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RESUMEN

Se presentan observaciones infrarrojas J, H y K de 69 estrellas locales del
halo de la Galaxia. Se producen los diagramas de dos colores (JHK) y color
magnitud (K versus (J — K)) para esta muestra estelar y se comparan con los
mismos diagramas para las poblaciones estelares de los cimulos globulares M3,
M13, M92 y 47 Tucanae y del cimulo abierto viejo M67; también se comparan con
los diagramas de la poblacién estelar del bulbo galéctico.

ABSTRACT

We present infrared J, H and K observations of 69 local galactic halo stars.
We produce the two colour (JHK') and the colour magnitude (K versus (J — K))
diagrams for this stellar sample and compare them with the same diagrams for the
stellar populations in the globular clusters M3, M13, M92 and 47 Tucanae and in
the old open cluster M67; we also compare these diagrams with those for the stellar

population in the galactic bulge.
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1. INTRODUCTION

The study of stellar populations has been an ac-
ve field since Baade (1944) proposed for the first
me the concepts of Populations I and II. An im-
ortant step forward was given by Eggen, Lynden-
ell, & Sandage (1962) when they clearly associated
cllar atmospheric characteristics (UV excess) with
nematical properties of the orbits of the stars they
udied; and thus were able to propose a galaxy for-
1ation scenario much exploited and discussed, and
:nerally known as the ELS scenario. Later, Searle,
Zinn (1978) proposed an alternative formation sce-
ario in contraposition to the ELS proposal. Ma-
r landmarks in the field of stellar populations have
zen periodically reached (see, O’Connell 1958; Tins-
y & Larson 1977; Norman, Renzini, & Tosi 1986;
arbuy & Renzini 1992; van der Kruit & Gilmore
995), and the recent compilations dedicated exclu-
vely to single components of a galaxy such as Jarvis
: Terndrup (1990), Dejonghe & Habing (1993), Mor-
son & Sarajedini (1996).

! Based on observations collected at the Observatorio
stronémico Nacional, San Pedro Mértir, B.C., México.
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In this paper, as continuation of our IR study of
the Galaxy’s stellar populations, we present IR pho-
tometry for a sample of 69 local halo stars taken from
the Sommer-Larsen & Zhen (1990) sample; and we
compare their two colour JH K and their colour mag-
nitude Mg versus (J — K) diagrams with those for
the globular clusters M3, M13, M92, and 47 Tucanae;
the old open cluster M67, and the galactic bulge, in
order to establish similarities and/or differences.

In § 2 we present the observations and the data,
while § 3 gives the results, and § 4 presents our sum-
mary and conclusions.

2. THE OBSERVATIONS

We observed a number of stars that are pre-
sumed to be members of the galactic halo. They
were extracted from the local, metal-poor sample
of Sommer-Larsen & Zhen (1990). The original
118 stellar sample consists of stars selected with-
out kinematic bias and with a metallicity value of
[Fe/H]< —1.5 and a mean value of [Fe/H]~ —2.0.

The photometry was obtained with the Obser-
vatorio Astronémico Nacional (OAN) InSb infrared
photometer (Roth et al. 1984) attached to the 2.1-m
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TABLE 1

OBSERVING SESSIONS

Session Date

1 1 - 6 December, 1990

2 30 June — 3 July, 1991
3 11 - 15 November, 1992

telescope. A wobbling secondary with a frequency of
20 Hz was utilised to eliminate the background. A
number of standard stars (Tapia, Neri, & Roth 1986;
Carrasco et al. 1991; Ruelas-Mayorga & Noriega-
Mendoza 1993) were also observed. The reduction
techniques were those usual for this type of work.
The observations were obtained over a series of ob-
serving sessions as shown in Table 1.

