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Summary. HV 1369 (P = 31d) in the SW part of the SMC
appeared to be far too underluminous for its period in
a photometric (VBLUW system) study (van Genderen, 1977).
New VBLUW photometry seems to support its long period.
A comparison with the brightnesses of ten other Cepheids
distributed all over the SMC with similar periods, show
that HV 1369 is possibly 32 + 7 kpc more distant than
these ones. This fact is in accordance with the con-
cept of a large depth at the SW part of the bar up to
23 kpc based on distance differences of optical objects
(Florsch et al. 1981). It is also in accordance with
the possibility that an H I arm exists in that area,
extending backwards in the line of sight (Hindman,
1967) .
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1. Introduction
Recently a great depth of the Small Magellanic Cloud
(SMC) is suggested by Azzopardi and Breysacher (1979),
even up to 15 kpe by Ardeberg and Maurice (1979) and
at the extreme southern part of the bar up to 23 kpc
by Florsch et al. (1981).

During a photometric study (VBLUW system) of SMC
Cepheids in the SW part of the bar, one Cepheid HV
1369 (P = Bld, see for coordinates Sect. 2) showed to
be at least 0.5 mag fainter than one would expect from
its period (van Genderen, 1977, hereafter called Paper
I). On account of its colour indices, interstellar ex-
tinction could not explain this underluminosity. The
possibility of an incorrect period had to be taken into
account, otherwise HV 1369 should lie more than 15 kpc
further than the other Cepheids of the investigated
sample.

The new observations necessary to check the period
are discussed in this note as well as the implicatiomns
for the depth of the SMC.

2. The Observations, the Light Curve and the Period

HV 1369 has the equatorial coordinates: a.(1975) =
00Y41T8 §(1975) = -73°14', the Harvard coordinates:
x = 9758 y = 8337 and the Wesselink coordinates & =
-2959 and n = -2074. A finding chart with Wesselink
coordinates is given by van Genderen (1969: Fig. 2 p.
265) .

The new VBLUW observations (Walraven system) have
been made in 1975 and 1977 with the same telescope and
equipment as those from 1971/1972 (Paper I). Particu-
lars of the photometric system and the transformation

formulae to obtain the V and B-V mag of the UBV system
(with subscript J) are given in Paper I and in the
quoted references. The same comparison star has been
used again. The individual observations will be pub-
lished elsewhere.

0 4 .8 2 ¢
T T ) I I 1
* 1871/1972
v 0 1975 A
29k + 1977 144
-39
4148
Oo «8
-3‘3 i n n " "
V-8 (8,
023 | 406
)
033 f ‘ _ ‘ . 408
BL
0418 | . —— a
0.28 -
8U
°
036 | s .
L] ]
041 c . .
1 1 1 1 1 1 1
.0 4 .8 2 9

Fig. 1. First panel: the light curve of HV 1369 in V
(of the VBLUW system) in log int. scale at the left
and in Vj (of the UBV system) in mag at the right.
Second to fourth panel: the smoothed colour curves. At
the right of the V-B panel the equivalent scale in mag
for (B-V); of the UBV system.

Figure 1 depicts the light- and smoothed colour
curves. The upper panel shows the light curve in V (in
log int. scale) at the left. The Vj scale of the UBV
system (in mag) is indicated at the right. The obser-
vations made in different seasons are represented by
different symbols. The ephemeris used in Paper I were
taken from Payne-—Gaposchkin and Gaposchkin (1966):

J.D. max = 2424332.829 + 31924 E
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The 1975 and 1977 observations indicated at once, that
a slight revision of the period was necessary:

J.D. max = 2441191.3 + 309925 E

(the zeropoint is arbitrary and taken at & = 0). The
new period has an estimated uncertainty of * 049030. The
scatter in the light curve can be largely attributed to
the faintness of the star, although it seems that some
systematic differences between several seasons is
present. However this effect is smaller (as well as the
scatter) in the B band, which has the largest response.

Phases were also derived with periods between 13
and 209, the period range in which the observed bright-
ness would be normal. However without success.

