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RESUMEN

Presentamos un andlisis fotométrico y polarimétrico de estrellas OB conocidas
por busquedas de este tipo de estrellas en la regiéon de Puppis. Se ha identificado
una nueva asociacion a una distancia de 2.6 kpc desde el Sol, cuya concentracion
principal estd en (I = 249°3, b = —426). Hemos encontrado otro grupo joven a una
mayor distancia (4.4 kpc), que se superpone parcialmente en la mismas coordenadas
galacticas. La eficiencia de la polarizacién es extremadamente baja. Los pardmetros
del ISM para estrellas de la parte central de la asociacién son Py = 1.21 +0.18(%)
y Oy = 140°2 £ 3°3; y los granos de polvo tienen un tamano normal. Discutimos
la ubicacién de ambos grupos y proponemos que la asociacién se sitia sobre el
brazo Local, mientras que el otro grupo seria parte del brazo de Perseo, siguiendo
el modelo de 4 brazos propuesto por Hou & Han.

ABSTRACT

A combined photometric and polarimetric analysis of OB stars known from
two searches of OB stars in the Puppis region resulted in the identification of a
new OB association located at a distance of 2.6 kpc from the Sun and with a main
concentration at | = 249°3, b = —4°6. There is another young group at a greater
distance (4.4 kpc) that partially overlaps the first one on the (I,0) plane. The polar-
ization efficiency of the dust towards the association is very low (1.25). The param-
eters of the ISM in the central region of the association are Py = 1.21 + 0.18(%)
and 6y = 140°2 + 3°3; the dust grains are of normal size, similar to the mean for
the ISM (0.55 pm). We discuss the location of both groups and propose the OB
association as part of the local arm, while the other group would be part of the
Perseus arm, according to the four-arm model of Hou & Han.

Key Words: ISM: dust, extinction — open clusters and associations: individual

(Puppis A, Puppis B)

1. INTRODUCTION

The Puppis region in the southern Milky Way
(230° < I < 260°) has some interesting features.
One of them is the so-called “Puppis window”, lo-
cated in the Galactic plane at [ = 245°, with a low
extinction of less than 2 mag and extending up to
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8 kpc (FitzGerald 1968); this window is useful for
the study of the outer spiral structure, and of other
galaxies. Another feature is the presence of two OB
associations (Puppis OB1 and Puppis OB2) at posi-
tive latitudes, whose physical existence has been dis-
cussed in many investigations (Moffat & FitzGerald,
1974; Havlen, 1976; Humphreys, 1978; Reed, 1989;
etc.); in addition, there are many indications of a
warping of the matter plane of the Galaxy in the
region (Reed 1996).

A general characteristic of the Puppis region is
the great number of young OB stars at negative lat-
itudes, listed in the Catalogue of Luminous Stars
for the Southern Milky Way (Stephenson & Sand-
uleak 1971; LS). The list includes stars in the mag-
nitude range of 8.0 < B < 12.0. Combined with the
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search for O-B2 stars performed by Orsatti (1992;
henceforth 092) using the thin prism, this list gives
a fairly complete sample of young OB stars (up to
B = 15.0 mag) in the region.

One of the results of Orsatti’s search was the
identification of a bunch of OB stars, located far from
the Galactic plane (b = —4°) and at [ = 249°, close
to a region where the actual existence of an associa-
tion in the surroundings of NGC 2439 has been dis-
puted (Turner, 1977; Humphreys, 1978; Kaltcheva
et al., 2001). Another important concentration of
faint O-B3 stars was found before by McCarthy &
Miller (1974; henceforth MM74) in a nearby region,
around the star identified as HD 63077. In recent
years, Courau et al. (2008) studied that region and
found about 26 OB stars at an approximate distance
of 5 + 0.4 kpc.

These results convinced us of studying the pos-
sibility of the existence there of a young OB associ-
ation; for that, we used the original U BV photom-
etry of both authors, complemented by multicolor
UBV RI polarimetry. Polarimetry has proven to be
of good help when dealing with possible star mem-
berships, providing information on the characteris-
tics of the interstellar medium.

2. OBSERVATIONAL MATERIAL

Stars from the OB searches were selected in an
area of about 17.5 square degrees, 245° < [ < 250°,
—2° < b < —5%5, where the main concentrations
of OB stars are located (see Figure 15 in 092 and
the HD 63077 chart in MM74). UBYV photoelectric
photometry for 092, and photographic photometry
of young stars for MM74 were taken from the origi-
nal investigations. In general, the stars from MM74
had fainter magnitudes; the large errors were asso-
ciated with photographic photometry. The details
of the OB searches, the observations and the plate
measuring processes can be read in the original pa-
pers. Table 1 lists the magnitudes and colors of the
selected non-emission stars, which were taken from
those authors; the galactic coordinates are also in-
cluded.

Fifty OB stars from both searches and some Lu-
minous Stars (LSS) in the region were selected for
observation using UBV RI multicolor polarimetry,
in order to analyze the polarimetric characteristics
of the interstellar medium for both groups. The ob-
servations were carried out from 2005 to 2012, in
common with other projects, using CASPROF the
rotating-plate polarimeter attached to the 2.15 m
telescope at the Complejo Astronémico El Leoncito
(San Juan, Argentina). This instrument is an im-

provement of the original design of the photoelec-
tric polarimeter known as VATPOL (see Magalhaes
et al. 1984); it has two high throughput photo-
cells (Martinez et al. 1990). The UBV (RI)kc
bands (KC: Kron-Cousins) have the following effec-
tive wavelengths: Ay, = 0.36um, Ap_, = 0.43um,
Ave = 0.55um, Ap.,, = 0.63um, and A7, = 0.78um.
CASPROF has 6 diaphragms of different apertures
for taking polarimetric measurements; this, in com-
bination with the 2.15 m telescope, results in aper-
tures of 5.0, 11.3, 17.0, 22.6, 33.9, and 45.2 arcsecs.
Standard stars from Turnshek et al. (1990) and from
Hsu & Breger (1982) were observed several times in
each run to determine both the instrumental polar-
ization (less than 0.02% for the whole set of filters)
and the zero point of the polarization angle system.