The photometric results are presented in Table 2
where the first column gives the star name; columns
2 and 3 give the position (a,§)(2000); column 4
gives the distance from the Sun in parsecs (taken
from Sommer-Larsen & Zhen 1990); column 5 gives
the spectral type taken from the Simbad database,
where w = weak line, e = spectrum with emission
lines, m = metallic lines, and p = peculiar spectrum,;
columns 6, 7, 8, 9, 10, and 11 show the reddening cor-
rected valuesof J, H, K, J— H, H— K, and J — K
transformed to the California Institute of Technol-
ogy (CIT) IR system. The transformation to the
CIT system is achieved by the use of the following
equations (taken from Carrasco et al. 1991)

Kerr = —0.0176(££0.0141)
+1.0047(£0.0030) Koan (1)

(J — K)crr = 0.0356(£0.0048)
+0.8962(£0.0083)(J — K)oan (2)

(H — K)crr = 0.0138(£0.0042)
+0.8593(£0.0264)(H — K)oan - (3)

The reddening for each star, although small, is
calculated using the galactic model published by
Ruelas-Mayorga (1991a), in which the absorption
material is supposed to be distributed in exponen-
tial forms, both radially and perpendicularly, to the
galactic plane. The local values for the absorption co-
efficients are ay = 0.33 (mag kpc™!), ag = 0.16 (mag
kpc~!) and ag = 0.08 (mag kpc™1).

We found an upper limit value for the photometric
errors equal to £ 0.02 mag. We shall attach this
uncertainty to all our measurements.

Among the observed stars there were 6 variables.

They are all RR-Lyrae stars and their results are
presented in Table 3 where the columns are given
exactly as for Table 2, except for column 12 in which
the date of observation is given. The number of ob-
servations is not large enough to be able to establish
their pulsation period; however, a mean variation of
some tenths of magnitude is seen for each star. RV
Cet seems extraordinarily weaker in K with respect
to its values in J and H. No obvious reason for this
fact has been found.

3. RESULTS

As mentioned in the introduction, this paper
forms part of a series in which we study the IR char-
acteristics of the stars that belong to different galac-
tic components.

In Figure la we present the two colour (JHK)
diagram for the halo stars in this paper (stars in Ta-
ble 2 only); we also show the intrinsic dwarf (solid
line) and giant (broken line) sequences from Bessell
& Brett (1988). We notice that most of the stars
concentrate in the intervals 0.2 < J — H < 0.8 and
0.0 < H - K < 0.2, although there appears to be
a number of stars with bluer (H — K) colour. All
the magnitudes and colours presented ir this paper
have been transformed to the California Institute of
Technology IR system —thus the CIT subscript—
so comparison with photometry published by other
authors is directly possible. The RR Lyrae stars ob-
served are not plotted in any of the figures of this pa-
per. In Figure 16 we present the same JH K diagram
on a different horizontal scale so that it is also possi-
ble to plot the reddening corrected values of Cohen,
Frogel, & Persson (1978) for the globular clusters M3
(open circles), M13 (open squares), and M92 (open
diamonds) and for the old open cluster M67 (crosses).
Points for the globular cluster 47 Tucanae (skeletal
triangles) are also plotted (Frogel, Persson, & Cohen
1981) as well as bulge IR photometry from Frogel
& Whitford (1987) (three pointed stars) and Ruelas-
Mayorga & Teague (1992a) (four pointed stars). This
figure (Fig. 1b) shows that the local halo stars and
those in globular clusters agree excellently well in po-
sition in the interval 0.4 < (J — H)crr < 0.6, above
(J — H)crr ~ 0.6 there are fewer local halo stars in
this diagram and only the stars from globular clus-
ters are present, being those belonging to 47 Tuc the
ones that climb to redder (J — H) colours. Below
(J — H)crr ~ 0.4 there are also fewer local halo stars
and mainly only the stars from M67 extend into this
realm. From this comparison it is fair to say that,
as expected, the IR two colour JHK diagram for
the local halo stars is similar to the same diagram
for globular clusters and old open clusters stars; al-
though, most probably (see below) the halo stars pre-
sented in this paper are mainly dwarfs, whereas those
in clusters are in their majority giants.

