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ABSTRACT

Context. The very luminous blue supergiant HD 80077 has been claimed to be a member of the young open cluster Pismis 11, and
hence a hypergiant. Membership of the cluster would mean that it is one of the brightest stars in the Galaxy, and one of the few
evolved very massive stars whose distance can be accurately determined.

Aims. We carry out a comprehensive study of the open cluster Pismis 11, which allows us to derive with accuracy its distance and
reddening.

Methods. We obtained UBVRI photometry of the cluster field and low-resolution spectroscopy of a number of putative members.
We derive spectral types from the spectra and determine that the reddening in this direction is standard. We then carry out a careful
photometric analysis that allows us to determine individual reddening values, deriving unreddened parameters that are used for the
main sequence fit.

Results. We identity 43 likely members of Pismis 11 and determine individual reddenings. We study the variation of extinction across
the face of the cluster and find some dispersion, with a trend to higher values in the immediate neighbourhood of HD 80077. We
estimate a distance of 3.6 kpc for the cluster. If HD 80077 is a member, it has My, < —10.5 and it is one of the three visually brightest
stars in the Galaxy. Several early type stars in the vicinity of Pismis 11 fit well the cluster sequence and are likely to represent an
extended population at the same distance. About 18 to the North of Pismis 11, we find a small concentration of stars, which form a
clear sequence. We identify this group as a previously uncatalogued open cluster, which we provisionally call Alicante 5. The distance
to Alicante 5 is also 3.6 kpc, suggesting that these two clusters and neighbouring early-type stars form a small association.
Conclusions. We have identified a small association around Pismis 11, located at a distance of 3.6 kpc. Based on its proper motion,
HD 80077 is not a runaway star and may be a member of the cluster. If this is the case, it would be one of the brightest stars in the

Galaxy.

Key words. open clusters and associations: individual: Pismis 11 — stars: Hertzsprung-Russell (HR) and C-M diagrams —

stars: early-type

1. Introduction

In spite of their rarity, blue hypergiants (BHGs) are of enormous
astrophysical interest. As they are the visually brightest stars,
My < -9, they can be seen to huge distances and hence used to
derive chemical abundances in distant galaxies. Moreover they
can be used as standard candles as far as the Virgo cluster if
their luminosity-wind momentum relationship is well calibrated
(Kudritzki & Puls 2000) or if the flux-weighted gravity method
is extrapolated to their luminosities (Kudritzki et al. 2003).
Unfortunately, our knowledge of the evolutionary status of
BHGs is so rudimentary that we are not yet in a position to
exploit these capabilities. At present, it is still unclear whether
these objects represent extremely massive stars (M. = 60 M)
moving away from the main sequence towards the Humphreys-

* Partially based on observations collected at the European
Southern Observatory, La Silla, Chile (ESO 0.76D-0037, 0.78D-0176
and 71.D-0151).
** Tables 2, 3, 5, 6, 8,9 are only available in electronic form at the CDS
via anonymous ftp to cdsarc.u-strasbg. fr (130.79.128.5) orvia
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/493/79

Davidson limit or more moderately massive stars (M, ~ 40 M)
looping back to the blue after a red supergiant phase. If the latter
is true, their measured abundances would not reflect at all their
initial compositions, preventing their use as tracers of metallic-
ity. Of course, the possibility that both types of objects can be
seen as BHGs also exists.

The evolutionary status of BHGs also has a bearing on our
understanding of massive star evolution. Massive stars enrich
the Galaxy with large amounts of processed material (they are,
for example, the main contributors of oxygen) and also inject
enormous amounts of energy and momentum into the interstel-
lar medium during their brief life and subsequent death as su-
pernovae. However, our understanding of such processes is only
qualitative, as we still lack basic knowledge about mass loss
mechanisms in evolved massive stars. Stars with (M, > 40 M)
are believed to lose their H-rich mantles as they evolve off the
main sequence to become H-depleted Wolf-Rayet stars, but their
precise evolutionary path(s) through the diverse population of
transitional objects — such as Red Supergiants, Blue and Yellow
Hypergiants and Luminous Blue Variables — is uncertain.
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There is only a handful of BHGs in the Milky Way
(van Genderen 2001). The best studied BHGs are ¢ ' Sco and
Cyg OB2 #12, whose luminosities can be known with some ac-
curacy, as they belong to OB associations. Unfortunately, for
many other evolved massive stars, parameters are very diffi-
cult to constrain because their distances are not known accu-
rately. One very favourable case is the proposed B2 Ia*™ hyper-
giant HD 80077, which may be associated with the open cluster
Pismis 11.

