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ABSTRACT
Improved light curves extracted from the MACHO data base are used to discuss the periods and
amplitudes of the calibrating stars of the Mira P–L relations. Previously unpublished spectral
types and positions are given for several of those that lie in the S Dor variable star field. It
is found that the periods derived from the discovery observations were generally sufficiently
accurate that the K- and mbol–logP relations are not significantly changed by the MACHO
results. Furthermore, the periods have remained essentially constant over two to three decades.
The MACHO r-band amplitudes of the oxygen-rich Large Magellanic Cloud (LMC) Miras
are similar to those in galactic (Baade’s window) fields at a given period but there appear to
be more shorter-period stars as a proportion of the whole than in the galaxy. In O-rich stars,
the distinction in amplitude between the Miras and the semiregulars is not as conspicuous at
shorter periods (<200 d) as at longer ones. The LMC carbon Miras have smaller amplitudes
than their O-rich counterparts. Of the six stars with P > 420 d that were found to be too
luminous to fit the P–L relation, two are now known to be Li-rich. This tends to confirm the
suggestion that they are hot-bottom burners.

Key words: stars: AGB and post-AGB – stars: variables: other.

1 I N T RO D U C T I O N

The first evidence that a Mira P–L relation holds in the near-infrared
(near-IR) depended on a small number of stars found in the bar of
the Large Magellanic Cloud (LMC) (Glass & Lloyd Evans 1981).
Following the discovery of additional Mira variables in the LMC
by Glass & Reid (1985, hereafter GR), Wood, Bessell & Paltoglou
(1985, hereafter WBP) and Reid, Glass & Catchpole (1988) a sec-
ond programme was started to define the relation more exactly by
observing a larger sample with better phase coverage. The prelim-
inary result of this work was discussed by Glass et al. (1987). The
final report, which added a possible colour term to the relation, is
given in Feast et al. (1989, hereafter FGWC). The complete data
were published by Glass et al. (1990).

The least scatter in the relationship is observed in the K band
for oxygen-rich Miras. However, both oxygen-rich and carbon-rich
Miras appear to obey the same relation (Glass et al. 1987; FGWC).
The source of the scatter, which amounts to only ±0.13 mag for the
O-rich stars, has not yet been definitively established, although it
can be caused by a small range in mass (see, e.g., fig. 6 of Hughes
& Wood 1990). Differing values of T eff, such as might be caused by
a range of metal abundances (e.g. fig. 8 of Wood 1990), could also
cause an effect of this kind.

In this paper, additional information on the periods and light
curves from the MACHO project is considered. The Miras discussed
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by Glass & Lloyd Evans (1981) were found by blinking a series of
44 V-band Newtonian plates taken at the dark of moon over a period
of 5 years at the 1.9-m telescope of the Radcliffe Observatory in Pre-
toria in the years 1966–1971 (Lloyd Evans 1972, 1992). The periods
were derived from the epochs of the peaks in their light curves. A run
of plates taken at 25 successive new moons in the latter part of this
interval gave confidence that these initial periods were broadly cor-
rect; this facilitated the later determination of more precise periods
from the near-infrared observations. The plates also included some
taken in the colours B and I. The V , I pairs enabled the red stars to be
identified by their large colour indices, so that blue variables such
as Cepheids could be eliminated from further consideration. Carbon
stars could be identified by their weakness in the B band, provided
that the V image was sufficiently far above the plate limit. Many vari-
able stars were found by examining the red stars on the V plates, as
well as by general blinking of these plates. Stars which first came to
notice by their red colour have a suffix R and those that turned up in
the blink microscope survey are denoted by C. The Mira and other
long-period variables of GR (1985) and WBP (1985) were found
on a series of 23 I plates taken in 1977–1983 at the UK Schmidt
telescope.