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System
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Fig. 1. a) JHK diagram for the halo stars studied in
this paper. The intrinsic dwarf (solid line) and giant
(broken line) sequences from Bessell & Brett (1988) are
shown. b) JHK diagram for the halo stars in this
paper and stars belonging to other stellar populations:
M3 (open circles), M13 (open squares), M92 (open dia-
monds), M67 (crosses), 47 Tucanae (skeletal triangles),
BW stars from Frogel & Whitford (1987) (three pointed
stars) and BW stars from Ruelas-Mayorga & Teague
(1992a) (four pointed stars).
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Fig. 2. JHK diagram for a more restricted area. Note
how the halo stars seem to extend further down and to
the left than most of the stars from the other stellar pop-
ulations. The symbols are as for Figure 1b. The dwarf
(solid line) and giant (broken line) sequences are shown.
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Fig. 3. a) Colour-magnitude (Mg, versus (J— K)ciT)
diagram for the halo stars studied in this paper. b) The
same colour-magnitude diagram in which the halo stars
are seen in comparison with stars from other stellar pop-
ulations. The symbols are as for Figure 1b. Note how the
halo stars extend to bluer colours and fainter magnitudes.
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Fig. 4. The same colour-magnitude diagram for a more
restricted section of the plot.
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TABLE 2

PHOTOMETRY OF HALO STARS IN THE CIT SYSTEM

Halo Star R.A. (2000) Dec. (2000) d(pc) Sp. Type J H K (J—-H)(H-K)(J—-K)
HD 20 0005151 —-271616 490 F2V 779 727 7.25 0.53 0.02 0.55
HD 97 000546.0 —-194006 500 G5V 8.14 7.65 7.49 0.50 0.16 0.65
HD 2372 0016 16.5 —223438 600 KO III 8.16 7.70 7.69 0.47 0.01 0.48
HD 2796 0031169 —164738 650 Fw 6.77 633 6.22 0.45 0.11 0.56
HD 3171 0034505 —215252 860 G8V 8.28 7.84 7.70 0.44 0.14 0.58
HD 4306 0045270 -093240 630 GO 731 681 6.76 0.49 0.06 0.55
HD 6268 010318.3 —=275247 700 GO 6.2 5.77 5.66 0.75 0.11 0.86
HD 6461 0105252 —-125414 190 G3V 6.09 5.64 5.60 0.46 0.04 0.49
HD 6755 0109385 4613246 150 F8V 6.07 5.68 5.60 0.39 0.08 0.47
HD 6833 0109521 4544419 310 GIIII 440 3.86 3.77 0.55 0.09 0.64
HD 8724 0126173 +170739 800 G5V 6.18 5.68 5.60 0.49 0.08 0.57
BD — 10388 0150319 —092104 250 F3 9.25 9.02 8.96 0.22 0.07 0.29
HD 11582 0153001 —-341756 390 Gb5/G6V:w 8.16 7.53 7.74 0.64 —0.21 0.42
HD 13359 02 1006.9 —204551 410 G1/G2V 8.33 7.57 7.63 0.75  —0.05 0.70
HD 13979C 0215206 —255452 910 GO 7.62 713 T7.11 0.48 0.03 0.51
BD + 44493 022649.1 4445748 190 B2 7.52 7.20 T.12 0.32 0.08 0.40
BD — 17484 0231252 -165900 210 sdG2 9.42 9.10 9.24 0.32 —-0.13 0.19
HD 16031 0234110 —-122300 120 FOV 8.75 8.51 8.46 0.24 0.06 0.30
CD — 361052 024737.0 —-360630 740 F2 9.34 8.86 8.67 0.48 0.20 0.68
HD 21581 032854.1 —(02500 620 GO 6.96 6.60 6.92 0.36 —0.32 0.03
CD — 241782 03 3841.0 —-240250 560 7 8.54 8.23 8.05 0.32 0.17 0.49
HD 26297 0409032 —155328 520 G5/G6IVw 5.24 4.70 4.63 0.54 0.07 0.61
HD 25532 04 04 10.7 +232432 420 F61IV-V 6.56 6.47 6.56 0.09 -0.10 0.00
HD 27928 0422549 371546 720 GO 793 739 7.34 0.53 0.0 0.58
HD 31128 0452092 -—-270350 070 F3/F5Vw 828 8.01 8.00 0.27 0.02 0.29
HD 33073 0506319 —-283336 600 F3V 8.16 7.68 T7.74 0.48 —0.06 0.42
HD 37828 0540545 —-111158 390 KO 461 4.04 3.97 0.57 0.06 0.64
HD 44007 06 18 48.1 —145042 370 GHIV:w 6.31 5.83 5.79 0.48 0.04 0.52
HD 45610 062706.3 —-320955 260 G3IV/Vw 555 5.02 4.94 0.53 0.09 0.62
HD 63791 075429.0 4620815 470 GO 6.13 5.59 5.51 0.53 0.09 0.62
BD — 20 2583 083214.0 —-204430 760 7 8.20 7.81 7381 0.39 0.01 0.40
HD 74000 0840494 -162018 110 sdF6 8.68 8.29 8.50 0.38 —0.21 0.18
HD 74462 08 4820.2 4672705 710 G5HIV 6.66 6.07 6.02 0.59 0.05 0.64
BD + 54 1323 094219.2 4532827 620 G2we 7.84 740 7.37 0.43 0.03 0.47
BD + 58 1218 0952 39.8 +575503 1000 F8 8.33 7.80 T7.8H 0.52  —0.05 0.48
CD — 248642 0959350 —245130 620 KO 8.18 7.71 7.63 0.47 0.07 0.55
HD 88609 1014 28.8 +53 3341 1000 GbHIIwe 6.68 6.21 6.14 0.48 0.06 0.54
BD + 04 2466 112650.0 4035155 780 Gb 9.07 8.74 8.59 0.33 0.16 0.49
BD — 012582 1153376 —020030 540 FO 8.21 7.74 1761 0.47 0.12 0.59