The membership of HD 80077 in Pismis 11 was first pro-
posed by Moffat & Fitzgerald (1977), who also carried out the
first photoelectric investigation of the cluster, detecting only
seven other members. From them, they derived d = 3.5 kpc.
If HD 80077 is at the same distance, it has My ~ —9.5 and
My ~ —11. HD 80077 is only 2’ away from the cluster cen-
tre, closer than some proposed members. The reddening across
the face of Pismis 11 is variable and was suggested to in-
crease towards HD 80077, further strengthening the likelihood
of its membership. However, from an analysis of the Hp line,
Knoechel & Moffat (1982) concluded that the mass loss from
HD 80077, though larger than that of a normal B2 Ia supergiant,
did not appear exceptionally high. Moreover, the star did not dis-
play the typical photometric variability of other blue and yellow
hypergiants.

Motivated by this, Carpay et al. (1991) carried out different
tests on the luminosity of HD 80077, using UV spectra and opti-
cal photometry, and concluded that all estimates, except for this
lack of variability, strongly suggested that HD 80077 was ex-
tremely luminous. Since their work, the issue has remained un-
settled. The parameters of Pismis 11 are also poorly constrained,
as the distance estimate is based on photometry of only 7 candi-
date members, under the assumption of standard reddening.

In this article, we carry out a global study of the open cluster
Pismis 11 and the BHG candidate HD 80077. We determine ac-
curate parameters for Pismis 11 and estimate the luminosity for
HD 80077. In a future paper, we will use intermediate resolution
spectra of HD 80077 and the brightest OB members of Pismis 11
to derive more accurate stellar parameters and abundances.

2. Observations and data
2.1. The cluster Pismis 11

We obtained UBVRI photometry of Pismis 11 and spectroscopy
of its brightest members (as well as some catalogued OB stars
in its immediate neighbourhood) using the multi-mode capa-
bilities of ESO Multi-Mode Instrument (EMMI) on the New
Technology Telescope (NTT) at the La Silla Observatory (Chile)
on the nights of 15—17 February 2006.

The instrument was equipped with three thin, back-
illuminated and AR-coated CCD cameras: two of them, which
are arranged in a mosaic, in the red arm and one in the blue arm.
The mosaic in the red arm covers a field of view of 971 x 9’1 and
has a pixel scale of 0”166. We used it for the V, R and [ filter
observations. The blue arm has a field of view of 62 x 6!2 and a
pixel scale of 0’37, and was used for the U and B filters.

We obtained low-intermediate resolution spectra of stars in
the region using grism #5 in the red arm. This gives a resolving
power R = 1100 over the 3000-7000 A range. A few bright
sources were also observed at higher resolution, using grating #3
in the blue arm (R = 3400 over the 39254380 A range) and
the echelle grating #9 cross-dispersed with grism #3 in the red
arm (R = 10000 over the range 4000-7900 A with small gap

Table 1. Log of the photometric observations taken at the NTT on
February 2006 for Pismis 11.

RA = 09h15m52.8s
(J2000)
Exposure times (s)

Dec = -50°00"43.9”
(J2000)

Pismis 11

Filter Longtimes Intermediate times Short times
U 600 200 20
B 90 30 2
14 100 30 2
R 100 30 2
I 100 30 2

around 4950 A). These higher resolution data will be used in a
forthcoming paper.

In addition, we observed HD 80077 with EMMI on
June 6th 2003. On this occasion, we used grating #12 in the
blue arm (range 4000—4900 A, R = 1700) and grating #7 (range
6400-7800 A, R = 2600) in the red arm.

Two standard fields from the list of Landolt (1992), SA 98
& SA 101, were observed several times during the night in order
to trace extinction and provide standard stars for the transfor-
mation. Their images were processed for bias and flat-fielding
corrections with the standard procedures using the CCDPROC
package in IRAF!. Aperture photometry using the PHOT pack-
age inside DAOPHOT (IRAF, DAOPHOT) was developed on
these fields with different apertures for each filter: 18 pixels
for U and B (blue CCD) and 30 pixels for V, R and [ filters
(red mosaic).

Images of Pismis 11 were taken using 3 series of different
exposure times to obtain accurate photometry for a magnitude
range. They are presented in Table 1.

The reduction of the images of Pismis 11 was done with
IRAF routines for the bias and flat-field corrections. Photometry
was obtained by point-spread function (PSF) fitting using the
DAOPHOT package (Stetson 1987) provided by IRAF. The
apertures used are: 15 pixels for U, 14 pixels for B and 30 pixels
for all the filters observed with the red arm. In order to construct
the PSF empirically, we automatically select bright stars (typi-
cally 25 stars). After this, we review the candidates and we dis-
card those that do not reach the best conditions for a good PSF
star. Once we have the list of PSF stars (x20), we determine an
initial PSF by fitting the best function between the 5 options of-
fered by the PSF routine inside DAOPHOT. We allow the PSF to
be variable (in order 2) across the frame to take into account the
systematic pattern of PSF variability with position on the chip.

We needed to perform aperture correction only for the U and
B filters, as the apertures for the V, R and [ filters were the same
(30 pixels) for the standard and programme stars. Finally, we ob-
tained the instrumental magnitudes for all stars. Using the stan-
dard stars, we carried out the atmospheric extinction correction
and we transformed the instrumental magnitudes to the standard
system using the PHOTCAL package inside IRAF.