The MACHO (see, e.g., Alcock et al. 2000) project provides a
data base of two-colour photometry of many millions of stars in the
LMC that have been observed of the order of 1000 times each over
a period of about 8 yr, from 1992 July to 2000 January. Seasonal
gaps in the MACHO LMC data are minimal, offering the advantage
that period aliasing is nearly absent. The (non-standard) filter bands
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Table 1. MACHO identifications of calibrating Miras, with amplitudes.

Name Sp MACHO id MACHO FGWC Orig r �r amp IR amp Comments, additional periods
period per per amp

C38 M2 78.6345.30 130.4 128 131 2.4 1.2 0.49
C11 M6 None 202 200
C20 M4 79.5864.44 209.9 210 207 4.0 1.15 0.74
R120 K5e 79.5744.141 216.7 217 213 3.5 0.75 0.63
R141 M1e 79.5742.23 258.2 255 260 3.5 0.93 0.65
R110 M2, 5 None 261 266
C7 Ce 80.6468.18 326.7 326 314 1.37 0.12 0.26 p = 170.77 d
R153 C, 4e 80.6468.77 346.7 370 360 3.5 2.1 0.55 p = 179.04 d
R105 M6Se None 420 430
W132 M 77.7914.16 156.2 155 2.2 0.9 0.4
W151 M 77.7916.24 173.8 172 2.7 0.6 0.66
W148 (M) 77.7917.61 183.1 185 3.8 1.1 0.70
W158 (M) 82.8039.2633 193.6 185 2.4 0.24 0.48
W19 M 77.7431.18 193.8 189 0.3 0.24 SRa; p = 103.77; 240.92 d
W77 S 77.7795.15 212.5 217 1.6 0.45 0.21
W94 M None 220
W74 M 77.7667.943 231.2 227 4.0 0.9 0.5
W1 M 77.7429.303 234.9 233 4.4 1.2 0.8
W140 (M) 77.7913.369 242.9 244 3.2 0.6 1.0
W48 (M) 77.7554.11 278.8 279 4.5 0.7 0.67
W46 C 77.7550.22 285.2 286 0.9 0.24 SRa; p = 145.25 d
W126 K? 77.7790.310 317.7 323 5.1 1.2 0.77
W103 C 77.7791.104 362.7 351 1.8 0.8 0.79
W30 C 77.7555.2818 183.7 400 0.12 0.2 SRa
0517–6551 (M) 59.6157.262 116.1 117 2.1 0.7 0.42
0512–6559 M 59.5308.655 140.7 141 140 3.5 0.7 0.65
0530–6437 C None 157
0526–6754 M 4.7578.16 157.2 160 2.7 0.9 0.76
0528–6531 M 65.7977.11 194.7 195 2.3 0.4 0.62
GR13 (M) None 202
0507–6639 M 56.4330.282 207.6 208 211 4.7 0.8 0.74
0515–6617 C 58.5666.27 225.9 211 223 2.6 0.9 0.32
0528–6520 C 65.7858.2 229.4 231 229 1.5 0.3 0.48
0520–6528 C 63.6647.27 233.1 234 235 2.0 0.5 0.32 p = 269.19
0519–6454 (C) None 242
0533–6807 M None 247
0529–6759 (C) 4.7940.12 282.8 274 1.5 0.4 0.33
0515–6451 (C) None 284
0537–6607 (M) None 284 285
0514–6605 (C) 59.5548.26 307.5 305 2.0 0.9 0.30
0505–6657 (M) 53.4084.14 307.4 311 2.8 0.3 0.59
0534–6531 (C) 65.8823.24 307.7 312 2.2 0.6 1.09
0524–6543 (M) 63.7248.11 314.9 312 3.9 0.9 0.73
0529–6739 (C) None 319 319:
0541–6631 (C) 66.9897.12 342.5 328 2.8 0.9 1.04
0515–6438 (C) None 365 340
W220 C 77.8150.42 280.9 286 1.5 0.4 0.50
0502–6711 (C) 25.3717.1133 321.9 308 168: 1.8 0.4 0.44
0537–6740 (C) 50.9275.24 367.1 418 213 1.9 0.7 0.15?
C2 CSe(Li) 80.6593.14 548.7 573 >500 2.0 0.3 0.65
0515–6510 None 438
0503–6620 55.3851.16 595.5 597 4.6 0.5 1.3
0515–6608 59.5790.13 539.1 555 5.3 0.8 0.8
0523–6644 S(Li) 60.7112.15 638.5 649 648 4.4 0.7 0.86
GR17 67.9649.46 728.5 780 5.0 0.9 1.25 (IR period)

