J. Astron. Space Sci., Vol. 2, No. 2, pp. 131-151, 1985.

A Catalogue of Fundamental Data for
Classical Cepheids in Our Galaxy

Chulhee KIM
Department of Earth Science Education Chonbuk National University

(Received December 10, 1985)

Abstract

Fundamental data for 400 classical cepheids have been compiled. The PC-relation is derived and
compared with similar relations for the Magellanic Clouds; it is found that the differences are not

great.

I. Introduction

Recently Kim (in preparation, hereafter Paper I) have compiled color excesses of 446 cepheids.
Of the 446 cepheids investigated (Paper I), 68 were suspected of being Type II cepheids and in
some cases different classifications (classical cepheid or Type II cepheid) for the same star can be
found. Evidently observers are not always consistent in their classification criteria. For example,
Harris (1981) assigned Type II classifications to cepheids based only on distance from the Galactic
plane. It was found that color excesses of his Type II cepheids such as V554 Oph, V717 Sco, and
V541 Oph are much smaller than color excesses found by other investigators which had yeilded
greater distances from the Galactic plane and hence led to his Type II classifications. In this in-
vestigation, we exclude 45 stars (probably Type II cepheids) with distances from the Galactic
plane greater than 500 pc, and also cepheids with distances from the Sun greater than 10 kpc.
The discription of the catalogue (Table 1) used in our discussion of the distribution of cephéids
in the Galaxy is given below.
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II. Catalogue Description

Column 1: Name of Cepeid.

The Second Edition of the General Catalogue of Variable Stars with Supplements (hereafter
GCVS) contains about 700 cepheids in our galaxy, about 100 of which were in the spherical
component. There are only about 380 classical cepheids identified in this catalogue, but un-
doubtedly most of the remaining cepheids also belong to the plane component. In Table 1, 401
cepheids have been selected for distance determinations. Those cepheids with uncertain classifica-
tions have been marked with “+”" on the left shoulder of the name.

Columns 2 and 3 : Period and log period of cepheid.

The period values in days are taken from GCVS unless more recent values are available.
Columns 4 and 5 : Galactic longitude and latitude from GCVS.
Columns 6, 7, and 8 : Amplitude of B, V, and (B-V) in magnitudes from the light curve
data by Schalterbrand and Tammann (1971, hereafter ST).
Columns 9, 10 : Apparent magnitude of B and V which had been converted from the
average intensity from ST.

Column 11 : Intrinsic color index of B and V defined by <B> - <V>_ = (<B>-<V>)-
E (B-V).

Column 12 : Color excess E(B-V) from Table 1 in Paper 1.

Column 13 : Absolute magnitude calculated from the period-luminosity relation (see the
next section).

Column 14 : Distance (kpc) from the Sun.

The distance from the Sun has been calculated from the absolute magnitude, apparent
magnitude, and color excess. It has been assumed that the ratio of total to selective interstellar
absorption is 3.0.

Column 15 : Distance (pc) from the Galactic plane.
Column 16 : Distance (kpc) from the Galactic center.

It has been assumed that the distance from the Galactic center to the Sun is 8.6 kpc as deter-
mined by Stothers (1983).

Column 17 : Sources of data other than ST.

II1. Discussion

For several decades classical cepheids have served as an effective tool for determining the
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distances to nearby external galaxies. The period-luminosity(PL), period-luminosity-color (PLC),
and period-luminosity-amplitude(PLA) relations have been used to determine distances. But we
need to demonstrate that these relations are not fundamentally affected by differences in the
physical properties of external galaxies before they can be universally applied. Because the
cepheids in the Magellanic Clouds are at the same distance, suffer similar absorption, and are suf-
ficiently numerous, the data on cepheids in these galaxies are particularly useful for testing the
universality of these relations. In our galaxy the study is made difficult by the large relative
variation of the distances of the cepheids and the differences in the interstellar absorption.

The PL-relation has for many years played a dominant role as a cosmic distance indicator.
Prior to the discovery of PLC-relation, much interest centered on the exact coefficients of the
PL-relation. While the value of the zero point in this relation is important for the determination-
of the distance modulus, the major interest has centered on the value of the slope of the relation-
ship. It would be helpful if the slope proved to be constant for cepheids in different galaxies.