All spectroscopic data were reduced using the Starlink soft-
ware packages CCDPACK (Draper et al. 2000) and FIGARO
(Shortridge et al. 1997) and analysed using FIGARO and DIPSO
(Howarth et al. 1998).

‘We have completed our dataset with JH K photometry from
the 2MASS catalogue (Skrutskie et al. 2000).

"' IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with the
National Science Foundation.
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Fig. 1. Finding chart for stars in the field of Pismis 11. XY positions are
listed in Table 2, where they are correlated to RA and Dec. The origin
of coordinates is located at the top left corner of the image. The bright
star at the top is HD 80077.

The number of stars that we could detect in all filters is lim-
ited by the long exposure time in the U filter. We show these
stars on the U-band image in Fig. 1. In Table 2 we list their X
and Y positions as seen in Fig. 1, and their identification with ob-
jects in the USNO-BI1 catalogue, together with their coordinates
(right ascension (RA) and declination (Dec) in J2000). A few
stars have no obvious identification in the USNO-B1 catalogue.
We have identified these objects in the 2MASS catalogue and
give their RA and Dec coordinates as assigned in this catalogue.
The designation of each star is given by the number indicated on
the image (Fig. 1).

We have photometry for 147 stars in the field. In Table 3,
we list the values of V, (V — R), (V = I), (U — B), and B with
the standard deviation and the number of measurements for each
magnitude and index. Figure 1 is the map of the cluster showing
the identification of each star for which we have photometry in
Table 3.

2.2. The new cluster Alicante 5

We obtained UBVRI photometry of a region located near
Pismis 11 in order to check if an apparent stellar grouping
could be a cluster located at the same distance as Pismis 11.
The observations were obtained in service mode on the night of
2007 January 28th with the Superb-Seeing Imager (SuSI2) on
the NTT. The size of the field is 5’5 x 5’5 and the pixel scale is
0”708/pixel. The log of the observations is given in Table 4.

The observation procedure for /-band observations was dif-
ferent from the rest of the filters. We took five 10-s images with a
dithering in the X and Y coordinates. This process is necessary to
remove fringing from the images. The final image in the / filter
is the sum of these 5 images without fringing. Apart from this,
the reduction procedure is identical to that used for the EMMI

Table 4. Log of the photometric observations taken at the NTT in
January 2007 for Alicante 5.

Alicante 5 RA = 09h16m27.0s  Dec = —49°42'48.9”
(J2000) (J2000)
Filter Exposure times (s)
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Fig. 2. Finding chart for stars in the field of Alicante 5. XY positions are
listed in Table 6 where they are correlated to RA and Dec. The origin of
coordinates is located at the bottom left corner of the image.The blank
strip corresponds to the gap between the two CCDs of SUSI2. North is
up and east is left.

data, except for the fact that all the filters were observed with the
same CCD.

The apertures used are: 50 pixels for all filters for standard
stars and 32 pixels in U, 34 pixels for B, V and R and 30 pixels
for [ in all the target frames. All other steps were done as in the
previous section.

After reduction, we have photometry for 105 stars in the
field. Table 5 lists values for V, (B — V), (U — B), (V — R) and
(V = I) with the standard deviation and the number of measures
for each magnitude and index. Figure 2 is the map of the clus-
ter showing the identification for all the stars with photometry
in Table 6. When mentioned in the text, stars from this frame
will be named with an “A” preceding their number to distinguish
them from stars in Pismis 11.

In addition, we have spectra for the three brightest stars
(A47, AS5 and A62 in Table 7) in the grouping, which were
taken as part of the EMMI observations.
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Table 7. Spectral types and photometry for stars in the region. The top panel shows likely members of Pismis 11. The second panel contains likely
members of Alicante 5. The bottom panel displays stars outside the clusters.

Star Spectral type RAJ2000) Dec(J2000) % (B-V) (U-B)
69 B1V 09 1554.046  -500026.67 12.681 0.941 -0.161
49 B0.7V *09 1554.570  -500003.90 12.898 0.956 -0.177
LS 1267 (86) o8V 09 1552.787 -500043.83 11.07¢ 1.0¢ -0.19¢
106 B1.5Vn 09 1551.763  -500141.63 13.360 0.841 -0.164
123 B1V 09 1552.053 -500238.93 12.952 0.913 -0.107
HD 80077 B2Ia* 09 15 54.79 —-49 58 24.6 7.58¢ 1.37¢ 0.20¢
MF13 B0.2V 09 15 31.08 -500221.5 12.03¢ 0.85¢ —0.24¢
A47 B0.7V 09 16 29.71 -494249.6  13.259 1.204 0.164
AS55 B3111? 09 16 28.85 -4942 53.0 14.419 1.247 0.403
A62 B1.5V 09 16 27.47 -494259.0 15.130 1.222 0.458
MO 2-119 B0.5V 09 15 33.7 —-49 48 06.0 11.74¢ 1.12¢ -
LS 1262 BOV 09 15 05.17 -49 44 13.9 11.17° 0.81% -0.30°
LS 1269 08.5V 09 15 56.60 -494502.9 10.85° 0.92% -0.19”

¢ Photometry for MF13, LS 1267 and HD 80077 from Moffat & Fitzgerald (1977).

b Photometry for LS 1262, LS 1269 from Muzzio (1979).
¢ Photometry for MO2-119 from Muzzio & Orsatti (1977).
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49 = MF5 — B0.7 V B
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Fig. 3. Classification spectra of five early-type members of Pismis 11
within the field covered by our photometry. The numbering system from
Moftat & Fitzgerald (1977) is also shown.