Notes: in the ‘Name’ column, the order is the same as in FGWC.
In the ‘Sp’ column, a spectral type in parentheses was inferred from photometry; the others were determined directly.
In the ‘Original period’ column, the discovery period is given, if different from that used in FGWC.
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Calibrating stars of the Mira P–L relation 69

that it used are b (4500–6300 Å) and r (6300–7600 Å). In this work,
the MACHO World Wide Web site has been searched for the light
curves of the Miras that were used to calibrate the period–luminosity
relation.

2 S P E C T RO S C O P Y

Spectroscopic observations suitable for spectral classification were
undertaken for the Miras used in the initial determination of the
P–L relation for LMC Miras (Glass & Lloyd Evans 1981), as well as
several that were found later, with the Unit Spectrograph and RPCS
detector (Jorden, Read & van Breda 1982) on the 1.9-m telescope
at Sutherland. Observations in 1983 March used the 300 g mm−1

grating to give a resolution of 7 Å over the range 4300–6800 Å.
Spectra of M giant stars were obtained for comparison. Most of
the stars were observed in 1984–6 with the 400 g mm−1 grating
(resolution 5 Å, range 5200–7700 Å), which was more efficient as it
was blazed for 7500 Å, nearer the peak emission intensity of these
stars than the 5000 Å of the lower-resolution grating. These spectra
were classified using a set of M and S spectra obtained by Lloyd
Evans & Catchpole (1989), with the addition of a few carbon stars.
The S and C spectra could also be used in classifying the lower-
resolution spectra. The results are entered in Tables 1 and 2.

The spectra obtained differ from those of Miras in the solar neigh-
bourhood in two respects: the proportion of stars with modified com-
position (S or C) is large, and the M and S stars have quite early
spectra on average. The spectral types found for R110, R120, R123,
C5, C38 and C48 are all very early by general galactic standards.
The observations necessarily avoid phases near minimum light but
do not generally represent the spectrum at maximum. These fea-
tures have been reported in other studies: the high proportion of
carbon-rich compared with O-rich stars among red giants in the
LMC is especially well known and is thought to result from the
greater ease of overturning the C/O ratio by the dredge-up of carbon
produced by the triple-alpha process when the initial O/H ratio is
low. Ti is also underabundant as part of the general metal weakness,
so that TiO is, in effect, doubly weakened by comparison with typ-

Table 2. Positions of TLE stars in 2000 coordinates from MACHO and
DSS retrievals.

TLE R.A. Dec. Type
name

C2 05 20 46.725 −69 01 23.98 CSe
C7 05 20 28.173 −69 16 40.83 Ce
C11 05 18 16.23 −69 21 29 M6 (est. no MACHO)
C20 05 16 26.441 −69 09 59.87 M4
C38 05 19 42.412 −69 25 22.2 M2
C48 05 15 18.960 −69 14 17.97 M0, M4-5S
R49 05 16 37.522 −69 15 59.83 S6/2.5
R120 05 15 39.869 −69 07 32.38 K5e
R141 05 15 26.061 −69 15 06.58 M1e
R110 05 18 19.6 −69 03 30 M2, M5 (est. no MACHO)
R153 05 19 58.161 −69 14 16.86 C, 4e
R105 05 18 36.3 −69 19 02 M6Se (est. no MACHO)