These observations are listed in Table 2, which
shows, in a self-explanatory format, the stellar iden-
tification, the polarization percentage (Py), the po-
sition angle of the electric vector (6,) for each filter,
and their respective mean errors, which were com-
puted considering the photon shot noise as the dom-
inant source of errors (Maronna et al., 1992). Stellar
identifications were taken from the Catalogue of Lu-
minous Stars (LSS), from 092, or from MM74 in the
case of stars in the HD 63077 region.

3. PHOTOMETRIC AND POLARIMETRIC
ANALYSIS
3.1. Photometric analysis

About 120 OB stars in the selected area are
plotted in Figures la and 1b. The intrinsic col-
ors and magnitudes were taken from Orsatti’s ar-
ticle, or by dereddening photographic observations
of MM74, or else by considering the relationships
between spectral types and color indexes (Schmidt-
Kaler, 1982); we adopted an R = 3.1. Filled circles
represent stars with photoelectric magnitudes and
colors, while small points represent stars with pho-
tographic measurements; the crosses represent non-
members stars.

Figure 1la shows the color-magnitude plot
Vo vs. (U — B)y for a group of 40 young stars, which
we identified as Group A. Most of the members
come from 092, with the exception of a few stars
from MM74. In the figure, the solid line represents
the zero age main sequence (ZAMS) for an intrin-
sic distance modulus Vy — My = 12.1 4+ 0.4 mag,
i.e., a distance of about 2.6 kpc from the Sun. The
youngest star on the ZAMS is 086 (LS 792), with
(U — B)y = —1.17 and the photoelectric color of
an O6 V star; this indicates an age of about a mil-
lion years. The OB association members are spread
over the area, with an important concentration at
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TABLE 1
PHOTOMETRY AND MEMBERSHIPS OF THE OBSERVED STARS
Star® Vv B-V U-B I b Mem. Star® V. B-V U-B 1 b  Mem.

o17 12.91 0.50 —0.18 245.31 —3.33 A 0120" 13.73 0.47 —0.19 246.50 —2.27 B
041 LS 758 12.18 0.37 —0.44 249.33 —4.83 A 0136 13.26 0.74 —0.16 246.64 —2.05 B
046 LS 767 11.21 1.17 0.00 248.44 —4.25 - 0159" 13.17 0.75 —0.17 24759 -2.09 B
050 11.60 0.41 —0.41 246.70 —3.19 A 0162 13.10 1.35 0.13 248.73 —2.73 A
053 12.35 0.49 —0.32 246.99 —3.32 A O172 LS 852 11.93 0.58 —0.32 248.17 —2.14 A
054 11.55 0.41 —0.42 246.81 —3.20 A 0185 11.51 0.78 —0.34 248.65 —2.19 A
055 13.50 1.16 0.04 24792 —3.84 B LS 628 9.86 0.24 —0.67 247.02 —5.13 A
056 12.64 0.74 —0.16: 249.40 —4.69 A LS 712 12.16 0.52 —0.43 247.37 —4.16 B
O57 LS 777 11.79 0.18 —0.55 246.10 —2.76 A LS 743 10.97 0.83 —0.22 247.95 —4.16 A
058 11.55 0.95 —0.13 247.83 —3.73 A LS 756 11.75 0.91 —0.19 248.01 —4.07 B
062 13.37 1.04 —0.03 248.21 —3.91 A LS 761 11.28 0.77 —0.30 249.36 —4.83 A
063 12.92 1.42 0.24 249.16 —4.46 A LS 765 11.59 0.99 —0.11 249.06 —4.61 A
065 13.33 0.85 —0.17 248.87 —4.28 B LS 769 11.43 0.65 —0.44 249.29 —4.72 A
O73 13.09 0.87 —0.11 249.49 —4.40 B LS 770 11.42 0.75 —0.29 249.27 —4.70 A
074 13.03 1.13 0.03: 249.08 —4.28 B LS 772 11.38 0.87 —0.23 249.10 —4.60 A
O75 LS 786 11.98 1.06 0.03 248.49 —4.23 A MM2" 15.33 0.98 0.16 248.74 —4.76 B
076 12.46 1.21 0.09: 249.19 —4.33 A MM6" 14.88 1.19 0.16 24891 —4.42 B
o78 12.93 1.24 0.15: 249.26 —4.36 A MM7" 14.31 1.04 0.19 249.14 —4.47 B
079 12.47 0.94 —0.19 249.64 —4.58 B MMS8” 13.33 1.30 0.07 249.14 —4.53 B
081 12.75 0.84 —0.23 247.69 —3.42 B MM9” 14.41 1.02 0.12 249.16 —4.54 A
O86 LS 792 11.48 1.09 —0.05 24898 —4.12 A MM10" 14.47 0.85 —0.09 249.22 —4.63 B:
OR87 12.24 1.03 —0.05 248.90 —4.06 A MM12 14.74 0.77 —0.01 249.12 —4.76 B
088 13.70 0.55 —0.19 247.12 —-3.00 B MM15" 14.81 0.98 0.10 249.02 —-5.12 B
090 LS 794 11.74 1.01 —0.12 249.33 —4.29 A MM16" 14.43 1.01 0.12 249.11 —5.12 B
091 12.95 0.87 —0.19 248.71 —3.93 A MM17" 14.56 1.00 0.06 249.14 —5.11 B
096 LS 798 11.70 0.24 —0.49 248.74 —3.90 A MM22" 14.77 1.02 0.10 249.14 —5.04 B
098 13.21 1.02 —0.14 248.90 —3.99 B MM23" 14.20 1.06 0.10 249.21 —4.94 B
099 LS 800 11.84 0.63 —0.43 248.90 —4.56 B MM28" 13.76 0.77 —0.18 249.09 —4.74 A
0104" 13.95 0.53 0.11 249.30 —4.11 B MM29" 14.10 0.94 —0.02 249.31 —4.89 A
0105 13.12 0.99 —0.13 24898 —3.66 B MM33" 13.44 0.93 —0.12 249.10 —4.60 A
0107 11.94 1.01 —0.06 24897 —3.89 A MM34" 13.20 0.84 —0.14 249.07 —4.66 B
0108 12.47 0.98 —0.14: 249.60 —4.24 B MM35" 12.91 1.00 —0.01 249.28 —4.05 A
O111 13.77 1.02 0.08 248.96 —3.85 A MM36" 14.39 0.88 0.04 249.27 —4.82 A
0113 12.54 0.33 —0.33 246.48 —2.33 A MM37" 13.54 0.83 —0.11 249.24 —4.83 A
0114 13.57 0.99: 0.00 248.36 —3.44 B MM42" 12.70 0.88 —0.17 249.14 —-5.11 B
0116 13.08 0.95 —0.11 248.56 —3.55 B MM44" 14.44 0.72 —0.08 249.41 —4.76 B
O117 12.50 0.49 —0.30 246.10 —2.08 A MM47" 12.99 0.99 —0.07 249.47 —5.03 B
0118 12.86 0.94 —0.11 248.58 —3.57 B MMb54" 14.47 1.12 —0.01 249.32 —5.17 -
0130 13.55 0.77 0.01 249.27 —3.78 A