3. Results
3.1. The open cluster Pismis 11
3.1.1. Spectroscopy

We have obtained spectra for the brightest stars in Pismis 11.
Echelle spectroscopy was taken for the three brightest mem-
bers given by Moffat & Fitzgerald (1977): HD 80077, LS 1267
(Star 86 in Table 7) and MF13 (we give the numbers in Moffat
& Fitzgerald 1977 preceded by MF), which is outside our field.
These data will be used in a forthcoming paper (Paper II) to
determine the atmospheric parameters and abundances of these
stars.

Figure 3 shows low-resolution spectra of 5 other members
that fall within the field covered by our photometry. Their spec-
tral types have been determined resorting to traditional crite-
ria (Walborn & Fitzpatrick 1990) by comparison to standard
stars in their digital library. In addition, we observed two rel-
atively bright stars to the South of the cluster, whose 2MASS
(J — Ks) colours were similar to those of members. One of
them, which we call star 201 (USNO B1.0 0399-0145111,RA =
09h15m56.04s, Dec = —50°0520.4"), turns out to be a likely
member of spectral type B1V, but we lack optical photometry
for this object. We also took spectra of three catalogued early-
type stars at some distance from the cluster. These objects are
also listed in Table 7, while the spectra are displayed in Fig. 4.

2.0 T T

Mo2—-119 — BO.5 V

LS 1262 — BO V
o LS 1269- 08.5 V 7

5 201 — B1 V _

0
4000 4200 4400 4600 4800
Wavelength (4)

o
T

Flux (Normalised)
°

Fig. 4. Classification spectra of four early-type stars in the neighbour-
hood of Pismis 11. 201 lies to the South of the cluster and is likely to be
an outlying member. The other three stars are located ~15’ to the north
of the cluster, not far from the small cluster Alicante 5.

3.1.2. Observational HR diagram

We start the photometric analysis by plotting the V/(B — V) di-
agram for all stars in the field (see Fig. 5). We can observe that
there is not a clear sequence, because the cluster is small and
dispersed. There is strong contamination by field stars, forcing
us to follow a careful analysis procedure.

3.1.3. The reddening law

The first step is to determine whether the extinction law in the di-
rection of the field is standard. We use the CHORIZOS (y? code
for parametrized modeling and characterization of photometry
and spectroscopy) code developed by Maiz-Apelldniz (2004).
This code fits synthetic photometry derived from the spectral dis-
tribution of a stellar model convolved with an extinction law to
reproduce the observed magnitudes.

First, we select the stars with spectral types. In this sample,
we have five stars falling within the region covered by our pho-
tometry (numbers 69, 49, 72, 123 and 106), for which we have
UBVRI photometry and JH K photometry from the 2MASS cat-
alogue. Star 86 (LS 1267) is saturated in our photometry. MF13
falls just outside the area covered by our photometry. For these
two objects, we take U BV photometry from Moffat & Fitzgerald
(1977) and JHKs photometry from 2MASS. We have spectra of
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Fig. 5. V/(B — V) diagram for all stars in the field of Pismis 11.

three more stars at some distance from the cluster, M02-119,
LS 1262 and LS 1269. For these objects, we take U BV photom-
etry from Muzzio (1979) and JHKs photometry from 2MASS.
We use as input for CHORIZOS all the photometry available
and the T.¢ corresponding to the spectral type derived according
to the calibrations of Morton & Adams (1968). The output of
CHORIZOS is the value of R and the excess E(B — V). For all
our stars, the preferred value of R is close to 3.1, with little dis-
persion. This is taken as confirmation that the extinction law is
standard in this direction. The average value of E(B — V) for the
five members in our photometric field corresponds to 1.17+0.06.