3. The Colour Curves and the Blue Companion

Since the colour curves show more scatter than those in
V and B, especially the B-U curve, we show in the other
panels of Fig. 1 the smooth V-B, B-L and B-U curves

(in log int. scale). The dots represent the differences
between the readings of the smooth V (5467 A), B (4325
A), L (3838 A) and U (3633 A) curves at regular phase
intervals of 0.1. Since the intensities in the W (3255
A) band seldom surpassed the sky brightness, a U-W
curve cannot be given. At the right of the V-B panel
the equivalent value of the UBV system: (B-V)j, is
shown in mag scale.

From the discussion in Paper I it was made clear,
that this Cepheid has a blue companion, probably an
early B type star: its colour indices were much too
blue and the amplitudes of the light curves in B, L and
U too low. The effect of the blue companion is also at
once evident from the colour curves in Fig. 1 when com-
pared with normal Cepheids (Pel, 1976).

4, Discussion

Before we proceed the discussion on HV 1369 as a Cepheid
of population I, we should consider the possibility
that the variable is a galactic foreground RR Lyrae star
or a population II Cepheid of the SMC.

If the star is an RR Lyrae star (Mv N 0.5) its dis-
tance should then be Vv 6 kpc, the z distance v 4 kpc
and its distance to the galactic centre v 9 kpc. The
chance to find there an RR Lyrae variable must be con-
sidered as small. The colour indices V-B and B-L are
unlike that of RR Lyrae stars, which can be checked
with the V-B/B-L diagram of Lub (1979, Fig. 2). Only an
unlikely high reddening of Ey_g > 0.14 or E(g-y),; > 0.3
mag could move HV 1369 into the domain of the RR Lyrae
stars, while the generally accepted value for the
galactic reddening into the direction of the SMC is not
much more than v 0.05 mag. Further the B-U index of HV
1369 is too blue for RR Lyrae stars by about v 0.1 and
no reddening can eliminate that.

It leaves us to consider the possibility that HV
1369 could be a population II Cepheid (or W Virginis
star) in the SMC. Little is known about this type of
variables in the SMC. Payne-Gaposchkin and Gaposchkin
(1966) only found three of them with periods of 15, 17
and 10749, They clearly lie ® 1.5 to 2 mag below the
mean P-L relation of the population I Cepheids (Payne-
Gaposchkin and Gaposchkin), similar to the globular
cluster Cepheids (e.a. Kwee, 1968). The last ones are
assumed to be identical to the galactic population II
Cepheids, of which the distances and absolute bright-
ness could not be derived so far. The adopted agreement
between the two groups of population II variables are
mainly based on photometric (light curve characteristics)
and spectroscopic considerations. Anyway, HV 1369 lies

less than 1 mag below the mean P-L relation and thus
seems to be too bright for a population II Cepheid. The
light curve of HV 1369 is slightly atypical for a popu-
lation I Cepheid in the period range around 30¢, but no
good comparison is possible with population II Cepheids
of similar periods, because of their scarceness. Neither
does its light curve fit within Kwee's (1967) classi-
fication criteria for light curves of known population
II Cepheids. A comparison of the colours is also diffi-
cult, since no VBLUW photometry of population II Cepheids
is available, apart from W Vir (Oosterhoff and Walraven,
1966). In the UBV system population II Cepheids can be
distinguished from population I Cepheids by the feature
that the U-B colour has.almost reached the bluest value
before maximum brightness (Kwee, 1967). For HV 1369 this
is more or less also the case for B-L, but the B-U curve
(the Walraven L and U bands are situated in the Johnson
U band) is almost flat. Actually these curves are very
typical for population I Cepheids with blue companions
(Pel, 1976). Blue companions among population I Cepheids
and other F type supergiants are no exception at all:
they occur in at least 257 of the investigated cases
(e.a. Paper I, Pel, 1978; van Genderen, 1980; Parsons,
1981). The conclusion is that HV 1369 is likely no
population II Cepheid either.

The 1971/1972 observations combined with the new
ones, resulted in more reliable photometric parameters
for HV 1369. Its position in the V-B/B-L diagram (Paper
I) did not change much, while in the V-B/B-U diagtam it
moved upwards by v 0.07. The intensity means of the
light- and colour curves in the UBV system are as fol-
lows: Vy = 14.40 and (B-V)j = 0.63.