Note: C48 and R49, although used in the work of Glass & Lloyd Evans
(1981), were omitted from the FGWC paper because of suspected
contamination of the K photometry by nearby stars or stars in the reference
fields. The MACHO identifications of these stars are 79.5742.23 and
79.6863.18 and their MACHO periods are 176.2 and 373.4 d, respectively;
for comparison, the discovery periods given by Glass & Lloyd Evans (1981)
were 170 and 390 d.

ical galactic stars. A further consequence of this is that visual light
amplitudes, which are greatly enhanced by the variation of V-band
blanketing round the light cycle, are likely to be smaller than those of
galactic Miras of similar period. The division between semiregular
and Mira variables, which is conventionally defined by light ampli-
tude at a given period, is likely to occur at a smaller amplitude in
the LMC.

3 T H E M AC H O DATA

3.1 Positions

Accurate positions for the Miras on the original list of Glass &
Lloyd Evans (1981) were obtained from the Digitized Sky Survey,
for which the output charts are furnished with World Coordinate
System positional calibrations in their FITS headers. The original
finding charts were used to identify the stars on ‘second-generation’
red charts. The MACHO data base contains astrometric positions
derived for each field from the Guide Star Catalog. The newly de-
rived positions of the Glass & Lloyd Evans stars are given in Table 2.
The WBP and GR positions were generally found to be satisfactory
(see the next section).

3.2 Light curves

The MACHO data base was searched for Mira-like variables within
5-arcsec radius of the available positions. The light curves of the
nearest stars to the nominal positions were displayed one-by-one
using the MACHO on-line facility. In general, the counterparts,
usually easy to identify by their large amplitudes, were found within
2 arcsec of the nominal positions. In 13 cases there was no MACHO
overlap or the star was too bright on the MACHO template and could
not readily be extracted. The MACHO identifications are given in
Table 1. The light-curve information was downloaded for further
processing. The r-band data are shown in Figs 1 and 2. The b-band
data were generally not used.

There were some surprises: three of the WBP stars were found
to be semiregular variables rather than Miras. Given the small
I amplitudes listed by Wood et al. (1985) for the S star W19 and the
carbon star W46, this might have been expected. The carbon star
W30 has a much shorter period and a smaller MACHO r-amplitude
than listed by WBP. However, its identification is uncertain, since
the WPB coordinates refer to a point about 16 arcsec away from
the star marked on the chart (measured in the infrared work and
assumed to be the correct one).

The time-span of the MACHO observations is relatively short
but even so it is possible to discern a pattern in the light curves that
is known from galactic Mira variables. The stars of M type show
variation in the brightness of individual maxima and minima, such
that the amplitude of individual cycles may differ, but there is little
sign of overall changes in light level where the whole curve is shifted
up or down. The carbon stars, in contrast, show several possible
examples of changing mean light. This is seen to a greater or lesser
degree in 0534–6531, W103, R153, 0537–6740 and 0541–6631.
Feast et al. (1984) attributed this phenomenon, in galactic carbon
stars, to the production of obscuring dust by the star. Lloyd Evans
(1997) used AAVSO light curves covering many decades to show
that fading in the light curves of carbon Miras is well correlated
with red J − K , which implies that they are the stars with most
circumstellar dust. Four of the five stars noted above are amongst
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Figure 1. MACHO light curves for M and presumed M stars in the defining sample. W19 is evidently not a Mira.

the reddest of those for which FGWC provide JHK photometry,
with J − K greater than 2.60, so that the same situation pertains in
the LMC.