3.1.4. The reddening-free @ parameter and spectral types

The reddening-free Q parameter allows a preliminary selection
of early-type stars. The Q parameter is defined as

E(U-B)
E(B-YV)

For a standard reddening law, E(U — B)/E(B — V) = 0.72
(Johnson & Morgan 1952). For the five stars in our dataset
with spectra and UBYV photometry, we calculate the value of
E(U - B)/E(B — V), taking intrinsic colours from Morton &
Adams (1968). We obtain an average value of 0.71, indicating
that we can adopt the standard value for the Q parameter and use
it to select B-type stars (possible cluster members) using the cal-
ibration of Q against spectral type (Johnson & Morgan 1952). As
all B-type stars are expected to have a negative Q parameter, we
select only stars with O < 0. Considering the young age of the
cluster implied by the presence of O-type stars, stars later than
mid A spectral type must be still contracting towards the ZAMS.
Moreover, from the observed magnitudes of the brightest cluster
members and their spectral types, we would expect any possi-
ble main-sequence members later than ~AQ to be fainter than
our faint magnitude limit. Therefore we are not leaving out any
likely member by selecting only B-type stars. The stars that
could have B spectral type based on their Q parameter are shown
in Fig. 6.

In order to confirm the membership of these possible B-type
stars, we need a more accurate spectral typing, based only on
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Fig.6. B — Q diagram for stars in the field of Pismis 11 for which we
find Q < 0, corresponding to normal main-sequence B-type stars.

|
L
A
|

—0.5

(U-B)

0.5

15“\““\““\““\““‘\‘“
0 0.5 1 1.5 I 2.5

Fig.7. (B-V)/(U — B) diagram for stars in Pismis 11. The dashed curve
shows the position of the unreddened main sequence. The solid line is
the main sequence reddened by the average cluster excess E(B — V) =
1.2. The straight lines are the reddened locations of stars of a given
spectral type.

photometry. Again, we make use of the fact that the reddening is
standard in this direction. In Fig. 7, we plot the (U — B)/(B—V)
diagram for stars with Q < 0. We draw the unreddened main
sequence and the main sequence reddened by the average value
E(B — V) = 1.2 (the value from Moffat & Fitzgerald 1977 is
identical, within the errors, to that derived here). We also indi-
cate reddening lines with slope 0.72 for each spectral type, ac-
cording to the calibration of Johnson & Morgan (1952). We can
check that stars with known spectral types (=B1 in all cases)
are located close to the correct line. Now, we can assign spec-
tral types for each star according to its location in this diagram.
The approximate spectral types assigned are listed in Table 8.
The Q parameter has been calibrated mostly using stars less
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(1977) and Muzzio (1979) or Muzzio & Orsatti (1977), respectively.

reddened than those in Pismis 11. The calibration does not take
into account bandpass effects, which may be important at high
reddening. For this reason, the pseudo spectral types derived
should only be considered approximations, which will be used
as input for CHORIZOS. The code takes into account bandpass
effects.

We select as candidate members those objects forming a se-
quence in the V — (B — V) diagram, rejecting those stars whose
magnitude and approximate spectral type seemed completely in-
compatible with membership in the sequence.

3.1.5. Determination of the distance

After this last selection of candidate members, we use the
CHORIZOS code again. In this case, we use as input data the
UBVRIJHK magnitudes (our photometry + 2MASS), the Teg
corresponding to the spectral types derived from the photometry
in the previous section (according to the calibration of Morton
& Adams 1968) and log g appropriate for a main-sequence star.
The output from CHORIZOS are individual values of the excess
E(B — V) and the dereddened V magnitudes. In a first analysis,
we reject stars with very low E(B — V) (<1) as foreground stars.
We obtain the diagram shown in Fig. 8. In this diagram we also
plot two different observational ZAMS, those from Mermilliod
(1981) and from Schmidt-Kaler (1982). The top of the main se-
quence gives a good fit to the Schmidt-Kaler ZAMS if a distance
modulus DM = 12.8 is adopted. The lower part of the sequence
deviates from the ZAMS. A better fit is obtained if we use the
Mermilliod ZAMS. Some stars fall below both ZAMS. Their
E(B - V) is in all cases much higher than the expected average
for the cluster E(B — V) = 1.2. Pismis 11 is located at galac-
tic longitude / = 271°, in a region where disk tracers are com-
mon at different distances (Brand & Blitz 1993; Russeil 2003)
and therefore a background or foreground population is not un-
expected. In view of this, we conclude that these faint objects
are background stars and decide to keep as likely members only
objects with E(B — V) in the interval 1.0—1.6 mag. We cannot
completely discard the possibility that these objects with higher

reddening are also members and that the dereddening procedure
used fails at the highest reddenings. But this would not have any
impact on the distance determination.

It is also possible that some of the stars at the top of the
main sequence may be binaries or multiple systems. Because of
all these uncertainties, we adopt a conservatively high +0.3 error
for our DM and accept DM = 12.8 +0.3, based on 43 very likely
members. This DM corresponds to a distance of 3.6’:8:2 kpc
(see Fig. 8).

We plot individual values of E(B — V) for members in Fig. 9.
There is some dispersion and values are not strongly correlated
with spatial location. The claim by previous authors that the red-
dening is higher in the subfield next to HD 80077 cannot be as-
certained, though a number of objects with high reddening lie in
the immediate vicinity of the supergiant.