On the other hand PLC and PLA relations have been used to estimate absolute magnitudes by
Sandage (1958) and Sandage and Tammann (1969, 1971). However Arp(1960) and Gascoigne
(1969, 1974) have suggested that extragalactic cepheids, particularly those in the Magellanic
Clouds, may not obey universal PL or PLC relationships. More recently Iben and Tuggle (1975)
demonstrated that consistency between the observations and stellar pulsation and evolution theory
implies that the dependence of a PLC-relationship on chemical composition is very strong as had
already been pointed out by Gascoigne (1974). Iben and Tuggle also showed that the theoretical
PL-relationship is not very sensitive to composition; the use of a single, PL-relation is therefore
justified. Furthermore, recently Stift (1982) severely criticized the PLC-relation as an unsuitable
distance indicator. He argued that residual reddenings and photometric errors are of the same
order as the instability strip width; therefore the color coefficient cannot be determined with
present-day photometry. Wayman, Stift, and Butler (1983) also have demonstrated that cepheid-
based distance moduli are best obtained with the help of the PL-relation. Furthermore, in many
cases, <B>> values are not given which makes it difficult to use a PLC-relation and, in this sense, a
simple PL-relation has utilized the PL-relation for classical cepheids which was recently determined
by Stothers whose effort was directed toward a redetermination of the absolute magnitudes of
classical cepheids, short-period Type II cepheids, and RR Lyrae stars by using five independent
methods. A unique advantage of his approach is that none of the methods depends for its validity
on the Hyades cluster distance modulus. He found that the empirical PL-relation for classical

cepheids is probably universal and is given by,

My>=-121 =3.01108P. ..ottt (1)
+0.11 $0.10
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The <My> values calculated from this equation are listed in column 13 of Table 1.

Next, we are interested in the PC-relation. The log P—(<B>0—<V>0) diagram is shown in
Fig. 1. There are two notable features, the smaller scatter for the short-period cepheids compared
to the long-period cepheids, and the apparent discontinuity in the mean line at about log P = 0.9.
The theory (Deupree, 1980) predicts a decrease in the color width with lower luminosity. Similar
features of the PC-diagrams of both the LMC and SMC were found by Butler (1971, 1976, and
1978) tﬁfough extensive work with photographic photometry but with different positions of
discontinuity, about log P = 0.6 for the SMC and log P = 0.7 for the LMC. The existence of this
discontinuity is more evident in the Milky Way diagram than in the SMC and ILMC diagrams. A
similar discontinuity is also found in the PC-diagram of RR Lyrae variables. It has been shown by
Christy (1966) that these two sections of the PC-diagram for RR Lyrae variables are occupied by
fundamental and by first harmonic pulsators. We can test the supposition that the apparent dis-
continuity in the PC-diagram results from a change of pulsation mode by plotting the residuals,
Rv, from the mean PL-relation on the PC-diagram for cepheids with 0.8(log P(1.0 day, since first

harmonic pulsators should be half a magnitude brighter than fundamental pulsators of the same
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Fig. 1. The period-color relation for cepheids. Stars marked with a ‘.’ or *+’ in Table 1 are not included.
The line is a least-squares fit to the all points.
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period. If the supposition is correct we should expect the values of Rv above and to the left of
the apparent discontinuity to be predominantly positive and the values of Rv below and to the
right to be predominantly negative. As can be seen from Fig. 2, the suggestion that apparent dis-
continuity is related to the change in mode of pulsation seems to be incorrect for cepheids. The
same results was found for SMC cepheids by Butler (1976).
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Fig. 2. The position of the cepheids with 0.8 <log P < 1.0 day in the period<olor diagram. 2 and “+’ are
for Rv>>0.0 and Rv<0.0.

As was pointed out by Butler (1976), it seems likely that the small scatter of the short period
cepheids in the-PC-diagram and the apparent discontinuity may have the same underlying cause.
Stobie has pointed out, such effects may arise from a different degree of penetration of the stellar
evolutionary tracks into the instability strip for long- and short-period variables and if this is the
case then both effects are due to a lack of short-period cepheids at the blue side of the instability
strip, as a result of the non-penetration of the e\(olutionary tracks into this region (Butler, 1978).
It was shown by Hofmeister (1967) that the behavior of the tracks is very dependent on the
chemical composition of the atmosphere and particularly on the metal abundance. Since the dis-

continuity position changes from 0.6 to 0.7 and 0.9 for the SMC, LMC, and Milky Way, we can
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attribute the effect to increasing metallicity. Discontinuities at a period of nine days can be seen
in several other known relations (Kurkakin, 1975). Close to a period of 9 days, the hump in
cepheid light curves is so great that the curves sometimes have two nearly identical peaks. A
minimum number of cepheids lie on P =9 days in period-frequency diagram and a change in slope
of PL-relations in the Magellanic Clouds cepheids have been found at this period. The period-
spectrum relations goes through a discontinuity at a period of nine days. In this sense, a dis-
continuity at a P = 9 days in PC-diagram does not seem unusual and this again supports the
conclusion that there exists two types of oscillation, one prevailing up to a period of nine days
and the other prevailing at longer periods.