#Luminous Stars Catalogue (LSS), Orsatti (1992; O), or McCarthy & Miller (1974; MM).

*Photographic photometry.

approximately | = 249°3, b = —4°6 (Figure 2, filled
circles). It is impossible to provide a value of the
mean absorption coefficient, but we can indicate that
Ay takes values between 2.8 and about 5 mag.

The rest of the selected stars are located at
greater distances.
magnitude diagram for them; the symbols represent
the same as in Figure 1la. Group B includes about 45

Figure 1b shows the color-
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TABLE 2
POLARIMETRIC OBSERVATIONS
Star® filter P\ +ep (= Star® filter Py £+ ¢€p (=
% ° % °

LS 681 U 1.10 £ 0.08 140.9 + 2.2 LS 772 U 1.72 £0.23 1292 £ 1.7
B 1.10 £ 0.11 1524 + 2.7 B 1.91 £0.15 1319 £ 0.6
|4 1.02 £ 0.03 152.9 + 1.0 14 1.66 £ 0.09 132.1 £ 0.7
R 1.17 £ 0.07 152.0 + 1.8 R 1.81 +£0.07 1329 £ 0.9
U 1.07 £ 0.07 150.8 &£ 2.0 I 1.55 £0.14 1352+ 1.3

LS 719 U 2.83 £0.11 136.5 £ 1.1 LS 773 - 0 51 U 0.89 + 0.13 46.4 + 2.5
B 2.86 + 0.10 1354 + 1.0 B 0.75 + 0.07 42.7 + 2.3
V 2.84 £ 0.03 136.2 £ 0.5 \%4 0.88 4+ 0.08 49.9 £+ 2.2
R 2.96 £0.02 134.6 £0.2 R 0.73 £0.07r 479 +£19
I 2.79 £0.03 136.3 £ 0.3 1 0.63 + 0.04 42.2 + 2.1

LS 758 - O 41 U 1.33 £ 0.09 1446 £ 1.9 LS 777 -0 57 U 0.47 £ 0.18 85.1 £ 9.7
B 1.54 £0.14 146.6 + 2.6 B 0.58 + 0.17 138.1 &= 5.5
|4 1.52 £ 0.04 150.4 + 0.8 \%4 0.45 + 0.13 150.7 + 6.2
R 1.64 + 0.05 150.8 + 0.8 R 0.50 + 0.13 157.4 + 2.3
I 1.34 £ 0.05 154.1 £ 1.0 I 0.49 £ 0.19 157.1 £3.9

LS 761 U 1.32 £ 0.16 1554 + 1.3 LS 779 U
B 1.61 £0.19 159.1 £ 1.5 B
\%4 1.41 + 0.08 152.5 + 0.7 \%4 1.24 4+ 0.09 41.5 £ 2.1
R 1.56 £ 0.10 157.2 £ 0.7 R 1.33 £ 0.06 44.1 + 2.1
I 1.09 £ 0.13 157.2 + 1.3 1 1.09 £+ 0.08 44.1 + 2.1

LS 765 U 0.51 £0.29 128.6 +14.9 LS 786 - O 75 U 0.49 £ 0.32 138.7 £6.3
B 1.01 £0.09 106.9 £+ 2.5 B 0.66 £ 0.33 156.9 £ 2.8
%4 0.97 £0.03 102.1 £1.0 \%4 0.74 + 0.18 169.4 + 2.0
R 0.85 £0.04 100.1 £ 1.3 R 0.69 + 0.12 166.9 + 2.0
I 0.81 £ 0.05 102.3 + 1.7 1 0.73 £ 0.15 168.2 £ 4.2

LS 767 - O 46 U 2.28 £0.13 85.9 £ 1.6 LS 792 - O 86 U 091 £0.31 1042 £ 15
B 2.81 + 0.18 82.8 + 1.2 B 1.01 £0.16 1024 + 4.5
\%4 2.40 £ 0.13 78.6 £ 0.7 14 0.70 + 0.13 109.0 + 1.4
R 2.50 4+ 0.10 78.7 £ 0.5 R 0.88 + 0.14 108.3 = 1.5
I 2.19 + 0.13 79.9 + 1.2 I 0.69 + 0.16 116.2 + 2.5

LS 769 U 1.49 +£ 0.16 151.2 + 4.8 LS 794 - O 90 U 1.34 £0.20 1284 + 4.3
B 1.23 £ 0.14 150.1 + 3.3 B 1.07 £ 0.09 126.2 + 2.5
1% 1.16 £0.12 157.0 £ 0.5 \%4 1.15 £ 0.04 1346 £ 1.1
R 1.30 £ 0.11  154.9 + 1.0 R 1.08 £ 0.05 1353 £ 1.2
I 1.25 + 0.18 156.5 £ 1.3 I 0.97 + 0.06 131.5 + 1.7

LS 770 U 0.81 £0.07 131.4 + 2.5 LS 798 - O 96 U 1.44 + 0.16 150.9 + 3.2
B 0.66 +£ 0.10 136.9 4+ 4.1 B 1.55 £ 0.13 156.6 £+ 2.1
|4 0.52 + 0.08 140.0 + 4.4 14 1.19 £ 0.11 157.2 £ 2.6
R 0.55 £ 0.09 140.7 £ 4.7 R 1.22 + 0.05 165.8 &+ 1.2
I 0.53 £0.13 132.7+ 7.0 I 1.26 £ 0.08 152.6 £ 1.8
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TABLE 2 (CONTINUED)

