at low radius. Arm 5, which is represented
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40 Numerical Analysis — Theory and Application

by the thin yellow line which can be seen in Figure 7, is a prolongation of arm 11 (green
dashed). Arm 11 has r; = 3.95 kpc with pitch angle equal to 9.40°.

However, to continue describing this arm and reproduce adequately the observed ¢ -v
diagram it is necessary to introduce a new arm structure with the pitch angle slightly
changed. This is done changing mainly the parameters 6 and r; in order to coincide with the
arm end. Note that without this modification the loop extremity will fall in (~ -70,-10°) and
not in (~-65,-20°) which represents a better description for the structures observed for the HI
in this direction. In summary, structures 5 and 11 represent a unique arm with a modified
pitch angle in order to reproduce the observed ¢ -v diagram. It should be noted that arms
with variable pitch that can also can be seen in other galaxies, such as M 81, for example.

arm i(°) radius (kpc) initial phase (°) 3i (°) size (°)
1 6.60 2.35 -31.0 0.0 240
2 6.70 3.80 195.0 0.0 330
3 7.10 2.57 155.0 0.0 200
4 7.50 3.80 -14.0 0.0 245
5 6.35 7.50 -2.50 0.0 182
6 7.50 7.60 163.0 0.0 155
7 4.20 6.22 228.0 0.0 149
8 -20.30 9.02 345.0 -1.80 24
9 11.55 6.44 225.0 0.0 135
10 7.77 7.36 -8.40 0.05 139
11 9.40 3.95 190.0 0.0 170
12 11.50 8.60 45.40 0.00 79
13 12.80 7.35 330.0 0.00 109
14 -40.0 11.40 315.0 0.0 31
15 12.0 10.10 -10.0 0.0 48
16 9.00 5.00 -45.0 0.1 25
17 11.10 11.10 -38.0 0.0 65

Table 3. Main parameters for the arms used to fit the ¢ -v diagram for the HI. Each number
represents the arm in the figure 7.

A similar characteristic is noted for arms 2 (dashed red), 6 (light blue) and 17 (dashed blue
light). In this case, if we increase the size of arm 2 (Figure 10a e 10b) without changing the i
and r; we obtain an inadequate description of the HI distribution at 0° < ¢ <-100°. Arm 6 is a
prolongation of arm 2, but with i = 7.5, which better represents the HI distribution in this
region with the line that passes through arm 6 (light blue) providing a good match for
almost all of the points in this direction. Arm 17 matches better the structures observed in -
140° < ¢ < -170° than arm 2. The i of the arm 17 is equal to 11.1°. An interesting characteristic
can be seen at the end of this structure which corresponds to a bifurcation (arm 14) as well
as the beginning of the other spiral arm (arm 17).

In the Galaxy face-on representation one also notes three structures that resembles bridges
(arms 8,10,14), two of them with i < 0. These structures were introduced in order to reproduce
the observed /¢ -v diagram. Structure 14 matches most of the points from ¢ ~-70°to ¢ ~-150°.
These structures could be explained by the proximity of the Sun to the co-rotation point (see
section 5). Similar characteristics were also assumed by De Simone et al. (2004).
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Fig. 10. a-) ¢ -v diagram with the modification of the extension for the arm 2 (red dashed)
from 330 to 600° b-) face-on aspect for this set of arm parameters. The color and the
representation are the same adopted in figures 7, 8 and 9.

The violet dashed line (arm 14) in Figure 8 represents a structure that seems to be a bifurcation
that begins in arm 15 (heavy green line). This arm describes the structures around ¢ <-100°in
¢ -v the diagram. Based on Figure 7, we observe that arm 9 reproduces adequately the
structures observed in the ¢ -v diagram for ¢ > 80°. This arm is a prolongation of arm 4 with i
=11.55. The continuation of arm 9 is arm 16 (heavy blue line) with i = 9.0.

