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Outline 

1.  Introduction: 

•  RSGs in open clusters: A bit of scale. 

2.  The RSG clusters and their environment: tell-tales of 

Galactic structure 

3.  Relation to the Milky Way structure: 

•  The near and far ends of the bar 

•  VVV and the MW 

4.  Concluding remarks 



Open clusters around us 

•  Clusters in the solar neighbourhood 
(Orion Spur, Perseus and Sagittarius 
Arms) generally have masses in the 
102 -103 M¤ range. 

•  Battinelli & Capuzzo-Dolcetta (1991), 
from analysis of 100 clusters within 
2kpc, find that the typical mass of a 
Galactic cluster is ≈500 M¤ 

•  The most massive clusters in the Solar neighbourhood have masses 
approaching (but not quite reaching) 104 M¤ in stars (e.g., Marco & 
Bernabeu 2001, Slesnick et al. 2002). 



The heavy-weights 

•  Westerlund 1: 

•  At least 150 evolved massive 
(M > 30 M¤) stars observed 
imply M >105 M¤ (Clark et al. 
2005) 

•  Star counts in the IR imply M > 
5x104 M¤ (Gennaro et al. 2011) 

•  Radial velocity dispersion of 10 
stars gives M ≈ 1.5x105 M¤ 
(Mengel & Taconi-Garman 
2009)  



The heavy-weights 

•  The Galactic Center factory. several massive 
clusters with estimated M>104 M¤: 

•  Quintuplet. 

•  Arches. 

•  Central cluster. 
 

•  Arches has many massive stars, some with  
M> 100 M¤ (Figer et al. 2002) & possible top 
heavy IMF (Stolte et al. 2002 & 2005; 
Espinoza et al. 2009).  

HST archive (NASA) 

Stolte et al. (2005) 



The clusters of red supergiants  

Figer et al. (2006): 
•  Over a previous catalog 

of candidates (Bica et al 
2003) 

•  At the base of Scut. arm. 
•  ≈15 RSG 



The clusters of red supergiants  

Red Supergiants: 
 
•  -8 < Mk < -11 
•  Lower mas limit: ≈10 M¤ 

 

Figer et al. (2006): 
15 RSGs => M≈3·104 M  

 



The clusters of red supergiants  

Figer et al. (2006): 
•  ≈15 RSG 
•  M≈3·104 M  
•  Age ≈10 Myr 

RSGC-1 

2MASS JHK 



The clusters of red supergiants  

Davies et al. (2007): 
•  26 RSG 
•  Age 15-20 Myr 
•  Total mass M ∼ 5x104 M¤  

 
The authors note: 

•  “…the cluster is only a few 
hundred parsecs away 
from the cluster of 14 
RSGs recently reported by 
Figer et al (2006). These 
two RSG clusters 
represent 20% of all known 
RSGs in the Galaxy…” 
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RSGC-2 = Stephenson 2 



The clusters of red supergiants  

Clark et al. (2009): 
•  16 RSG 
•  Age 16-20 Myr 
•  Total mass M =2-4x104 M¤  

 
The authors note: 

•  “This discovery supports 
the hypothesis that a 
significant burst of star 
formation occurred at the 
base of Scutum-Crux arm 
between 10–20Myr ago, 
yielding a stellar complex 
comprising at least 105M¤ 
of stars…” 
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Structure of the Inner MW 
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Structure of the Inner MW 

Garzón et al. (1997) 
López-Corredoira et al. (1999) 
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thereby reducing the apparent fraction of supergiants in the
coolest class (M).

5. STELLAR BAR

The conclusion to be drawn from this analysis is that the
observed region contains intense star formation of recent
origin, since supergiants and bright giants are necessarily
young stars. There is a high proportion of young stars, and
their high spatial concentration shows that the star forma-
tion has taken place in the zone observed. Any associated
early B-type or O-type stars, typical of this kind of cluster,
are not observed in this case, because their emission in K is
too low to reach mag for objects far from the solarm

K
\ 5

neighborhood, and the emission in the visible is very strong-
ly a†ected by dust extinction.