59

Star® filter P, +ep = Star® filter Py +ep ==
% ° % o
LS 802 - O 101 U 1.65 £ 0.12 100.0 £ 2.1 MM 6 U 0.66 + 0.25 111.3 + 254
B 1.31 + 0.12 92.7 £ 2.5 B 228 £0.25 108.1 = 6.3
vV 1.16 £ 0.01 92.1 £ 0.4 \%4 291 £0.34 1150+ 1.5
R 1.20 £+ 0.03 93.1 + 0.8 R 331 £0.33 1231+ 1.0
1 1.01 + 0.03 93.5 + 0.8 1 2.95 +£0.31 1198 &+ 4.2
0O 56 U 2.26 £ 0.45 133.4 £ 5.7 MM 7 U
B 1.68 £ 0.13  135.7 + 2.2 B
\% 1.88 £ 0.17 138.1 £2.6 Vv 1.63 £0.27 849+ 1.8
R 1.87 £0.08 1372+ 1.2 R 1.12 £ 027 89.0+ 7.3
I 1.63 £ 0.13 128.0 £ 2.3 1 0.57 + 0.45 80.0 + 20.7
0O 58 U 0.93 + 0.18 53.0 + 1.7 MM 10 U 4.65 +0.21 129.8 £+ 9.2
B 1.08 £0.09 51.1 £1.9 B 4.28 £0.17 129.1 £ 24
\% 0.93 + 0.05  50.3 + 2.1 v 256 £0.21 119.7+ 1.4
R 0.75 + 0.04 50.3+1.9 R 279 +£0.11 1238 + 1.3
1 0.63 £ 0.07 455+ 1.8 1 2.82 £0.22 1246+ 2.6
O 76 U 0.27 +0.44 67.2+ 35 MM 15 U
B 1.21 £+ 0.12 84.3 + 2.6 B s e
\% 1.07+£0.11 974 £+ 2.9 Vv 241 £0.27 148.05 + 3.3
R 1.19 £ 0.07  96.8 + 3.1 R 2.24 £0.22 146.17 £ 2.8
I 1.01 £+ 0.07 92.9 +£ 2.7 1 2.55 £0.17 155.60 &= 1.9
078 U 1.02 £0.99 104.9 + 20.9 MM 16 U
B 1.94 £ 043 1109 £5.6 B 3.52 £0.56  150.9 + 4.5
\%4 1.95+0.16 1179 £ 1.3 |4 2.69 £0.23 149.6 = 2.5
R 1.86 & 0.23 113.6 £ 1.1 R 1.94 + 0.21 152.7 + 3.1
I 145+ 0.14 110.7 £ 2.8 1 1.82 £ 0.25  145.5 £ 4.6
O 87 U 1.08 + 0.18 45.9 +4.8 MM 17 U
B 1.37 £ 0.11  43.9 £ 2.3 B
\% 1.52 £ 0.11  44.1 £ 2.1 1% 2.20 +0.08  149.1 £ 5.2
R 1.48 +£0.08 422+ 1.5 R 1.94 £0.21  152.7 £ 3.2
1 1.40 £0.13  41.1 £ 2.7 I 1.82 £0.29  145.5 £+ 4.6
091 U 1.84 £ 0.51 139.8 £5.8 MM 18 U 3.38+0.19 153.3 £0.8
B 1.64 +£0.53 140.3 £ 24 B 3.056 £0.30 1519 &+ 1.1
\% 1.56 £ 0.23 143.2 £ 1.7 Vv 3.38 £0.23 153.0 £ 1.5
R 1.61 £ 0.15 143.0 £ 1.1 R 3.08 £ 0.29 154.1 £ 0.9
1 1.20 £ 0.35 148.7 + 3.4 I 2.72 +£0.34  150.2 + 3.1
0 130 U MM 20 U
B 1.27 £ 0.19  144.1 £ 4.2 B 1.99 £ 045  142.6 £ 6.5
14 1.35 £ 0.11 162.1 £ 2.3 \%4 3.19 £ 0.10 151.0 &£ 0.9
R 1.62 £ 0.09 1555 £ 1.6 R 3.40 £0.14 151.8 £ 1.2
1 1.42 +£0.07 1543 £ 1.5 1 3.01 £0.18 154.8 £ 1.7
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TABLE 2 (CONTINUED)
Star® filter Py, +ep 0\ £ € Star® filter Py, + ¢ep 0\ £ €
% ° % °
MM 21 U 3.67 £ 0.27 1484 + 0.7 MM 36 U 1.56 £ 0.58 112.4 4+ 8.3
B 4.29 £ 0.20 153.0 = 1.2 B 2.02 £0.26 130.5 £ 2.6
1% 3.93 +£0.17 153.0 £ 0.5 \% 1.91 £ 0.18 136.5 £ 2.7
R 4.19 +£0.14  153.3 £ 0.3 R 1.50 £ 0.12 145.6 + 2.3
1 3.76 £ 0.15  153.0 £ 0.3 1 1.53 £0.19 139.1 + 3.6
MM 22 U MM 37 U
B B 2.85 + 0.27 140.8 + 2.3
1% 240 £0.27  139.7 £ 3.3 \% 1.90 £ 0.14 143.6 + 2.1
R 2.03 £0.23 1489 £ 3.3 R 2.17 + 0.07  150.9 + 0.9
I I 1.52 £ 0.10 151.9 £ 1.9
MM 27 U 1.89 +£0.83  135.0 £11.8 MM 39 U 1.29 +£0.12 145.6 + 0.7
B 1.62 £0.19 143.4 £ 3.3 B 1.36 £ 0.27 140.8 &= 0.5
%4 1.24 £ 0.10 137.6 &+ 2.2 Vv 248 £0.14 143.6 £ 04
R 1.63 £0.14 138.3 £ 0.9 R 1.82 £ 0.07 150.9 + 0.8
1 1.29 £ 0.06 134.1 £1.3 1
MM 28 U MM 40 U
B B
%4 1.21 £0.14  140.8 £ 3.2 \% 2.82 £0.27 1452 + 2.8
R 1.22 £0.21  139.4 £ 2.6 R 2.10 £0.14 147.0 £ 1.9
1 1.09 £ 0.14 127.0 &+ 3.7 1 2.17 £0.38 134.0 £49
MM 29 U MM 42 U 1.77 £ 0.37 153.0 £ 5.9
B 2.12 £0.69 169.5 + 14.0 B 1.87 £0.32 155.1 + 2.6
%4 1.22 £0.21  160.0 £ 5.9 %4 2.10 £0.19 152.8 £ 0.6
R 1.53 £ 0.25 165.6 = 1.1 R 1.94 +0.21 153.0 £ 1.8
1 1.13 £ 0.10 158.6 = 2.6 1 1.84 £ 0.26 149.8 + 1.8
MM 32 U MM 43 U
B B 1.97 £ 0.36 124.6 &+ 6.6
1% 1.06 +0.22 143.5 + 5.7 1% 1.21 £0.17 125.3 £ 4.1
R R 142 +£0.14 124.8 + 2.3
I 1 1.26 £0.23 123.0 £ 7.1
MM 33 U MM 44 U
B B 3.96 £ 0.38 140.7 £ 2.8
%4 1.15 £ 0.15  143.7 £ 3.6 %4 2.94 £0.15 1258 £ 1.5
R R 227 £0.18 131.0 £ 2.3
1 1 2.30 + 0.21 129.4 + 2.7
MM 35 U 1.12 £ 0.53 146.3 £ 1.4 MM 48 U
B 0.24 4+ 0.47  148.8 + 22.7 B
1% 0.63 +£0.13  139.9 + 5.7 1% 1.38 £0.28 136.6 + 5.7
R 0.54 + 0.15  142.0 &+ 5.0 R
1 0.28 £ 0.21  119.6 4+ 14.2 I