3.2. The new cluster Alicante 5

Figure 8 shows that some early stars outside the cluster fit the
cluster main sequence well. Therefore they must be located at
the same distance as Pismis 11. While inspecting maps of this
region for other catalogued OB stars in the area, we noticed the
presence of a small group of stars resembling a stellar cluster,
~18’ north and slightly to the west of Pismis 11.

3.2.1. Spectroscopy

We took spectra of the 3 brightest stars in the group, finding that
they are all B-type stars. The spectra are shown in Fig. 10.

The spectrum of star A47 is of good quality and we derive
a spectral type B0.7 V. The spectra of the two other stars (A55
and A62) have low signal to noise ratio and are more difficult to
classify. Based on the possible presence of a strong C I 4267 A
line, ASS5 is tentatively classified as B3 III, but this is uncertain.
Star A62 is B1.5 or B2 and seems to be on the main sequence.
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Fig. 9. Map showing all the likely members of Pismis 11 selected from
our photometry with their derived individual reddenings. Stars towards
the north of the cluster seem to have on the average higher redden-
ings than those to the south, though the difference is not statistically
significant.
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Fig. 10. Classification spectra of the three brightest stars in the new clus-
ter Alicante 5. The spectra of A55 and A62 have low SNR and the spec-
tral types derived are tentative.

3.2.2. Photometric analysis

In order to investigate the existence of a new cluster and to deter-
mine its distance, we obtained UBVRI photometry for 105 stars
around the stellar concentration. Photometric values for these
objects are found in Table 5.

With these data, we carry out an analysis similar to that
done for Pismis 11. First, we plot the (U — B)/V diagram (see
Fig. 11). From the start, we can see a likely sequence but it is
not very clear, and we need to investigate how many stars are
likely to belong to this concentration. For that aim, we build the
(B - V)/(U — B) diagram (see Fig. 12) and assign an approx-
imate spectral type to each star (see Table 9), again assuming
a standard reddening law. As in the previous case, those stars
whose spectral types and positions in the (U — B)/V diagram are
incompatible are removed from the sample. With the stars left,
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Fig. 11. Observational V/(U — B) diagram for all stars in the field of
Alicante 5.
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Fig.12. (B — V)/(U — B) diagram for stars in Alicante 5. The dashed
curve shows the position of the unreddened main sequence. The solid
line is the main sequence reddened by the average cluster excess E(B —
V) = 1.2. The straight lines are the reddened locations of stars of a given
spectral type.

we create an input file for CHORIZOS, which is used to deter-
mine their individual values of E(B — V) and Ay (the values are
listed in Table 9). With the dereddened values of V and (B — V)
(see Table 9), we plot the corresponding diagram. The photo-
metric sequence can be fit to the ZAMS using a DM = 12.8,
identical to the value used for Pismis 11 (see Fig. 13). In view
of this, we confirm the fact that this grouping is an uncatalogued
young open cluster (which we provisionally call Alicante 5). We
also confirm that it is at the same distance as Pismis 11 and its
neighbouring OB stars. The selection procedure leaves 22 likely
members for Alicante 5, all of which should be B-type stars.
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Fig.13. Dereddened My /(B — V) diagram for likely members of
Alicante 5. The solid line shows the ZAMS from Mermilliod (1981)
and the dash line the ZAMS from Schmidt-Kaler (1982). The position
of the bluest star (A55) has been calculated assuming a main sequence
star, while the spectrum (see Fig. 10) suggests it may be a giant star.

4, Discussion
4.1. Cluster parameters

Based on a ZAMS fit to the dereddened colour-magnitude dia-
gram for 43 likely members, we find a true distance modulus to
Pismis 11 DM = 12.8 + 0.3, corresponding to d = 3.6’:8:2 kpc.
The reddening in the area, though patchy, follows a standard
R = 3.1 law. The average colour excess for likely members is
E(B - V) = 1.2, with most values in the 1.1-1.3 range and with
few outliers.

These results are in good agreement with those of Moffat &
Fitzgerald (1977), who were able to obtain an accurate distance
from a very small number of members because the reddening
follows the standard law in this area of the sky.

The age of the cluster cannot be estimated from the data
available, as the only evolved star is HD 80077. The presence
of unevolved B-type stars sets the age to <10 Myr, while the
fact that LS 1267 is an OS star still close to the ZAMS implies
<5 Myr. If HD 80077 is a cluster member, Carpay et al. (1989)
estimate its age to be 3.0 Myr from its position in the theoretical
HR diagram.

4.2. Association with other stars around the cluster

Several catalogued OB stars can be found in the neighbourhood
of Pismis 11. As shown in Fig. 8, these objects fit the cluster
main-sequence well, indicating a common distance. With the
data available, the exact size of the cluster cannot be assessed.
Cluster members are found outside the area covered by our pho-
tometry (201, MF13). However, stars like LS 1262 and LS 1269
are simply too far away from the cluster (~15’) to be considered
members. In this respect, our finding of a second smaller clus-
ter in the vicinity of these stars, at ~18" from Pismis 11, which
fits the same main sequence and has a population of B-type
stars scattered around it, suggests that we are seeing an extended
OB association, containing some small clusters. At a distance
of 3.6 kpc, the distance between the two clusters corresponds
to ~18 pc, compatible with the typical size of an association.