This star formation region does not belong to the disk or
the spiral arms (G97) ; nor it is likely that it belongs to the
ring, as discussed in G97 and Hammersley et al., (1994,
hereafter H94). A further convincing reason for excluding a
ring, even an elliptical one, besides the ones in those papers,
is that it would be prominent in other TMGS regions closer
to the center than l \ 27¡ and that the luminosity function
of the stellar excess would be invariant, neither of which
would be in agreement with the observations. The TMGS
star counts after subtraction of a model disk (Wainscoat et
al. 1992) and bulge et al. 1997) are zero(Lo! pez-Corredoira
in o†-plane directions, showing that those disk and bulge
models are good "ts to the observations ; there is, however,
an excess of stars in the plane ( o b o \ 2¡). Figure 3 shows a
sharp decrease in the star counts in the center, and it also
shows that the luminosity function of the stellar excess at
l \ 27¡ is di†erent from that in the other regions (the ratio
between stars with mag and mag is verym

K
! 9.0 m

K
! 5.0

di†erent). These considerations lead to the conclusion that a
ring-type structure, even elongated and eccentric, gives a
poor "t to the observations.

A hole in the extinction was suggested as a possible cause
of the excess at l \ 27¡ by Jones et al. (1981), but this idea
was criticized by Kawara et al. (1982) who observed an
invariant (H[K) color for the stars across this region. Also,
the TMGS star counts at l \ 27¡ in the plane show an

FIG. 3.ÈTMGS star counts as functions of Galactic longitudes in the
Galactic plane after subtraction of the Wainscoat et al. (1992) model disk
and the et al. (1997) model bulge (b \ 0).Lo! pez-Corredoira

FIG. 4.ÈIllustration of bar used to explain a number of observations :
the excess of extinction at negative Galactic latitudes due to a dust lane
(Calbet et al. 1996b) and the star formation regions at each end of the bar.

excess of over 100 stars per square degree up to m
K

\ 5,
and, according to our calculations, this cannot be satisfac-
torily explained by assuming that the extinction is zero in
that region. Furthermore, CCD V RI photometry of the
region shows clearly that the line-of-sight extinction is
greater than the standard value of 0.62 mag kpc~1 in V
(Mahoney 1999 ; Hammersley et al. 1998).

The most likely explanation is the presence of a giant star
formation region which is associated with the receding tip
of the stellar Galactic bar (see Fig. 4). If we take the region
to be in the center of the star formation region at the end of
a bar,7 it can be used not only as a qualitative demonstra-
tion of the barÏs existence but also as a means to estimate its
orientation. The remaining stars in Figure 3 can be
explained as bar stars, with a prominent peak at both ends
due to the interaction with spiral arms. Such regions can
form because of the concentrations of shocked gas where
the Galactic stellar bar meets a spiral arm, as is observed at
the ends of the bars of face-on external galaxies (Sandage &
Bedke 1994). An excess of extinction at negative latitudes
(Calbet et al. 1996b) is also explained by the stellar-bar
hypothesis.

This is not the "rst time that a Galactic bar has been
claimed to be discovered, but our arguments in favor of it
are new and di†erent from those of other authors. de Vau-
couleurs (1964, 1970) "rst suggested that the Galaxy might
be barred in an attempt to explain the observed noncircular
gas orbits. Since then, many types of observational evidence
have been accumulated that support this hypothesis (see
Blitz 1993 ; Blitz et al. 1993 ; Kuijken 1996a ; Gerhard,
Binney, & Zhao 1997). The axial asymmetry of the inner
Galaxy is detected by star counts (Nakada et al. 1991 ;
Weinberg 1992 ; Whitelock, Feast, & Catchpole 1992 ;

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
7 Its center is at l D 27¡, b D 0¡. More precisely, Viallefond et al. (1980)

places the region with center at The region is extended overl \ 27¡.5.
several degrees but this is the point where the star counts show a maximum
which we believe corresponds to the center.

18.50 18.60 18.70 18.80 18.90 19.00
RIGHT ASC. (h)

−5.40

−5.30

−5.20

−5.10

−5.00

DE
CL

IN
AT

IO
N 

(o )

Giants
Supergiants

b=−0.2ol=26.9o

l=27.00,b=0o

l=27.1o

l=27.2o

l=27.3o

b=0.2o

b=0.4o

b=0.6o

GALACTIC BAR TIP 383

FIG. 1.ÈEquatorial coordinates (J2000.0) of the stars whose spectra are
analyzed in this paper. Small circles stand for giants, and big circles for
supergiants.