The sample of FGWC contains six stars with periods greater then
420 d that are too bright to fit the period–luminosity relation for
stars with periods shorter than 420 d. One of these, 0523–6644 =
RGC69 (Reid et al. 1988), is an S star with enhanced lithium (Smith
et al. 1995). C2 is a CS star and also has a very strong lithium
line (this paper). Wood, Bessell & Fox (1983) suggested that stars
on the upper asymptotic giant branch (AGB) might be undergoing
hot-bottom burning (HBB) and that is the explanation given by
Smith et al. (1995) for the high frequency of lithium enhancement
in stars, mostly of spectral type S, near the upper luminosity limit

of AGB stars. The predominance of S stars and the relative lack of
carbon stars at higher luminosity also results from the operation of
HBB. The presence of a CS star, as a star which has just crossed
the boundary from S to C or is in the process of changing back
from C to S, is consistent with this picture. Smith et al. (1995) find
that well-developed carbon stars, with or without enhanced lithium,
only occur at lower luminosity. Whitelock & Feast (2000) suggest
that all the Miras with luminosities above the P–L relation are there
because of HBB. The five suspected HBB stars recovered here have
distinctive light curves, characterized by well-developed bumps on
the rising branch. Less developed bumps of this kind were noted in
about one-third of the O-type Miras and in only two of the C-type
Miras.
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Figure 2. MACHO light curves for C, presumed C, HBB and miscellaneous stars in the defining sample.

3.3 Periods

Periods were searched for using a least-squares Fourier fitting
program. The periods are listed in Table 1, together with those
used for the FGWC period–magnitude determinations. The pe-
riodograms were printed out for each star. The period with the
largest amplitude was used to produce a folded light curve in each
case.

The results indicate that the original periods were usually close
to being correct. In addition, it is clear that they have remained
stable over two to three decades. Exceptions to this are W30, which
has turned out to be an irregular variable of small amplitude, and
GR0537-6740, which nevertheless is not conspicuously irregular
in the MACHO data. The period of GR17, which falls among the
‘HBB’, also disagrees. It is so long that only two or three cycles
were covered by the discovery observations.
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Four periodograms (for C7, R153, W19 and W46) showed sub-
sidiary peaks at periods just greater than half (0.51–0.54 times) the
main peak. The latter two are semiregular variables. R153 seems
to be a normal carbon Mira, but C7 is a carbon Mira with a rather
small amplitude.

Two carbon stars show additional frequencies slightly higher
than the main ones. These are the semiregular W19 and the Mira
GR0520–6528.

4 A M P L I T U D E S

The amplitudes (see Table 1) were extracted graphically from the
folded light curves. Two parameters were measured because al-
most all the light curves show a shift in zero-point from cycle
to cycle. The first parameter (tabulated as ‘r amp’) is the overall
peak-to-peak amplitude, omitting obviously discrepant points (due
to noise). The second parameter (tabulated as ‘�r amp’ is the av-
erage of the scatter at minimum and maximum (see Fig. 3 for an
explanation). Since the mean magnitudes used in computing the
K, logP relations are simply the mean of the maximum and mini-
mum observed magnitude (see FGWC for more details), �K, the
equivalent quantity at K, is representative of the variability of the
mean to be expected at that wavelength. The K-band infrared am-
plitude from the original data (given in Glass et al. 1990) is also
listed.

The average r amplitude for 19 M or (M) stars is 3.4 mag (stan-
dard deviation, s.d. = 0.6) and their average �r amp is 0.8 (s.d. =
0.3). The corresponding figures from 20 MACHO light curves with
sufficient phase coverage from the Baade’s window Sgr I field (see
Glass et al. 1995) in the Milky Way galaxy, where all the Miras are
believed to be of M type, is, for the r amplitude, 3.7 (s.d. 0.6) and
for the �r amp is 0.7 (s.d. = 0.2). The LMC and SgrI numbers are
probably not significantly different for periods in excess of about
200 d (see Fig. 4). However, it is clear that the LMC sample contains
a number of short-period ‘Miras’ of lower amplitude, that do not
seem to have counterparts in the galactic Sgr I field.

Cioni et al. (2001) found that there is not a clear division in
amplitude between Miras and semiregular variables in their EROS-
based sample of stars in the LMC, although stars with RE amp <1.0
are much more numerous than those with higher amplitudes. This
question is being investigated in more detail by Glass, Cioni &
Schultheis (in preparation).