Both the slope and the zero point of the PC-relation are affected by the degree of penetration
of the cepheid evolutionary tracks into the instability strip. One can assume that the long-period
cepheids cover the whole width of the instability strip, if the apparent discontinuity at log P=0.9
is due to reduced penetration by the shorter period cepheids. Then the computed slope of any
mean PC-relation will depend on the ratio of the number of cepheids with log P)0.9 to the number
with log P(0.9. In general, the larger the number of short period cepheids the lower will be the
slope in the computed PC relation. This makes it very difficult to determine observationally the
true slope of the instability strip in the PC-diagram. We determined the PC relation by a least-

squares fit to four different data sets, avoiding entries with marks of “:” or “+” in Table 1:

B>~ <V>,=036710gP+0.341 . ...ttt 2)
+0.011  +0.010

B>, —<V>,=0.39210gP+0.306 . ...\ttt (3-2)
+0.020 +0.018
<B>, —<V>, =0.3641ogP+0.341 forlogP)> 0.9 ................... (3-b)

+0.031 $0.036

<B>,-<V>,=0.4141logP+0310forlogP€(09.................. . (30
£0.026 +0.018

Eq. (2) was derived with the aid of 294 cepheids, Eq. (3-a) was derived by considering only
cepheids having color excesses in the three most reliable color excess data sets, 139 cepheids with
the highest weights in Paper I. Eq. (3-b) and Eq. (3-¢) were derived by considering 104 cepheids
with log P)0.9 day and 190 cepheids with log P(0.9 day. Note that the slope values in Eq. (2) and
Eq. (3-b) are nearly same and that the slope for short-period cepheids is steeper than that for long-
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period cepheids. To compare the PC relation in the Milky Way to those in the SMC and LMC,
Butler’s SMC and LMC relation were adopted because the relations were determined by the same

investigator with the same method using a relatively large amount of data:
<B>, —<V>,=0.270 log P + 0.205 for SMC
<B>,—<V>,=0310logP+ 0346 for LMC ....................... %)

Fig. 3 was plotted to compare the PC-relation for the Milky Way from Eq. (2) to those for thé
SMC and LMC. The difference in the slopes of the SMC and LMC is barely significant considering
the standard errors of the coefficients. However, the differences of slope between the Milky Way
and SMC or LMC are quite evident, even more evident if we compare the SMC and LMC slopes
to that of Eq. (3-a). There is no significant difference in the zero points of the equations of the
cepheids in the Milky Way and LMC, but the minimum difference in slope of 0.082, between the
Milky Way and LMC may show that the LMC is slightly metal-poor relative to the Galaxy. Other
investigators (Walborn, 1977: Humphrey, 1979: Maeder, Lequeux, and Azzopardi, 1980: Laney,
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Fig. 3. The period-color relation for Milky Way (solid line), MSC (dotted line), and LMC (dashed line).
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1982) have reached similar conclusions.

If most of the dispersion in color at a given period in Fig. 1 is intrinsic, Galactic cepheids
populate an instability strip about 0.2 mag in width in (<B>, — <V>) in agreement with Stift
(1982), Butler (1978), Pel and Lub (1978) for LMC cepheids. Iben and Tuggle (1972) showed
through theoretical work that the upper limit to the instability strip width in the PC-diagram could
be fixed at about 0.20 mag for the LMC. Nearly the same value is also evident in the PC-diagram
of the SMC cepheids (Butler, 1976 and Cogan, 1980). To investigate whether this 0.2 mag width in
Fig. 1 is really intrinsic, we determined the width by considering the color excess data of cepheids
with hightest weight. We found little decrease in the scatter, therefore, the 0.2 mag width is
probably intrinsic. Finally, the PC-relationships, determined by others are given in Table 2.

Table 2. Comparison of PC-relationship for cepheids, <B>o - <V>o =AlogP+B.

A B Source
0.56 0.16 Efremov (1966)
0.49 0.20 Fernie (1967)
0.26 0.37 Sandage & Tammann (1968)
0.39 0.30 Trarevskil & Yakimova (1970)
0.18 0.27 van den Bergh (1976)
0.32 0.29 Sandage and Tammann(1971)
0.46 0.27 Dean, et al (1978)
0.37 0.34 This paper
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