APEXTRACT and ONEDSPEC, after performing bias
subtraction and Ñat-!elding with CCDRED. The Ñux was
normalized rather than calibrated.

3. LUMINOSITY CLASSIFICATION

Spectra in the zone of the IR Ca II triplet at 8498.02,
8542.09, and 8662.14 present in stars of spectral typesA!
later than F5 were examined. The triplet was chosen as an
optimum di†erentiator between stars of di†erent luminosity
classes. In earlier types, the Paschen hydrogen lines P13
(8665 P15 (8545 and P16 (8502 severely contami-A! ), A! ), A! )
nate the spectral region of interest. For spectral types later
than M3 or M4, TiO absorption bands mask the Ca II

triplet, making its features more difficult to measure, as we
will see later.

Measurement of the equivalent width (EW) of the Ca II

triplet lines was carried out according to the prescriptions
of et al. (1989) when TiO-band contamination is notD•"az
present. A continuum is de!ned by a linear !t to theIjcontmedian value of two chosen sidebands centered at 8455 and
8850 respectively, with a width of 15 and the EW wasA! , A! ,
obtained by integrating

Wj \P
j~15 A'
j`15 A' A

1 [ Ij{
Ij{cont

B
dj@ , (1)

where is the measured intensity.IjWe also followed et al. (1989) in de!ningD•"az

EW \ W8542 A' ] W8667 A' (2)

as the indicator of luminosity class. The shortest-
wavelength line of the triplet was not used because it is too
feeble compared with the neighboring features and yields
larger errors in the precise measurement of the total Ca II

triplet. Selected reference stars were used to check our EWs,
and these were the same within the error margin as those
given by et al. (1989) for the same objects.D•"az

The Ca II triplet has been used for many years as an indi-
cator of luminosity class (e.g., Merrill 1934). More recently,
Jones et al. (1984) and et al. (1989) have calibratedD•"az
empirically the relationship between the EW of the Ca II

triplet and the luminosity class for spectral types ranging
from F5 to M3. These authors found some dependence of

EW on both metallicity and temperature, but these e†ects
were much weaker than the dependence on surface gravity,
especially for supergiants. We have followed their results
and adopted their criteria in assigning luminosity classes
from the measured EWs. From et al. (1989), if metal-D•"az
licity dependence is assumed negligible, then

log g \ 7.75 [ 0.65EW . (3)

On this basis, a source is taken to be a supergiant (log g less
than approximately 1.75) if EW [ 9 independently ofA! ,
metallicity and temperature. Idiart, & FreitasThe" venin,
Pacheco (1997) have demonstrated the presence of corre-
lations of EW with metallicity and temperature, but only
for old stars ([1 Gyr) and therefore not for supergiants.
There are also other possible luminosity class indicators.
In the wavelength range we used, the existence of the CN
band (7916È7941 is a characteristic of supergiantsA! )
(MacConnell, Wing, & Costa 1992), but the Ca II triplet is
less a†ected by noise.

Thirty-eight stars in the sample were not contaminated
by the TiO band, and we used the method described above
to obtain their EWs in this subsample (see Table 1).

The remaining 22 stars are of later spectral types, and the
presence of TiO bands partially masks the triplet lines (see
Figs. 6c and 6d). For these objects we have developed an
empirical method that permits the measurement of EW
where the Ca II lines are not completely masked by the TiO
band. This method uses the depth of the lines instead of the
EW.

The depth of the lines is calculated according to

depthj \ 1 [ min(Ij{ ; j [ 15 A! \ j@ \ j ] 15 A! )
Ijcont2

, (4)

where is the value of a new continuum interpolatedIjcont2between two points that are not a†ected by the TiO absorp-
tion : 8432 and 8844 A! .5

One potential problem is that the convolution of the pro-
!les of the spectral lines with the instrumental pro!le would
a†ect the depth of the line, but this e†ect is in practice
negligible compared with the other uncertainties in the
method. The convolution with the instrumental pro!le
broadens the line and decreases the depth when the number
of pixels de!ning the line is small. In the lines without TiO
contamination, the pixels de!ning a line cover a sufficient
wavelength range for the e†ect of the convolution to be
negligible. In the lines with TiO contamination, the depth is
the sum of the TiO band depth and the jump between the
TiO band and the peak of the line. If the unblended portion
of the line covers a restricted wavelength range, this jump
will be a†ected by the convolution but, as it is small com-
pared with the TiO depth, the e†ect of the convolution is
again small. The e†ect of convolution would indeed be
serious if we were to use Gaussian !ts on masked portions
of the lines instead of the depth as the measure of equivalent
width.