McClure-Griffiths et al. (2004), while analyzing ATCA data, detected a structure that
extends from ¢ = 260° to 330° that they attributed to a spiral arm with i = 9.0°. This structure
was also found in our results as represented by arm 12 with i = 11.5°. Kerr (1969) published
latitude-velocity diagrams in which a bridge appears in the third quadrant toward positive
velocities. Kerr (1969) also presented maps with this feature extending from ¢ =-150° to -70°.
Davies (1972) also interpreted this region as relating to the end of a spiral arm associated
with high velocity clouds.

3.5 Co-rotation radius

Since the first HI observations the existence of a hole was seen in its distribution in the
Galaxy (Kerr 1969 and Burton & Gordon 1978). In these works, the authors noted a gas
deficiency in the radial gas distribution for R = 11 kpc, assuming Ro = 10 kpc. From the
theoretical point of view Marochnik et al. (1972), Crézé & Mennessier (1973) and AL97 also
found evidence that the co-rotation point, i.e., the point where the rotation velocity of the
spiral pattern coincides with the rotation curve of the gas and stars could be located in the
Solar neighborhood. The effect of the co-rotation can be understood in the following terms:
there is a region where movement exists pumping the gas inside and outside resulting in a
deficiency of the gas in these regions. This effect was also studied in detail by Suchkov
(1978), Goldreich & Tremaine (1978), Gorkavyi & Fridman (1994). Mishurov & Zenina
(1999a) also found evidence that the co-rotation point would be located near the solar
radius.

Amores, Lépine & Mishurov (2009, ALM09) analyzed the HI spectra of the whole galactic
longitudes range in steps of 0.5°, with galactic latitudes in steps of one degree in the range +
5° plus the additional latitudes + 10° detecting for each spectrum the velocity of the deep
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minima which are present, simply by identifying the channel with the lowest value of
antenna temperature.

They obtained that distribution of the density minima in the galactic plane, derived from
their kinematic distances from the Sun (is shown in Figure 11). The minima observed at
different latitudes are all projected on the galactic plane. The ring-shaped gap is circular and
very clear. It looks like the Cassini division in Saturn's rings.

20

—20 ~10 0 10 20

Galactocentric coordinates (kpc)

Fig. 11. Galactocentric distance distribution of the gaps for the whole sample of
measurements including different latitudes. The Gaussian fit is centered at 8.25 kpc
(Adapted from ALMO9, figure 4).

The analysis of HI spectra allows to determine the points in which the HI has a gap in its
distribution by means of an empirical method. The histogram with the galactocentric
radius of each one of these gaps showed that the most of them are located nearest the
solar radius which highlights the fact that the Sun is located at the co-rotation point in the
Galaxy.

4. Interstellar extinction

One of the main difficulties in the study of both properties of individual objects and the
galactic structure resides in the interstellar extinction determination. However, due to the
clumpiness distribution of the interstellar dust, it is difficult to model it. Several works have
been done in order to model the interstellar extinction distribution in the Galaxy, as
presented by Arenou et al. (1992), Hakkila et al. (1997), Méndez & van Altena (1997),
Drimmel et al. (2003), Amores & Lépine (2005), Marshall et al. (2006) among others. In
addition, some maps were elaborated in order to provide the integrated extinction along the
line of sight, as the Burstein & Heiles (1978,1982), Schlegel et al. (1998, SFD) for the whole
Galaxy, Schultheis et al. (1998) and Dutra et al. (2003) for the galactic center region, as well
as Dobashi et al. (2005) map for Ay for the whole Galaxy (|b| < 40°) based on the star counts
method.