© Copyright 2016: Instituto de Astronomia, Universidad Nacional Auténoma de México

UNVEILING NEW ASSOCIATIONS IN PUPPIS

TABLE 2 (CONTINUED)

Star® filter P\ +¢ep Oy + €9 Star® filter P\ +¢ep Oy + €9
% ° % °
MM 52 U .. MM 54 U
B 2.33 £ 0.21 133.3 £ 2.7 B 1.63 + 041 137.6 £ 7.1
% 3.60 £ 0.17 1432+ 14 \% 5.01 £ 0.37 1284 + 2.1
R 2.85 £ 0.14 1350+ 1.4 R 575 £ 0.17  129.4 + 0.8
I 2.58 £ 0.15 1382 £ 1.7 I 5.53 +£0.17 126.8 + 0.8

61

*Luminous Stars Catalogue (LSS), Orsatti (1992; O); or McCarthy & Miller (1974; MM).

OB stars: 17 of them with photoelectric photometry
and the rest with photographic photometry. Fitting
a ZAMS through these 17 stars would give an intrin-
sic distance modulus of Vj — My = 13.2 mag, that
is, a distance of 4.4 kpc from the Sun, with a similar
age than Group A. In Figure 2, the young OB stars
are represented by open circles; it can be seen that
both groups practically overlaps each other.

The question seems to be: is it another associa-
tion? We are not sure. Even for the tight OB se-
quence seen in Figure 1b, we think the picture is not

4 T T T T T T 4
GroupA ] GroupB ]

5~ T r 15

6~ x T r 16

PR T ST I
14 12 -1 -08 -06 -04 -02
(U-B),

PR T NI I B
14 12 -1 -08 -06 -04 -02
(U-B),

Fig. 1. Vo vs. (U — B)o for members of Group A (Fig. 1a,
left plot) and for young stars in Group B (Fig. 1b, right
plot). Small points indicate magnitude and colors from
photographic photometry, and crosses are used for non-
members. The position of the ZAMS for Group A (full
line) and a possible ZAMS for stars in Group B (dotted
line), are also shown.

complete. The OB searches used here have a detec-
tion limit defined by the exposure times of the plates,
and by the visual crowdings affecting several sectors
of the area covered by the images. In addition, it is
evident that the photographic photometry of MM74
failed to detect the faintest stars. An analysis of the
interstellar material using polarimetric observations
should shed some light on this issue.

3.2. Polarimetric analysis

Figure 3 shows the plot of the V-band polariza-
tion vectors for the observed stars, as well as their
orientations; two apparent groupings can be seen at
latitudes b < —4°65; the polarization angles of the
polarization vectors have a similar mean orientation,
aligned with the orientation of the Galactic plane in
the region 65p = 150°3.

However, there is a very irregular distribution
of the polarization angles for b > —4°65. Figure 4
shows a plot of stars, and their polarization vectors,
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Fig. 2. Distribution of members of Group A (filled cir-
cles) and Group B (open circles) in Galactic coordinates.
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Fig. 3. Polarization vectors (Johnson V-filter) and their
orientations for the stars observed in the region. The
length of each vector is proportional to the percentage
polarization. Filled and open circles are used for mem-
bers of Groups A and B, respectively; asterisks are used
for nonmembers.

from the catalogue of Heiles (2000) and in the close
neighborhood of our region, which is represented
by a square. The number of stars from the cata-
logue is scarce in the interval 244° < [ < 254° and
—2°5 < b < —6°5, but some of the polarization an-
gles show similar differences in 8y,. This could be due
to the non-uniformity of the magnetic field along the
line of view, as found by McMillan & Tapia (1977) in
the Cygnus OB2 association. A P, vs. 6, plot (Fig-
ure 5) shows considerable position angle rotations of
the electric vector in the direction of the main con-
centrations, with 6, values from 40° to about 135°.

Figure 6 shows in detail the distribution of the
polarization angles of the observed stars. The grey
bars show that the 0y angles vary mainly between
4° and 160°, with a concentration in the range of
100° - 170°. However, if we consider only the stars
located south of b = —4°65, the new distribution
(dark bars) supports the concentration of angles but
in the range 120° - 160°, with a peak value around
145°. The vertical line, labelled as GP, is the projec-
tion of the Galactic plane in the region 65p = 150°3.