Table 10. Proper motions for stars in the region. The top panel shows

likely members of Pismis 11. The bottom panel displays stars outside

the cluster. All measurements are in mas yr~'.

Star Tycho2 UCAC2
PM. (@cosd) PM.() PM.(a) PM.(©6)

69 = MF4 - - -4.6+25 10.6 2.3
86 =LS 1267 -1.7+2.1 480x20 -12+14 7.0+2.6
106 = MF9 - - -199+47 8.6+4.7
123 = MF6 - - -92+25 39+23
HD 80077 -38+1.1 40+£10 -73+0.7 48=+0.6
S13 -10.0+ 14 11.8+1.9
MO02-119 -34+24 115+23 -30x35 86+14
LS 1262 -78+22 40+20 -85+14 48=x14
LS 1269 -22+25 05+£24 -19x15 25+19

We note that some of the stars in Fig. 8 (particularly LS 1262
and LS 1269) have absolute magnitudes somewhat higher than
expected for their spectral types. The difference can be explained
by a binary nature of the stars (a companion of the same spectral
type adds 0.7 mag), but the possibility of a small population at a
shorter distance than Pismis 11 cannot be entirely ruled out.

4.3. Membership of HD 80077

One of the main aims of this work is to determine if HD 80077
is a member of Pismis 11. Though HD 80077 is slightly out-
side the core of the cluster (~2’), there are other massive mem-
bers at larger distances. Carpay et al. (1991) suggested that this
object was extremely luminous, as it appeared much more lumi-
nous than the B2 Ia supergiant y? Ori, which is estimated to have
log(L/Ly) = 5.65 (Crowther et al. 2006).

4.3.1. Kinematics

Knoechel & Moffat (1982) measured the radial velocity of
HD 80077 and found important variations. Though they could
not discard the possibility that they were simply due to wind
variability, they slightly favoured the idea that it was a spec-
troscopic binary, perhaps with a compact companion. The sys-
temic radial velocity is very low, and compatible with its position
in the Galaxy. In this direction, objects at different heliocentric
distances have similar galactocentric distance and similarly low
vLsr S 10 kms™! (e.g., Brand & Blitz 1993; Russeil 2003).

HD 80077 is bright enough to have an accurate measure-
ment of its proper motion in the Hipparchos catalogue, namely,
PM.(@cos6) = —4.7+0.7 mas yr~!, PM.(6) = 4.8+0.6 mas yr ™.
Unfortunately, no other stars in the area are bright enough to
have Hipparchos measurements. However, several of them are in
the Tycho2 catalogue and all the brightest members of Pismis 11
have measurable proper motion in the UCAC2 catalogue. The
values of these proper motions are reported in Table 10. As seen,
all stars in the area except LS 1269 have proper motions which
appear compatible within the (admittedly very high) errors and
hence it is not unreasonable to assume that they are close to the
much more accurate values for HD 80077. This is not surprising,
as these proper motions are typical of OB stars in this direction
at a range of heliocentric distances.

The tangential velocity component due to the galactic orbital
motion is very small for stars close to the Sun and increases
with distance, as the angle with the Sun— Galactic Centre vec-
tor increases. At [ = 271° and a distance of 3.6 kpc, this angle
is ~23°. For an assumed circular motion with vop = 220 kms™!,
the tangential component would be vy, ~ 90 kms™!. The total
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tangential velocity of HD 80077, derived from its proper mo-
tions at a distance of 3.6 kpc would be v, = 91 = 23 km s7h,
Unfortunately, this excellent agreement does not give us any in-
formation about the distance to HD 80077, because at [ =~ 270°,
a similar agreement can be obtained at any distance. It tells us,
however, that HD 80077 has no measurable peculiar velocity and
hence it is not a runaway. The same can be said for all other stars
in the area, except LS 1269.

4.3.2. Reddening and luminosity

Knoechel & Moffat (1982) analysed the interstellar Calr lines
in the spectrum of HD 80077, coming to the conclusion that the
extinction of the star was mostly caused by dust within 2 kpc
of the Sun. The colour excess of HD 80077, E(B — V) = 1.46,
is slightly higher than the average for members, but inside the
range considered typical (1.0, 1.6). The reddening in this area is
patchy, and some members lying close to HD 80077 also have
higher than average values of E(B — V), even though there does
not seem to be any clear gradient across the face of the cluster
(see Fig. 9).

The position of HD 80077 in the HR diagram of the cluster
fits well with its photometric values and spectral type. Besides,
the presence of moderately massive stars still on the ZAMS al-
lows the progenitor of HD 80077 to have originally had M, =2
40 M. The gap of 4 mag between HD 80077 and the next bright-
est star, LS 1267, is larger than usually seen in open clusters with
supergiants. However, given the low number of massive stars, its
significance is difficult to assess.