Since we are interested in the distance modulus of
HV 1369 relative to the other Cepheids (of population
I) in the SMC, the foreground reddening can be ignored.
Further we should actually correct for interstellar ex-
tinction in the SMC, which cannot be ignored. A glance
at the distribution of Cepheids in the HR diagram, si-
tuated in different areas, clearly shows that those in
the denser areas of the SW part of the bar are on the
average redder than those in the outskirts and the NE
part of the bar (van Genderen, 1969 Fig. 17). Since it
is difficult to find reliable individual extinction
corrections, we can sail round this problem by making
use of the HR diagram as shown in Fig. 2. Here the ob-
served brightnesses of HV 1369 and ten other SMC Cepheids
with similar periods can be compared. The influence of
the reddening with R = 3 is shown by the arrow at the
left top corner. Distance differences will increase the
scatter in vertical direction.

The large dot in Fig. 2 represents HV 1369, while
the other symbols represent the Cepheids (periods in
days added) taken from the following sources: Paper I
(small dots): MK_ and HV 10357 (both corrected for a
blue companion),gHV 1451 (note that the (B-V)j in Table
3 should be read as 1.07) and HV 1501; Butler (1976)
(plus signs): HV 847, HV 1967, HV 840, HV 2064 and HV
11182; Madore (1975) (square): HV 819.

Similar to the procedure of Paper I we corrected
the photometric parameters of HV 1369 for the blue com-
panion, so that its position in the two-colour diagrams
as well as its light amplitudes became more or less
normal. We took into consideration that the SMC Cepheids
show an ultra violet excess with respect to the galactic
Cepheids as a result of the metal underabundancy by a
factor five (Paper I, Pel et al. 1981).

The B type star lies possibly in the range -2.8 >
M, > -4, adopting a foreground extinction of Ay. = 0.15
mag and an internal extinction in the SMC of Ay_ = 0.6
mag (Paper I). For HV 1369 the possible range ol the

change of the intensity means is as follows: a drop in
Vy by 0.15 to 0.40 mag and a reddening of (B-V)j by
0.12 to 0.25 mag respectively. The so obtained correc-—
ted position of HV 1369 is indicated in Fig. 2 by the
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Fig. 2. The HR diagram with the observed position of a
number of SMC Cepheids with periods around 304 (periods
in days are indicated). See for the explanation of the
symbols Sect. 4. Large dot: HV 1369 uncorrected for the
presence of the blue companion; oblique line: possible
range of the position of HV 1369 after correction for
the blue companion. The arrow in the left top corner is
the reddening path.

oblique line.

It is obvious that HV 1369 is far too low in bright-
ness by v 0.9 % 0.15 mag (vertical dashed arrow). The
small vertical scatter of the ten other Cepheids dis-
tributed all over the Cloud is remarkable. It indicates
that very large distance differences are rare and appa-
rently only confined to the SW part of the bar. Accord-
ing to Florsch et al. (1981) some other Cepheids studied
by Isserstedt (1976) and four Wolf-Rayet stars studied
by Breysacher and Azzopardi (1978), also show here large
distance differences. If we adopt a distance modulus of
19.0 (63 kpc) for the main body of the SMC, HV 1369 lies
thus 32 + 7 kpc more distant. This is the largest re-
corded depth in the SMC so far. It is however urgently
required that such a large distance is confirmed by
radial velocity observations. Apparently the SW part of
the bar has a trail of matter extending backwards in the
line of sight up to half of the present distance between

Galaxy and SMC. These optical evidences for an arm in
this region supports Hindman's (1967) suggestion based
on H I data, that if the SMC had a bar, it could lie in
the line of sight nmear a = 00Y48™ and & = -73°18' (thus
close to the position of HV 1369).

It would be of importance to investigate whether
such a long arm could be the result of gravitational
disturbances during narrow passages in the past between
the Galaxy and the SMC (e.a. Hunter and Toomre, 1969;
Fujimoto and Sofue, 1977) or between LMC and SMC (e.a.
Mathewson, 1976).
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