BD + 52 1601 115959.0 +514617 630 G5 IlIm 7.18 6.78 6.67 0.40 0.12 0.52
HD 105546 1209029 +590108 410 G2IIlIm 724 681 6.68 0.43 0.12 0.55

HD 108317 1226 37.0 +0518 11 220 GO 6.58 6.09 6.07 0.48 0.03 0.51
HD 119516 1343268 +153432 480 Gb 7.79 7.41 7.56 038 —0.15 0.23
HD 122563 14 02 324 +094114 350 F8IV 429 3.75 3.68 0.53 0.08 0.61
HD 122956 1405132 —-145123 390 G6IV/Vw 517 4.64 4.58 0.52 0.06 0.58
HD 126587 1427002 -221436 890 Gw... 721 6.73 6.67 0.49 0.06 0.54
HD 128279 14 36 48.2 —290629 240 GO 6.50 6.10 6.04 0.41 0.06 0.47
BD — 08 3901 1504512 —-084900 760 GO 7.56 7.05 6.99 0.51 0.06 0.57

© Universidad Nacional Autonoma de México ¢ Provided by the NASA Astrophysics Data System



.9R

1997RWKAA. . 33. ..

INFRARED STELLAR POPULATION IN THE GALAXY

TABLE 2 (CONTINUED)