3.3. Fitting with Serkowski’s law

If polarization is produced by interstellar dust
particles aligned with the Galactic magnetic field,
then the observations of interstellar polarization will
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Fig. 4. Polarization vectors and their orientations for
stars from the catalogue of Heiles (2000). The length of
each vector is proportional to the percentage of polariza-
tion. Stars observed in this work are located inside the
rectangular area.
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Fig. 5. Polarization angle rotation. Stars with intrinsic
polarization are shown as triangles.

follow the same curve for all the stars, which is well
approximated by an empirical formula (Serkowski
1973). Thus, to analyze the data, the observations
performed with the five filters were fit for each star in
our sample by using the Serkowski law of interstellar
polarization given by

P)\/P)\max - e_Klnzo\mBX/)\) (1)

in which star must have a P,_,, and a Apax
value.  To perform the fitting, we adopted a
K = 1.66Amax + 0.01 (Whittet et al. 1992), where
Amax 18 in um. The values obtained for the individ-
ual Py . and Apax are listed in Table 3, together
with the star identification.

In addition to interstellar polarization, other
mechanisms may cause linear intrinsic polarization.
For example, Thomson scattering in a flattened
plasma disk around Ae/Be stars (Serkowski, 1968;
Coyne & Kruszewski, 1969; etc.), or light scatter-
ing by large size grains located in non-spherically
distributed dust clouds (e.g., in the light from red
giants, red and yellow variables, and other objects;
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TABLE 3
POLARIZATION RESULTS AND MEMBERSHIPS

Star® Poax” + €p 01° pol. Amax tex  Mem.

Star® Poax” £ €p 01 pol.  Amax T ex  Mem.

% crit.
LS681 1.11 £0.07 2.69 o1 0.57 £ 0.07 -
LS 719 3.03 £ 0.08 4.41 o1 0.61 £+ 0.03 -
LS 758 1.60 £+ 0.05 1.68 0.57 + 0.03 A
LS 761 1.51 £ 0.08 1.40 0.52 + 0.04 A
LS 765 0.96 + 0.05 1.30 0.51 + 0.05 A
LS 767 2.67 £ 0.09 1.49 0.53 £ 0.03 -
LS 769 1.38 £0.11 1.65 0.52 + 0.07 A
LS 770 0.63 £0.04 1.00 Apax 0.37 & 0.03 A
LS 772 1.85 £+ 0.09 1.55 0.55 + 0.05 A
LS 773 0.83 £0.04 1.20 0.49 £+ 0.03 -
LS 777 0.54 4+ 0.04 0.53 0.54 4+ 0.06 -
LS779 1.31 £0.10 1.26 0.54 £+ 0.08 -
LS 786 0.74 4+ 0.03 0.30 0.65 + 0.04 A
LS 792 0.89 £ 0.04 1.07 0.51 £ 0.08 A
LS 794 1.16 £0.04 1.08 0.51 £ 0.03 A
LS 798 1.41 +£0.12 216 o1 0.52 £+ 0.06 A
LS 802 1.18 £0.04 3.64 o1 0.53 4+ 0.05 -
O 56 1.89 + 0.06 1.00 0.56 & 0.40  A:
O 58 0.99 4+ 0.09 1.38 0.46 £+ 0.04 A
O 76 1.16 + 0.10 1.57 0.58 £ 0.10 A
O 78 1.93 + 0.10 0.50 0.51 £+ 0.03 A
O 87 1.51 +£ 0.20 0.27 0.61 £+ 0.02 A
091 1.73 &+ 0.10 0.60 0.51 £+ 0.40 A
O 130 1.50 = 0.06 1.19 0.65 £+ 0.06 A
MM 6 3.14 +0.12 0.57 0.73 £ 0.04 B

% crit.
MM 7 2.92 4+ 0.30 0.46 0.45 4+ 0.06 B
MM 10 4.06 £ 0.67 1.08 0.47 £+ 0.06 B
MM 15 2.51 £ 0.17 1.06 0.75 £ 0.13 B
MM 16  3.00 &£ 0.78  1.37 0.43 £ 0.09 B
MM 17 2.22 £ 0.11 0.69 0.49 4+ 0.06 B
MM 18 3.54 £ 0.14 1.12 0.48 + 0.03 B
MM 20 3.33 £0.15 1.40 0.67 4+ 0.06 B
MM 21 4.37 £ 0.14 1.65 0.56 £+ 0.03 B:
MM 22 (2.40) £ (0.27) .- B
MM 27 1.45 4+ 0.10 1.29 0.61 £ 0.07 A
MM 28 1.25 + 0.10 0.49 0.63 £ 0.01 A
MM 29 1.37+0.18 1.19 0.56 £+ 0.09 A
MM 32 (1.06) % (0.22) A
MM 33 (1.15) £ (0.15) --- A
MM 35 0.71 £ 0.26 0.79 0.45 £ 0.11 A
MM 36 1.83 £ 0.15  0.89 0.50 & 0.06  A:
MM 37  2.36 £ 0.46 1.63 0.47 £ 0.10 A:
MM 39 1.74 4+ 0.20 4.45 o7 057 £0.1 B
MM 40 2.70 £ 0.72 1.47 0.45 £ 0.13 B
MM 42 2.12 £+ 0.06 0.48 0.58 £ 0.03 B
MM 43 1.38 &+ 0.14 1.31 0.56 £ 0.15 A
MM 44 3.20 £+ 0.65 2.19 0.42 £+ 0.09 B
MM 48 (1.38) £ (0.28) --- A
MM 52 3.50 £+ 0.65 2.32 0.45 £+ 0.09 B
MM 54 5.68 £ 0.15 1.22 0.69 £ 0.06 -

#Luminous Stars Catalogue (LSS), Orsatti (1992; O); or McCarthy & Miller (1994; MM).

PValues between parentheses correspond to the V-filter.

o012 =3 (ra/epy )?/(m — 2); where m is the number of colors and 7y = Py — Pmax exp(—K In?(Amax/))).

(Coyne & Vrba, 1976; Bergeat et al., 1976; etc.); an-
other possible cause is the combination of both of
these mechanisms acting on the light of a single star
(e.g. Capps, Coyne & Dick 1973; HD 44179) and of
binary stars, especially close binaries.