It is very important and fundamental for many studies to know the interstellar distribution
in our Galaxy. This could be useful for estimation of distances and color corrections of
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objects for which the distance can be obtained by some other method, for star counts and
brightness models of the Galaxy, also for spectrum extinction correction, among other
applications. In this context, we are developing a VO-Service called GALExtin
(http:/ /www.galextin.org) that provides the interstellar extinction estimate for any
direction in the sky from: 2D maps and 3D models available and catalogs with extinction
measure as well as diffuse emission. It is also useful to study the distribution of interstellar
extinction towards star clusters. This service is very useful since most of the models and
maps require the installation of programs and large files. The users may provide a list with
coordinates and distances and the GALExtin (Amores et al. 2011a) will produce as an output
a list with extinction estimates for each object for a chosen model.

The determination of the interstellar extinction is fundamental for all fields of astronomy,
from stellar studies in which it is important to know the extinction towards a given object
from its coordinates and distances (3D Models), to extragalactic astronomy field; in this case
it is mandatory to know the contribution of the extinction of our Galaxy along the line of
sight.

Amores & Lépine (2005) proposed two models to describe the interstellar extinction in the
Galaxy (http:/ /www.astro.iag.usp.br/~amores) both based on the hypothesis that gas and
dust are homogeneously mixed, and that consequently, the known distribution of the gas
can be used to describe the dust distribution. In the first model (model A) it was assumed
that the Galaxy presents azimuthal symmetry, with the gas density depending only on the
Galactic radius and on the distance from the galactic plane; as a result, in any direction the
extinction increases smoothly with the distance from the Sun. In the second model (model S)
the spiral structure of the Galaxy was taken into account; the parameters of the spiral arms
were adjusted by fitting the observed longitude-velocity diagrams of different tracers, such
as: CO, 100 pm, HI and H II regions (Amores, 2005). In this model the integrated extinction
grows by steps each time a spiral arm is crossed, and remains almost constant in the inter-
arms regions (Amores & Lépine 2007, AL07).

In this latter work, ALO7 compared the extinction models with a sample of globular and
open cluster and elliptical galaxies. From the comparison with elliptical galaxies the
difference between Model A and Burstein & Heiles (1978) and Schlegel et al. (1998) were
around 20-30 %. Figure 12 shows a map with the comparison with SFD maps for whole sky
with 8 E(B-V), i.e. difference between Model A and the SFD maps.

As pointed by AL07 it can be seen regions (indicated by white color) in which the Model
A2 predicts less extinction than provided by SFD, i.e., the 6E(B-V) < -0.4, notably around
150° < ¢ <200° in a region that extends towards negative latitudes. This region was also
pointed by B03 as the region where there is a high variation in the gas-to-dust ratio.

The resolution and coverage of the different models and maps is another point that should be
taken into account in the extinction studies. There are models that provide better estimates in
the solar neighborhood up to distances equal to 1.0 kpc, while they fail to describe extinction
outside this distance. On the other hand, there are models that provide better values at 3.0 kpc,
but being imprecise at low distances. Depending on the assumptions used in their elaboration,
some models can be used only for a given region in the sky.

Another interesting issue in galactic extinction is the combination of different models. In
this sense, Amores & Robin (2011) studied the variation for interstellar extinction along a
line of sight joining the results from AL05 and Marshall et al. (2006, M06).
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Fig. 12. Map in galactic coordinates of 8E(B - V) from the comparison of AL07 model with SFD98
for the whole Galaxy, using a grip spacingof 0.25° in land b (Adapted from AL07, figure 3).
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5. Star counts simulations

Star counts models have been largely used in astrophysics. They constitute an important
and useful tool to study the galactic structure and its evolution. In particular, the Besancon
Galaxy Model (BGM) provides a Galaxy description in the evolutive point of view joining
both the kinematics and dynamics properties. One of the main differences in relation to
others star counts models resides in the fact that the BGM is dynamically self-consistent
(Bienayme et al. 1987).

The Besancon Galaxy Model (BGM) has been employed in a series of astrophysical
applications (Robin et al. 2003). In the context of the GAIA mission, the BGM is the Model
used to simulate the stellar content of our Galaxy. Amores et al. (2007) presented a
comparison and the improvements performed in the BGM - Java version in order to produce
similar results as produced by the BGM in the Fortran version. Robin et al. (2009) also
presented expected observations that will be performed by GAIA using BGM.

