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Summary. — We have classified 368 Mira variables of M, S and C spectral classes based on the shape of their visual light
curve. The classification is essentially based on Ludendorff’s (1928) scheme and the light curves used are mainly from the
compilation of Campbell (1955). The distribution of light curves over period, mean amplitude, light curve asymmetry
factor f, period variability, and spectral class at maximum are discussed.
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1. Introduction.

Mira variables are cyclic long period variables. The
shape of their visual light curves differs from one star to
another, and sometimes, from on cycle to another.
However, these light curves can be classified broadly into
a few classes. Campbell (1925) classified 124 Mira stars
into seven classes from I to VII. Ludendorff (1928), on
the other hand, classified about 300 stars into three main
classes, divided into ten subclasses. Visual light curve
asymmetry factor f (rise time/period) has been found to
correlate well with certain observed properties in Mira
variables (Bowers and Kerr, 1977 ; Vardya, 1985 ; Var-
dya etal., 1986). It has recently been found (Vardya,
1987a, b) that visual light curve class is also a good
parameter to describe some of the observed properties of
the Mira variables. Ludendorff had classified Miras
based on light curve observations prior to 1928. As a
large amount of new observations have accumulated for
many of these stars and of newer ones, it was felt
appropriate to undertake afresh classification of Mira
visual light curve shapes. As a basic data, we used the
comprehensive compilation of light curves given by
Campbell (1955). We have also used visual observations
of long period variables in the American Association of
Variable Star Observers (AAVSO) Report 38 (Mattei,
1983) for a limited extent. This way we have classified
368 stars, of which about 80 are new and many others
which had questionable classifications or no subclassifi-
cations.

2. Ludendorff’s classification scheme.

The classification of visual light curves that we have
followed here is essentially that given by Ludendorff
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(1928). There are three main types «, 8 and v, with ten
subclasses as given below :

a : The ascending branch is noticeably steeper than the
decending branch, and the minimum, barring a few
exceptions, is always broader than the maximum.
a; - Long flatminimum (about one-third to one-halfthe
period) and normally a steep rise in luminosity.

a, - The minimum still broad but no long flat mini-
mum and the rise very steep in most cases.

a3 - The minimum not as broad as in «, but the rise
somewhat steep.

a,- As aj; but rise not that steep.

B : The light curve is basically symmetric with minor or
no difference in the steepness of the ascending and
descending branches.

B - The maximum narrower than the minimum.

B, - The maximum as narrow or flat as minimum.

B3 - The maximum broader than the minimum.

B4 - The maximum very broad and remains. flat for
some time.

v : The ascending branch has step(s) or hump, or the
light curve has a double maxima.
71 - Step(s) or hump in the ascending branch.
v, - Double maxima.

3. Classification.

We have classified all the stars, whose light curves are
given in the compilation of Campbell (1955), if they are
Mira variables, according to Kholopov (1985) for stars in
Andromeda to Orion and Kukarkin et al. (1969) for the
remaining stars. However, values marked by a dagger ()
are from Kukarkin etal. (1969) as Kholopov (1985)
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values appear to be misprint. The visual light curve
classification (l.c.c.) is listed in column 7 of table I ; also
given in the table are the variable star name, period
rounded to nearest day, visual light asymmetry factor f
(rise time/period), mean visual amplitude (AM,), and
spectral class (Kholopov, 1985 ; Kukarkin et al., 1969).
Where available, spectral class at light maximum has also

been given in column 6 (Keenan etal., 1974). In col--

umn 8, we have given the classification as given by
Ludendorff (1928). Column 9 gives the classification
based on observations given in Mattei (1983) ; in general,
the classification in this column is somewhat uncertain as
coverage of observations at different phases is in-
adequate. The v in the period column indicates that the
period has been found variable for that star (Kholopov,
1985 ; Kukarkin efal., 1969) and an asterisk in the
(AMy) indicates that the mean value is not available
from Kukarkin efal. (1969) and the current value is
given.

Figure 1 gives a plot of light curve classification, based
on Campbell (1955) light curves as classified in this paper
against that given by Ludendorff (1928) with definite,
single type sub-classification. The number in each square
refers to the number of stars. Most of the stars fall on the
diagonal, the rest falling essentially one subclass off,
except in the case of y; (1955). The reasons for stars
falling off-diagonally can partly be due to i) uncertainty
in classification, ii) use of different light curves in the
two classifications, iii) paucity of data points to clearly
discern step(s) or hump in the ascending branch in the
1928 classification and iv) change in light curve with
time. As the light curves on which Ludendorff’s classifi-
cation is based are not available to us, it is difficult to

1.cc.(1955)
ay|ay|az(ay (B [B2|Bz| 7|7,
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- B3 6 [10] 1
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FIGURE 1. — Comparison of the visual light curve classification
of Mira variables as given by Ludendorff (1928) and those
classified in this paper based on light curve compilation of
Campbell (1955). The numbers in each square denote number
of stars.
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check some of these causes. Note also that many of the
a; (1928) have been classified by us as a, (1955) as we
really did not find a flat minimum of length one third the
period or longer. Overall, the figure shows that our
classification is similar to that given by Ludendorff
(1928) except that ours is based on Campbell’s (1955)
visual light curves. The error in classification is, in
general, not greater than one subclass. Even this uncer-
tainty can be decreased if all the light curves are
normalized in amplitude and period.