The strongest argument used against the membership of
HD 80077 (e.g., Knoechel & Moffat 1982) comes from the lack
of strong evidence for heavy mass loss. If HD 80077 is a mem-
ber of Pismis 11, it must have My = —9.5 corresponding to a
Mo = —10.5, assuming a bolometric correction similar to other
B21Ia supergiants (Humphreys & McElroy 1984). This would
mean that it is one of the most luminous stars in the Galaxy, as
discussed by Carpay et al. (1989, 1991), lying above the empiri-
cal Humphreys-Davidson limit (Humphreys & Davidson 1994),
where stars are supposed to be unstable.

Moreover, Knoechel & Moffat (1982) argued that the
lightcurve of HD 80077 only showed small variability, typical
of luminous supergiants. On the other hand, van Genderen et al.
(1992), observing the star for a much longer timespan, found
larger light variations and concluded that HD 80077 was per-
haps a luminous blue variable in quiescence. The few spectra of
the star published suggest that it has not displayed any sign of
spectral variability over 30 years.

There is, however, one obvious peculiarity in the spectrum of
HD 80077. Knoechel & Moffat (1982) observed a sharp P-Cygni
profile in the HB line on top of a weak broad emission feature on
photographic Coudé plates taken in February—March 1977. This
broad feature is also seen in our spectrum (Fig. 14). Though the
intensity of the broad feature is not easy to assess in this spec-
trum, because of the nearness of the 4885 A diffuse interstellar
band and the edge of the CCD (affecting the normalisation), it
seems to be present in all the spectra of HD 80077. This unusual
shape of Hp is highly reminiscent of that seen in the quiescent
LBV HR Car and the LBV candidate HD 168607 (e.g., Walborn
& Fitzpatrick 2000). On the other hand, other early B hyper-
giants, like ! Sco or Wray 977, present strong P-Cygni pro-
files in HeT lines (e.g., Kaper et al. 2006), which are not seen in
HD 80077. The main difference between the spectrum of HR Car
and that of HD 80077 (in addition to the later spectral type of
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Fig. 14. Blue spectrum of HD 80077, taken in 2003, showing features
indicative of a very high luminosity, such as the broad emission peak
in HB, the prominence of Mg1r 4881A for the B21a and the extreme
weakness of HeI lines when compared to metallic features.

HR Car) is the presence of many Fe II and [Fe IT] emission lines
in the former (Machado et al. 2002). In addition, the Ha P-Cygni
of HD 80077 seen in our 2003 spectra peaks 2.6 times above the
continuum level, while it only reaches ~1.2 times the continuum
in a sample of B1-B21Ia supergiants. There is thus evidence
for a higher mass loss rate than in typical B2 Ia supergiants and
spectral similarities to a known LBV.

Based on the analysis of the interstellar lines, Knoechel &
Moftat (1982) suggested that HD 80077 had to be at a distance
d 2 2 kpc. Taking into account that the star is not a runaway,
there is no stellar association to which it could belong if it is not
a cluster member. The association Vela OB1 lies at d = 1.9 kpc
(Humphreys 1978), but it is >5° apart in the sky. Even at this
shorter distance, HD 80077 would have My = —8.6, and still be
a B21Ia™ hypergiant according to the calibration of Humphreys
& McElroy (1984). As a comparison, ' Sco has My = —8.8
(Crowther et al. 2006). The distance to HR Car is not well
established. Accepting the high value of van Genderen et al.
(1991), it has My, = —8.9. For a B3 Ia spectral type (Walborn &
Fitzpatrick 2000) this imply a My = —7.8.

If HD 80077 is a member of Pismis 11, it will then be
brighter than stars with similar spectra. In order to resolve
the issue of membership, in Paper II we will carry out a de-
tailed analysis of echelle spectra of HD 80077 and the brightest
OB members of Pismis 11, which will be used to derive their
stellar parameters and surface abundances. With this, we expect
to assess if HD 80077 can really be as luminous as needed for it
to be a member of Pismis 11 or rather is more compatible with a
foreground object.

5. Conclusions

From a careful analysis of individual reddenings, we find a stan-
dard reddening law to the open cluster Pismis 11. Pending a
decision on the membership of HD 80077, the cluster contains
one O-type star and several early B-type stars. We derive a dis-
tance of 3.6 kpc, in good agreement with the work of Moftat
& Fitzgerald (1977). Around the cluster, we find a number of
early-type stars at the same distance, and a small open cluster,
which we call Alicante 5, located ~18’ away from Pismis 11,
which also shares the same distance modulus. We find no strong
reason to doubt the membership of HD 80077 in Pismis 11, but
then it would have to be one of the most luminous stars in the
Galaxy and perhaps more extreme spectral features should be
expected. In a second paper, we will carry out a detailed analy-
sis of intermediate and high resolution spectra of HD 80077 and
the three brightest OB members of Pismis 11, and a comparison
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to the blue hypergiant ¢! Sco, in order to assess the luminosity
of HD 80077.
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