For 13 C and (C) stars, the average r amplitude is 2.0 mag
(s.d. = 0.6) and �r amp = 0.7 (s.d. = 0.5).

The solitary Wood et al. (1985) K? star has a rather large amplitude
of 5.1 mag, �r amp = 1.2.

The Wood et al. S star has r amplitude = 1.6 and �r amp = 0.5.
It is thought that the amplitude of variation in Miras is affected

by the chemical composition of the atmosphere. In particular, the

Figure 3. Phased light curve of C20, period 209.9 d. The r amplitude is
given by A–D and the quantity ‘�r amp’, an indication of the amount by
which the amplitude varies from cycle to cycle, is given by the average of
(A–B) and (C–D) (see Table 1).

Figure 4. Comparison of amplitude versus period for M-giant stars in
Baade’s windows and the LMC. Top: Baade’s windows: the Miras from
the 1200 arcmin2 Lloyd Evans (1976) Sgr I field are shown with the Alard
et al. (2001) SRVs from two equal areas totalling 450 arcmin2 in Sgr I and
NGC 6522. It is probable that all of these stars are O-rich. A clear gap exists
between 1 and 2 mag amplitude. Bottom: O-rich Miras (open circles) and
C-rich Miras (heavy dots) from the LMC S Dor field of Lloyd Evans (1972).
Most C-rich Miras and some shorter-period O-rich Miras (<200 d) have
amplitudes in the 1–2 mag range not occupied in the Galaxy. The amplitudes
given here are determined from second-order least-squares Fourier fits to the
data to be compatible with the eye estimates used in Alard et al.

condensation of TiO in M Miras causes their visual amplitudes
to be more than expected from temperature changes alone (Smak
1966; Reid & Goldston 2002). Certainly, the evidence here sug-
gests that the M-type Miras have larger amplitudes than the C-type
ones.

4.1 Comparison of r- and K-band amplitudes

In Fig. 5 the K-band amplitudes of the sample are plotted against
those in the r band. The r-band amplitudes seen in the LMC include
many below 2 mag. The O-rich Miras have larger visual amplitudes
than the C-rich ones.

Figure 5. K amplitudes versus MACHO r-band amplitudes. Known and
likely carbon-rich Miras are shown with open circles; M Miras with solid
points.
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The parameter ‘�r amp’ is an indication of how much the average
r mag can vary over the long term. It is typically 1 mag or less.
The equivalent quantity for K magnitudes, �K amp, is difficult to
estimate because long-term detailed multicycle observations are not
available for ordinary Miras. However, the solar neighbourhood data
presented by Whitelock, Marang & Feast (2000) give an indication.
Some of their objects have been monitored, though not with very
frequent sampling, over many cycles and folded light curves are
given. The mean peak-to-peak amplitude of 18 of their O-rich Miras
with large numbers of observations, determined in the same way as
in this work, is 0.83 (s.d. = 0.26). The mean �K amp is 0.23 (σ =
0.07).

For O-rich Miras it appears that a long-term ratio of �K amp to
K amplitude of about 0.2–0.3 is appropriate.

�K amp can be thought of as the cycle-to-cycle variation in
average K magnitudes. The scatter in the period–luminosity re-
lation for observations that encompass only one or two cycles
is thus expected to be about 0.23 ± 0.07 mag peak to peak,
equivalent to a standard deviation of about half this amount.
The observed scatter in the K–log P relation is ±0.13 mag. The
similarity of these numbers is probably fortuitous, but a long-term
series of detailed observations will undoubtedly lead to a better-
defined mean K magnitude for a Mira and it may be that the scatter
in the logP, K relation can then be reduced. The data available
at the moment for the LMC Miras are not sufficient to test this
possibility.

5 P E R I O D – M AG N I T U D E R E L AT I O N S

5.1 M stars

In what follows, the representative K magnitudes have been taken
from table 1 of FGWC.