Halo Star R.A. (2000) Dec. (2000) d(pc) Sp. Type  J H K (J—H) (H—K)(J - K)
BD + 01 3070 152240.0 4011550 480 GO 8.50 8.07 8.02 0.42 0.05 0.48
HD 140283 15643072 —-105545 050 sdF3 6.00 b5.66 5.63 0.33 0.04 0.37
BD + 112998 1630 16.6 +105952 510 F8 759 7.23 7.18 0.37 0.05 0.42
BD 4+ 17324 1728 14.8 4173032 740 A0 7.78 7.40 7.34 0.38 0.05 0.44
HD 165195 18 04 40.1 +03 46 49 430 K3p 474 412 4.04 0.62 0.09 0.71
HD 166161 1809409 —-084637 620 G5 5.83 5.44 5.36 0.39 0.08 0.47
HD 176203 1900 04.0 —-230341 370 FbHV 7.12 6.75 6.71 0.37 0.04 0.41
HD 178443 191036.7 —431631 840 F8 832 794 791 0.38 0.03 0.41
0D 181743 1923 43.2 —450337 090 F3/Fbw 8.59 8.35 8.33 0.24 0.01 0.25
HD 187111 1948 39.4 —-1207 17 670 G8wvar 5.27 4.64 4.58 0.62 0.07 0.69
HD 188031 1954583 —423759 130 F5V 9.39 9.19 9.13 0.20 0.05 0.26
HD 199854 210013.6 —-150652 460 FT:w 7.86 7.60 7.56 0.27 0.04 0.31
HD 204543 2129281 —-033053 490 GO 6.38 5.88 5.81 0.50 0.07 0.57
HD 206739 2144237 -—-114621 510 GHV 6.65 6.12 6.06 0.52 0.06 0.58
HD 210295 2209415 —-133615 640 G8/KOw 776 7.25 7.18 0.52 0.06 0.58
HD 213487 223203.2 —-213556 740 G8IV 8.22 7.75 7.72 0.47 0.02 0.49
HD 214362 2237579 —223838 500 Gw.. 7.88 7.58 7.56 0.30 0.03 0.33
HD 215601 2246 477 —-315213 480 G6/G8w... 556 4.83 4.73 0.73 0.11 0.84
HD 216143 2250312 —-065445 680 GbH 5.81 5.23 5.16 0.58 0.06 0.64
HD 218857 2311247 —-161459 480 Gbw 7.36 6.92 6.87 0.44 0.06 0.50
HD 221170 2329288 +302600 770 G2IV 5.43 493 4.83 0.50 0.11 0.60
TABLE 3
PHOTOMETRY OF VARIABLE STARS IN THE HALO IN THE CIT SYSTEM
Sp.

Halo Star R.A. (2000) Dec. d(pc) Type J H K (J-H)(H-K)(J—-K) Date
XX And 0117 27.2 4385705 970 A2 956 9.47 8.23 0.09 1.24 1.33 13/14 Nov 9
XX And 10.01 9.94 8.67 0.07 1.27 1.34 same datc
RR Cet 01 32 08 +01 20 32 610 A0 827 7.74 7.68 0.53 0.06 0.59 13/14 Nov 9
RR Cet 8.83 8.55 851 0.28 0.03 0.31  same datc
RR Cet 9.28 9.01 8.96 0.27 0.04 0.31 same date
RV Cet 0215156 —1048 05 1000 F  10.23 9.78 14.03 0.45 —4.25 —3.80 13/14 Nov 9
RV Cet 10.67 10.23 14.47 0.44 —4.24 -3.80 same date
X Ari 03 08 30.6 +10 26 50 460 A0 846 8.15 8.06 0.31 0.08 0.39 13/14 Nov 9
X Ari 8.91 8.62 8.50 0.29 0.11 0.40 same dat
SV Eri 03 1151.7 -112121 680 A0 892 8.60 852 0.32 0.07 0.39 12/13 Nov 9
SV Eri 9.01 8.75 8.71 0.26 0.04 0.30 13/14 Nov 9
SV En 9.46 9.19 9.16 0.27 0.03 0.30 same dat:
RX Eri 0449442 —154428 600 F2 10.03 949 9.46 0.54 0.03 0.57 4/5 Dic 90
RX Eri 9.59 9.23 9.29 0.36 —0.06 0.30 11/12 Nov 9
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The comparison between our local halo stars and
the stars in Baade’s Window (BW) is striking be-
cause of the strong difference present. There is a
slight coincidence in 0.0 < (H — K)cir < 0.2, but
mainly the BW stars which are presumably bulge
members in their majority, are much redder both
in (J — H) and (H — K). However, this only re-
veals the fact that observations of stars in the galac-
tic bulge have only been possible for extreme gi-
ants of spectral types K and M mainly. Figure 2
presents the JH K diagram restricted to the intervals
0.0< (J—H)crr <0.8and 0.0 < (H - K)crr <0.2.
In this diagram the coincidences and differences re-
ported above are appreciated as well. Of the 69 lo-
cal halo stars, 3 are subdwarfs, 23 belong to lumi-
nosity class IV or V, 5 belong to class III, and 38
have no luminosity class determination. From the
two-colour diagram, we see that the halo stars with
(J — H)crr < 0.35 appear more or less near the
dwarf intrinsic sequence; however, only 3 of these
stars (HD 16031, HD 25532, and HD 188031) are
confirmed as dwarfs from their spectral classifica-
tion; above (J — H)cit ~ 0.35 the stars present
a wide spread around the dwarf and giant intrinsic
sequences. Their spectra indicate that among this
group we have subdwarfs, dwarfs, and giants. Most
probably, the majority of the helo stars studied in
this paper are dwarfs, whereas the cluster and BW
stars are giants. This is probably the main reason
for the differences between the group of halo stars
studied in this paper and the other stellar groups.