The o7 parameter (the unit weight error of the
fit; Marraco et al. 1993) contributes to the detection
of stars showing indications of non-interstellar polar-
ization. This parameter quantifies the departure of
our data from the “theoretical curve” of Serkowski’s
law. In our schema, when a star exhibits o1 > 1.70,
which is an empirical limit, it indicates the presence
of intrinsic stellar polarization, that is, a polariza-
tion of non-interstellar origin that forms part of the
measured polarization. There is a second criterion

for identifying intrinsic polarization: individual Ay ax
values. Stars with a much shorter A\, ,x than the av-
erage value for the interstellar medium (0.55 pm;
Serkowski et al., 1975) are candidates for having an
intrinsic component of polarization (Orsatti et al.,
1998).

Considering only the stars shown in Table 3
whose Pnax errors are below 15%, we found that
six of them have indications of intrinsic polarization.
Five were identified using the oy criterion; they are:
LS 681 (09 IV) and LS 719 (B7 Iab), for which the
possible origin of the non-stellar polarization is the
scattering of light by the presence of circumstellar
material around the stars due to their evolutionary
state; LS 798 (an emission-line star) shows scattering
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Fig. 6. Polarization angle distribution. Grey bars are
the histograms for the whole set of stars observed in the
region, while dark bars are for stars with b < —4765.
The vertical line, labelled as PG, is the projection of the
Galactic plane in the region (6gp = 150°3).

of light in an extended atmosphere; stars LS 802 and
MM 39, which have high values of the o1 parameter:
3.64 and 4.45 respectively; they could be some kind
of variables or undetected binaries. The second cri-
terion gives only one star, LS 770 (Apax= 0.37um),
for which there is no information in the literature.
Column 4 in the table shows the criterion used to
detect the intrinsic polarization.

In principle, interstellar dust alone appears to be
responsible for the polarization observed in the light
of the rest of the stars, but, in fact, a situation in
which a standard Serkowski curve gives a good fit to
the observations of a particular star does not exclude
the possibility of a different origin for the polariza-
tion. This is so because circumstellar shells could
be subject to an abnormal wavelength dependence
on polarization that resembles the interstellar law in
a limited range of wavelength. This is the case of
MM20, MM52 and MM54, whose o1 and A,a.x have
normal values.

In Figure 7, we plot the polarization and posi-
tion angle dependence on wavelength of three stars
(LS 681, LS 802, MM 39); the intrinsic polarization
was calculated according to the values of o1: 2.69,
3.64 and 4.45, respectively. We also present simi-
lar plots for stars MM20, MM52 and MM&54; their
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Fig. 7. The plot displays both the polarization and po-
sition angle dependence on wavelength, for some of the
stars with indications of intrinsic polarization. The solid
curve denotes the Serkowski polarization relation for the
general interstellar medium (ISM); the value of the o1
parameter is also shown.

intrinsic polarization was not detected using the oy
parameter but by their unusual location in other po-
larimetric plots. In the individual graphs, the solid
curves denote the Serkowski polarization relation for
the interstellar medium; there is mismatch between
the observations and the curves, as well as a wave-
length dependent position angle. We can explain
these position angle rotations as caused by the su-
perposition of a multi-cloud system with different
field directions.

3.4. Polarization efficiency

It is supposed that the same dust that polarizes
the light will also redden it, and that what is re-
ferred to as the polarization efficiency of the inter-
stellar medium (ISM) (the ratio Py /Ep_y) is the
degree of polarization produced for a given amount
of reddening by the intervening dust grains. Assum-
ing a normal interstellar material characterized by
Ry = 3.1, the empirical upper limit relation for the
polarization efficiency is given by:

PV S 3 AV ~ 3 RV EBfV (2)

(Serkowski et al. 1975). This provides a measure
of the efficiency with which the grains are aligned,
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but there are other factors capable of influencing the
result: the number of clouds in the line of sight, the
clouds’ structure, the homogeneity of the magnetic
field, among others.

The polarization of any star that shows higher
values than Py = 9.3FEp_y can be immediately sus-
pected of having a non-interstellar origin. Stars
with lower values indicate that the alignment of
dust grains is not total (or that it has multiple pre-
ferred orientations due to the non-uniformity of the
magnetic field along the line of sight), and/or that
the grains are only moderately elongated particles
(rather than infinite cylinders) that may be irregu-
larly shaped.

Figure 8 shows a very useful polarimetric plot
that can be used to analyze star memberships. It
shows the Py vs. FEp_y for the polarimetrically
observed stars; the solid line represents the empir-
ical upper limit estimated for interstellar dust par-
ticles, assuming an Ry = 3.1. Individual color ex-
cesses were obtained either from the literature, by
dereddening the colors and using the relationship
between spectral types and color indexes (Schmidt-
Kaler, 1982), or from the spectral types. None of the
stars shows higher values than the empirical upper
limit.

The figure shows a compact set of stars
(0.90 < Ep_y < 1.60; 0.50 < Py < 2.0), as well as
other stars with high polarization but similar color
excesses. The group with lower polarization includes
OB stars from Group A and some luminous stars
(LS) in the region (color excesses derived from pho-
toelectric observations are represented by filled cir-
cles), as well as stars from MMT74 (color excesses from
photographic photometry are represented by smaller
symbols). Appearing more dispersed in the plot, the
figure also shows the position of other stars from
MMT74 (open circles) and some non-members stars
(crosses). Some dispersion in color excess can be
seen in Group A, which could be due to the irregular
distribution of dust in the region, or to an overesti-
mation of color excesses when taking evolved stars
as main sequence stars. Stars 056, O58 and MM36-
37 are probable members of Group A. The few stars
associated with Group B show a similar dispersion
in color excesses.

The ratio Ppax/Ep_v depends mainly on the
alignment efficiency and on the magnetic field
strength, as well as on the amount of depolariza-
tion caused by radiation traversing more than one
cloud with different field directions. For the in-
terstellar medium average, Serkowski et al. (1975)
found Ppax = 5.03 Ep_v, but there are other regions

where the value found is smaller, as in Cygnus OB2
which has a value of 1.7 (McMillan & Tapia, 1977).
In our case, working only with Group A stars, we
found a polarization efficiency of about 1.25, even
lower than that for Cygnus OB2; the strong rota-
tions in 6,, shown in Figure 5, are very probably
due to the presence of a number of clouds with dif-
ferent field directions, one of the possible origins of
depolarization.