Table 3 is a list of the Mira-like M stars in the sample. Stars
without MACHO light curves are marked with asterisks.

The period–luminosity relation derived from all the stars in
Table 3, assuming all the errors are in the K magnitudes and that the
periods are perfectly determined, is

K = (−3.52 ± 0.21) log P + (19.64 ± 0.49)(N = 26)σ = 0.13.

This is not significantly different from the relation given for O-rich
Miras in FGWC, indicating that the errors in the periods have had a
negligible effect. Eliminating the stars without MACHO light curves
does not change the K, log P relation but increases the probable
errors on the slope and intercept terms:

K = (−3.53 ± 0.26) log P + (19.64 ± 0.61)(N = 20)σ = 0.13.

It is evident that the periods are very well determined and that the
scatter in the fit, if not due to possible mass or metallicity effects
as mentioned in the introduction, must arise from the K magnitudes
of the stars concerned. The K data for the stars with the highest
residuals (exp. − obs.) have been examined in detail, but no obvious
reason for rejecting any of these points can be found. The data and
fits are shown in Fig. 6.

To improve the K-band data requires even better phase coverage
for more cycles. The residuals can arise in the following ways.

(i) Intrinsic variability of the stars. Long-term observations of
M-type Miras in the IR with detail comparable to the MACHO
curves are rare. Maran et al. (1977) report 2.7-µm monitoring of the
Mira variables S Ori (414 d), S CMi (330 d), Mira itself (330 d), R
Aql (284 d) and R Leo (309 d).

Table 3. M stars used in defining the period–luminosity
relations.

Name logP K exp. − obs.

C38 2.115 12.12 0.065
C11∗ 2.305 11.51 0.006
C20 2.322 11.54 −0.084
R120 2.336 11.38 0.027
R141 2.412 10.99 0.149
R110∗ 2.417 11.29 −0.169
R105∗ 2.623 10.29 0.106
W132 2.194 11.67 0.237
W151 2.240 11.74 0.005
W148 2.263 11.82 −0.156
W158 2.287 11.77 −0.191
W94∗ 2.342 11.28 0.105
W74 2.364 11.49 −0.182
W1 2.371 11.48 −0.197
W140 2.385 11.19 0.044
W48 2.445 10.99 0.033
0517–6551 2.065 12.25 0.111
0512–6559 2.148 12.13 −0.061
0526–6754 2.197 11.79 0.106
0528–6531 2.289 11.48 0.092
GR13∗ 2.305 11.59 −0.074
0507–6639 2.317 11.57 −0.097
0533–6807∗ 2.393 11.38 −0.174
0537–6607∗ 2.453 11.02 −0.026
0505–6657 2.488 10.67 0.201
0524–6543 2.498 10.71 0.126

Note: stars with asterisks were not found in the MACHO
data base. The periods and K magnitudes of FGWC are
given for these cases.

(ii) Incomplete light curves.
(iii) The possibility that the photometry was affected by the pres-

ence of extra stars in the observing or the reference aperture, a prob-
lem encountered in aperture photometry, or that random errors have
occurred.

5.2 logP–mbol relation

The period–luminosity relation derived from all the stars in Table 3,
assuming all the errors are in the mbol magnitudes, is

mbol= (−3.06 ± 0.26) log P + (21.50 ± 0.61)(N = 26)

σ= 0.16.

Again, the Mbol values have been taken from FGWC.
The equivalent expression from FGWC is

mbol= (−3.00 ± 0.24) log P + (21.35 ± 0.657)(N = 29)

σ= 0.16,

which is not significantly different.
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Figure 6. Period–luminosity relations using the new periods from MACHO, when available; otherwise the periods given by FGWC. The lower panel in each
case is for M stars only. The upper panel contains the carbon stars (×) and the presumed HBB stars (o). The M stars are those of Table 3.
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