It is interesting to notice that there is a branch of
the local halo stars which extends from (H — K )cyp ~
0.12, (J — H)crr ~ 0.5 towards redder (H — K)
colours and bluer (J — H) colours. This branch is
matched neither by the cluster stars nor by the bulge
stars.

Figure 3a presents the colour-magnitude (Mg,
versus (J — K)crr) diagram for the local halo stars
studied 1n this paper. They concentrate in the inter-
vals 0.0 < (J = K)cit < 1.0 and —5.0 < Mg ,p <
4.0. Each halo star is corrected for the distance mod-
ulus corresponding to the distance at which it is lo-
cated. ’

In Figure 3b we present the same colour mag-
nitude diagram, this time with a longer horizontal
scale, so that it is also possible to plot points for
stars in other stellar systems. We superpose the se-
quences for M3, M13, M92, M67, 47 Tuc and the
bulge (symbols are the same as for Figure 15). The
Kerr magnitudes for the clusters are corrected for
distance modulus whose values are, for M3, M13,
M92 and M67: 14.83, 14.33, 14.57, and 9.38 respec-
tively (Cohen et al. 1978), for 47 Tuc it is 13.14 (Fro-
gel et al. 1981), for the Frogel & Whitford (1987)
data for BW the distance modulus is 14.2, and fi-
nally for the BW data of Ruelas-Mayorga & Teague
(1992a) it is 14.71.

In this diagram the local halo stars coincide with
cluster stars in the intervals 0.4 < (J — K)crr < 0.8
and —4.0 < (H — K)crr < 0.0; some stars extend to
bluer (J — K)cyr colours and fainter absolute magni-
tudes. What we see in this diagram is a long sequence
starting at (J — K)cit ~ 0.3, Mg p ~ 4.0 and end-
ing at (J — K)cit ~ 1.5, Mgg,r ~ —8.0 which rep-
resents a sequence from dwarf to giant stars.

Figure 4 presents the colour magnitude diagram
for a more restricted section, so that the coincidences
or differences pointed out above may be more clearly
appreciated.

4. SUMMARY AND CONCLUSIONS

i) We observe 69 local halo stars in the IR J, H,
and K filters in order to establish their similarities
and differences with other stellar populations in the
Galaxy.

i1) From the two colour JH K diagram we see that
the halo stars match rather well, as expected, with
the cluster stars, but differ strongly from the bulge
stars.

i11) The colour magnitude diagram (Mg, versus
(J — K)cir) shows the halo stars to coincide with
the lower part of the cluster data, however, they (the
halo stars) extend down to bluer colours and fainter
magnitudes.

iv) The halo stars are most probably dwarfs in
their majority. This is the main reason for the ob-
served differences between them and the stars in clus-
ters and in BW.
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