To get the EW as a function of the depth of the deepest
line, 8542 it is necessary to use uncontaminated lines.A! ,
Equation (4) is used for the !rst 38 stars, those with
unmasked Ca II lines, and for these a relationship is then

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
5 In fact, a bandwidth of 15 between 8417 and 8432 is selected forA! A! A!

which we calculate the median value, and the same is done for the second
value of the continuum between 8844 and 8859A! A! .



RSGC-3: Family portrait 

RSGC-3 Alicante-9? 

Alicante-7 

Alicante-10 

Near RSGC-3: 
1.  Alicante-7: 

Negueruela et al. 
(2011): >5 RSG 

2.  Alicante-10: 
González-Fernández et 
al. (2012a): 10 RSG. 
 

As a whole: 
-  70<v<110 km/s 
-  N>50 RSG’s 
-  M≈105M¤ 

Also, there is a “carpet” population of 
spectroscopically confirmed RSG’s 



RSGC’s: Tracing major structures 

Selection criteria: 
-  Very bright 
-  Very red 
-  Pseudo-colour Q: 

(J-H)-1.8·(H-K) 
 
3 Campaigns with 
AAT+AAO: 
-  1300 candidates. 
-  ≈900 passed first 

cut. 
 



RSGC’s: Tracing major structures 
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thereby reducing the apparent fraction of supergiants in the
coolest class (M).

5. STELLAR BAR

The conclusion to be drawn from this analysis is that the
observed region contains intense star formation of recent
origin, since supergiants and bright giants are necessarily
young stars. There is a high proportion of young stars, and
their high spatial concentration shows that the star forma-
tion has taken place in the zone observed. Any associated
early B-type or O-type stars, typical of this kind of cluster,
are not observed in this case, because their emission in K is
too low to reach mag for objects far from the solarm

K
\ 5

neighborhood, and the emission in the visible is very strong-
ly a†ected by dust extinction.

This star formation region does not belong to the disk or
the spiral arms (G97) ; nor it is likely that it belongs to the
ring, as discussed in G97 and Hammersley et al., (1994,
hereafter H94). A further convincing reason for excluding a
ring, even an elliptical one, besides the ones in those papers,
is that it would be prominent in other TMGS regions closer
to the center than l \ 27¡ and that the luminosity function
of the stellar excess would be invariant, neither of which
would be in agreement with the observations. The TMGS
star counts after subtraction of a model disk (Wainscoat et
al. 1992) and bulge et al. 1997) are zero(Lo! pez-Corredoira
in o†-plane directions, showing that those disk and bulge
models are good "ts to the observations ; there is, however,
an excess of stars in the plane ( o b o \ 2¡). Figure 3 shows a
sharp decrease in the star counts in the center, and it also
shows that the luminosity function of the stellar excess at
l \ 27¡ is di†erent from that in the other regions (the ratio
between stars with mag and mag is verym

K
! 9.0 m

K
! 5.0

di†erent). These considerations lead to the conclusion that a
ring-type structure, even elongated and eccentric, gives a
poor "t to the observations.

A hole in the extinction was suggested as a possible cause
of the excess at l \ 27¡ by Jones et al. (1981), but this idea
was criticized by Kawara et al. (1982) who observed an
invariant (H[K) color for the stars across this region. Also,
the TMGS star counts at l \ 27¡ in the plane show an

FIG. 3.ÈTMGS star counts as functions of Galactic longitudes in the
Galactic plane after subtraction of the Wainscoat et al. (1992) model disk
and the et al. (1997) model bulge (b \ 0).Lo! pez-Corredoira

FIG. 4.ÈIllustration of bar used to explain a number of observations :
the excess of extinction at negative Galactic latitudes due to a dust lane
(Calbet et al. 1996b) and the star formation regions at each end of the bar.

excess of over 100 stars per square degree up to m
K

\ 5,
and, according to our calculations, this cannot be satisfac-
torily explained by assuming that the extinction is zero in
that region. Furthermore, CCD V RI photometry of the
region shows clearly that the line-of-sight extinction is
greater than the standard value of 0.62 mag kpc~1 in V
(Mahoney 1999 ; Hammersley et al. 1998).