3.5. The Qv vs. Uy plot as a polarimetric tool

The plot of the Stokes parameters Qv vs. Uy
for the V-bandpass, where Qv = Py cos(20y) and
Uy = Py sin(20y) are the components in the equa-
torial system of the polarization vector Py, is an
important polarimetric tool that illustrates the vari-
ations occurring in interstellar environments. Since
the light from cluster members must have traversed
a common envelope of dust with particular polari-
metric characteristics, member data points should
occupy similar regions in the plot. Non-member
(foreground and background) stars should be located
somewhat apart from the region occupied by member
stars, since their light must have traveled through
different dust clouds from those affecting the light of
member stars with different polarimetric character-
istics.

In open clusters, most of which have projected
sizes of a few minutes, this plot has been success-
fully used for membership identification (Orsatti et
al., 2007, 2010, among others), as the characteristics
of the interstellar medium associated with them are
well defined; however, in the case of stellar associa-
tions, the interstellar medium most probably shows
variations from one point of the object to another. In
this case, there remains the possibility of separating
the stars in groups according to the general polari-
metric characteristics of the ISM: mean polarization,
orientation of the polarization vector and dust grain
sizes.

Figure 9 shows the plot of the stars belonging to
Groups A and B, represented by filled and open cir-
cles respectively; triangles are used for stars with in-
trinsic polarization, while points represent stars with
b < —4265. The point of coordinates Qy = 0 and
Uy = 0 indicates the dustless solar neighborhood.
We see that the interstellar medium associated with
Group A is quite homogeneous, as was observed for
members of open clusters. The stars in Group B are
not so concentrated in the plot, but we must con-
sider that there are polarimetric data for only a few
OB members.
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Fig. 8. Polarization efficiency diagram Py vs. Ep_v
for stars in the direction of the groups. The line of the
empirical maximum efficiency Py = 9.3 Ep_v (solid line)
is drawn, adopting Ry = 3.1. Filled and open circles are
used for members of Group A and Group B, respectively,
crosses for nonmembers.

From MM stars 27, 28, 32, 33 and 48, we ob-
tained the mean values Py = 1.21 + 0.18 (%) and
Oy = 140°2 £ 323, which we took as representative
parameters of the interstellar medium for Group A.
The mean wavelength of maximum polarization
amounts to 0.55 ym (mean of five stars), very simi-
lar to the mean value for the ISM: A, = 0.545um
(Serkowski et al., 1975).

For the other aggregate, we selected the MM
stars 15, 16, 17, 18, 22, 40 and 42. According to
the plot, MM21 is a foreground star. We obtained
a mean value of polarization Py = 2.61 (%), and
Oy = 149°5 (mean of 7 stars). The mean wavelength
of maximum polarization amounts to 0.53 pm, again
very similar to the mean value for the ISM.

The last columns of Table 1 and Table 3 list the
proposed star memberships. The photometric ob-
servations allowed us to assign each star to a group,
and this was later compared with the polarimetric
results.

4. CONCLUSIONS

We investigated the possible existence of new OB
associations at negative latitudes in the Puppis re-
gion. We confirmed one of them, located at a dis-

Fig. 9. Qv - Uy Stokes parameters. Filled and open
circles are used for members of Group A and Group B,
respectively, while triangles are used for stars with in-
trinsic polarization according to Table 3. Finally, small
points represent the position in the plot of the observed
stars with b > —4765.

tance of 2.6 kpc from the Sun, with a main concen-
tration at [ = 249°3, b = —496. It is very young and
its members are OB stars known from the searches
conducted by McCarthy & Miller (1974) and Or-
satti (1992). The number of members (40) is un-
der revision due to the detection limits imposed by
the plate centers of the thin prism and by exposure
times. There is another probable young grouping, at
a greater distance (4.4 kpc) with 45 possible mem-
bers, which partially overlaps the first one in the
(1,b) plane.

Polarimetry helped in assigning star member-
ships taking into consideration the characteristics of
the interstellar medium. Using this tool, we found
that the polarization efficiency of dust grains to-
wards the stars in Group A is very low, indicating a
poor alignment of the dust grains in the direction of
the object, or the presence of other factors such as
the number of clouds in the line of sight, the cloud
structure, etc. The parameters of the interstellar
medium at the central part of the association are
Py =1.21 £ 0.18 (%) and 6y = 140°2 £ 3°3 (both
of them from the mean of 5 stars). The dust grains
have a normal size, similar to the mean for the ISM
(0.55 pum). For the other (possible) group, the lack
of reliable measurements of color excesses prevented
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us from estimating a value of the polarization effi-
ciency. We estimated a higher value of mean polar-
ization (Py = 2.61 % ) and 0y = 149°5, as well as
normal grain sizes.

Group A is evidently on the Local Arm, but we
have doubts about the location of Group B, and
even of its existence as a group, as mentioned in
§ 3.1. This group is on a spur projecting toward
the Perseus arm. Kaltcheva et al. (2001) found evi-
dence of a dust cloud possibly located at a distance
of about 200-250 pc, towards the region of high-
est absorption at [ = 249°; Ay might reach there
5 magnitudes at about 1 kpc. If this dust cloud is
the main responsible for the polarization of Group
A members (Py= 1.21%), then there would be an-
other dust cloud between both groups, since the
mean polarization for Group B members is higher
(Py = 2.61%). The Qv vs. Uy indicates that the
interstellar medium is not the same for both A and
B groups.

There is another possibility: that Group A is lo-
cated on the external border of the Local arm, and
Group B on the Perseus arm. If we plot the position
of both groups on the four-arm model of Hou & Han
(2014), the idea of having them on different galactic
arms could be acceptable. We think it is necessary to
obtain better information on both groups by includ-
ing CCD photometry and the spectral types of the
most luminous members, as well as radial velocity
studies.

We wish to acknowledge the technical support
and hospitality given to us at CASLEO when carry-
ing out polarimetric observations. Special thanks go
to Dr. Hugo G. Marraco for his useful comments.
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