Amores & Robin (2011) are using BGM in order to retrieve the parameters of spiral arms
and other Galactic parameters, as warp flare by comparing BGM results with 2 MASS
observations using the genetic algorithms.

On the other hand, Amores et al. (2010) also presented simulations for the expected
observations that will be performed by VVV. Vista Variables In The Via Lactea (VVV) is an
ESO variability (Minniti, D., et al. 2010) survey that is performing observations in near
infrared bands (Z,Y, J,H and Ks) towards the galactic bulge and part of the disk, totalizing
an area of 520 square degrees. A total of 1920 observation hours (2009-2013) will be used at
VISTA, within a 5 year time lapse.

In order to predict star counts distribution towards the VVV region we made use of TRI-
Legal Galaxy Model (Girardi et al. 2005, G05) with galactic parameters as pointed by
Vanhollebeke et al. (2009) and GO05 considering VVV completeness limit, i.e. K = 20.0. For
other filters, we have cut (after simulation) at other VVV limits, i.e. Z=21.6, Y = 20.9, ] = 20.6,
H =19.0. The results are presented by Amores et al. 2011b.

Since VVV observes galactic plane regions it is very important to know the interstellar
extinction (Amores et al. 2009) distribution towards them. We made use of 3D Marshall et al.
(2006) interstellar extinction model. TRI-Legal predicts the star counts taking into account
three galactic components, i.e. bulge, disk and halo. For each simulated star there is a set of
properties as its distance, magnitude, gravity, temperature among others. From temperature
we determine the spectral type.

6. Conclusions

Concerning HI model to describe spiral arms positions from HI data, the results presented
in this chapter allow us to obtain the spiral arm positions based on HI distribution obtaining
the spiral arm parameters (ro, 6, i, 46) which reproduce the main observed features in the
¢ -v diagrams for HI. The tangential directions predicted by models are also consistent with
the ones predicted by other models, such as for instance the one proposed by Englmaier
(1999, see his Table 1), as can be seen in the peaks existent in the longitudinal profiles for HI
(Figure 9).

It should be noted that it is not being proposed a Galaxy with too many spiral arms, 17 for
the atomic hydrogen since many of the structures presented in this chapter only represent
prolongations of arms with different pitch angles which was necessary in order to
adequately reproduce the observed ¢ -v diagram.
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This is because a more simplified model would not be realistic. Many arm segments with
different pitch angles are needed because real arms are not well represented by a single
logarithmic spiral that follows a long path around the Galaxy. Furthermore, there are
bifurcations and some short bridges. Another difficulty related to HI consists in the fact that
these components are not only predominantly concentrated in the spiral arms, such as the
CO, for example. Instead, there is also an amount of HI in the inter-arm regions.

In this sense, the use of the method proposed by Amores & Lépine (2004) will also allow to
reproduce not only the positions of the arms but also their density, allowing the elaboration
of numerical /-v diagrams, to estimate width of the arms since they are not as thin and
well-resolved as presented here.

In relation to interstellar extinction important results are also being obtained from the inter-
comparisons of different values of interstellar extinction obtained from Planetary Nebulae
(PNe). Koppen & Amores (2011) have used a large sample of PNe towards the galactic disk
and bulge in order to obtain average values for interstellar extinction as well as to review
the old values, most of the times obtained with different extinction curves.

A good estimate of interstellar extinction is also important in the study of Supernovae.
Arsenijevic & Amores (2011) have compared the distribution of interstellar extinction
towards supernovae and also presented a new method to reproduce observed spectra using
the Genetic Algorithms and basic parameters as galactic and galaxy host extinction and Ry
(the ratio of the total to selective extinction). The use of global optimization methods can be
a powerfull tool to obtain parameters from large surveys.
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