The most likely explanation is the presence of a giant star
formation region which is associated with the receding tip
of the stellar Galactic bar (see Fig. 4). If we take the region
to be in the center of the star formation region at the end of
a bar,7 it can be used not only as a qualitative demonstra-
tion of the barÏs existence but also as a means to estimate its
orientation. The remaining stars in Figure 3 can be
explained as bar stars, with a prominent peak at both ends
due to the interaction with spiral arms. Such regions can
form because of the concentrations of shocked gas where
the Galactic stellar bar meets a spiral arm, as is observed at
the ends of the bars of face-on external galaxies (Sandage &
Bedke 1994). An excess of extinction at negative latitudes
(Calbet et al. 1996b) is also explained by the stellar-bar
hypothesis.

This is not the "rst time that a Galactic bar has been
claimed to be discovered, but our arguments in favor of it
are new and di†erent from those of other authors. de Vau-
couleurs (1964, 1970) "rst suggested that the Galaxy might
be barred in an attempt to explain the observed noncircular
gas orbits. Since then, many types of observational evidence
have been accumulated that support this hypothesis (see
Blitz 1993 ; Blitz et al. 1993 ; Kuijken 1996a ; Gerhard,
Binney, & Zhao 1997). The axial asymmetry of the inner
Galaxy is detected by star counts (Nakada et al. 1991 ;
Weinberg 1992 ; Whitelock, Feast, & Catchpole 1992 ;

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
7 Its center is at l D 27¡, b D 0¡. More precisely, Viallefond et al. (1980)

places the region with center at The region is extended overl \ 27¡.5.
several degrees but this is the point where the star counts show a maximum
which we believe corresponds to the center.



The Inner MW through RCGs 
 

Red clump giants: 

§  Dominant giant pop. 

§  Narrow luminosity 

function: 

§  Mk=-1.62±0.03 

§  (J-K)0=0.75±0.05 

 

Cabrera-Lavers et al. (2007) 

 



The Inner MW through RCGs 
 

Ak=[(J-K)-(J-K)0]/Ajk 

d=10^[1+(mk-Mk-Ak)/5] 

 

 

 



The Inner MW through RCGs 

López-Corredoira et al. (2007) 



VVV and the inner MW 

•  VISTA telescope (4m@Paranal). 

•  Pixel size: 0.3” 

•  texp≈80s 
VVV 2MASS 



VVV and the inner MW 

•  VISTA telescope (4m@Paranal). 

•  Pixel size: 0.3” 

•  texp≈80s 



VVV: First results 



VVV: First results 



VVV: Stellar distribution 

|b|<0.25° 



VVV: Stellar distribution 

0.75°<b<1.25° 

1.25°<b<1.75° 



RSGC’s: The far side of the bar 



VVV: Dust distribution 



VVV: Dust distribution 



VVV: A working model  

González-Fernández et al. (2012b) 



VVV: A working model  

González-Fernández et al. (2012b) 

Assuming very conservative errors: 
 R¤=8.0±0.5 kpc 

 lnear=27°±1° 
 lfar=-13°±1° 

 
We derive: 

 φ=41°±5° 
 R=4.1±0.4 kpc 



RSGCs in the far side of the bar 

VdBH 222 
Teutsch 85 

Mercer 81 

[DBS2003]179 

Own data 
Davies et al. 
2012 



Conclussions 
-  RSGs are a very useful tool to study our Galaxy, as they are 

very bright tracers of stellar formation: 

•  We can map the arms at very long distances. 

•  We can see the effects of the Galactic bar. 

-  Coupled with RCGs, we get a something new+something old 

view of our galaxy: 

•  Of course, the MW is an even more interesting place 

than we thought. 

-  Of course, more detailed analysis (and more telescope time!) 

are needed. 

 



THANK 
YOU 