Most of the stars, visual light curves of which have
been given in Mattei (1983) have scanty coverage over
the whole cycle. We have therefore classified only those
Miras from this sample which were reasonably covered
over the whole cycle. In general, these classifications are
less accurate than those based on the 1955 data.

Ludendorff (1928) has classified a number of stars with
double classes, i.e. ay — B,, ¥ — V2, ag— ¥; etc. We
have refrained from this and given the dominant type
only. However, a few stars, which we were not very
definite about because of the nature of light curve have
pec (peculiar) or a question mark after the light curve
class. If part of the light curve given by Campbell is
dotted (unobserved), the light curve classification (1955)
is followed by a right parenthesis to denote this fact.

4. Distribution of stars.

Figure 2 gives the distribution of 312 M, 30 S and 22 C
spectral type Miras among different visual light curve
classes. There are no stars with B, class and there are
only two stars with vy, type, both being M Miras. Most of
the Miras belong to «,, a3 and a, classes, with another
peak at B, and another secondary peak at y;, and the
ratio of stars in the a, B and vy classes are 55:35:10. S

1 T T 1 1 1 1 T i
C Stars
S Stars
M Stars

60

s

20} v

1 1 1 1 1 | 1
(o}
@ a, ay a, B, B, By 7, 7,

Visual Light Curve Class

FIGURE 2. — Distribution of M, S and C Miras as a function of
visual light curve class.
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Miras are equally distributed but three fourth of the
carbon stars are in the B8,, B; and v, light curve classes
and there are no «, a, and vy, class carbon Miras.

Figure 3 gives histograms of the fraction of M Miras as
a function of period for different visual light curve
classes. Peaks of «; and «, are in the range
P = 450 days, and shifts to smaller periods as we go to
a; and a,. There are no a;, a, and a; Miras with
P <200 days. The peak of B, is in the range 301-
350 days, and shifts to lower periods as we go to
B, and B;. There are hardly any B Miras for
P =350 days. There are no <, class stars with
P < 300 days and the only two vy, stars in our sample
have P = 450 days, 508 and 546 days to be exact.
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FIGURE 3. — Fraction of M Miras in different period range as a
function of visual light curve class. The numbers inside the
parenthesis denote the stars of that class.

~ Figure 4 gives histograms of the fraction of M Miras as

a function of visual light curve class for different period
ranges. For P > 450 days, «,, a,, ¥, and 7y, and for
P <200 days, a4, B, B, and B; are the only con-
tributors.
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FIGURE 4. — Fraction of M Miras in different visual light curve
class as a function of period range. Number of stars in each
period range is given in the parenthesis.

Figure 5 gives the distribution of the mean visual
amplitude, (AMy,) for M, S, and C Miras. We had found
for S Mira variables that the mean visual amplitude,
rather than the amplitude itself, is a better quantity for
correlation with other parameters (Vardya, 1985).
Hence the choice of (AMy) ; it is a pity, therefore, that
the 4th edition of the General Catalogue of Variable
Stars does not give this quantity. Most of the Miras have
(AMy) in the range 4-6™. This is true for M Miras also,
with steep fall for shorter or longer amplitudes. The
credit for the maximum (AMy) of 9™ goes to a S Mira
(RT Sco), and C Miras have, in general, smaller
amplitudes than M and S stars. The peak of (AMy ) for M
Miras lies in the range 4-5™, for S stars 5-6™, but for C
stars 2-3™.

Figures 6 gives the distribution of M Miras as a
function of (AMy) for different visual light curve
classes. The peak of the distribution for a;, a,,
B1, B, and B; is in the interval 4-5", for «; and
v, in 5-6™ and for «, and vy, in 4-6™.

Figure 7 gives the distribution of f, the visual light
curve asymmetry factor for M, S and C stars. Four-fifth
of the Miras lie in the range 0.40 < f < 0.50. However,
for C Miras (22 stars), 32 % have f=0.50 and none
below f =0.40. S Miras (20 stars) have 28 % in the
range f <0.40, compared to 13% for M Miras
(310 stars).
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Figure 8 gives the distribution of M Miras as a function
of f for different visual light curve type. About 70-80 %
of stars of B, B, and B; visual light curve classes lie in
the narrow range of 0.45 < f < 0.50. The spread of fis
maximum in vy, class.

Table II gives the mean value, dispersion and maxi-
mum and minimum value of f for different light curve
classes. Note the sharp increase of (f) from (aj,
aj, a;3) to a, and to (By, By, Bj).

Period has been found to be variable for a number of
Mira variables and this has been denoted by « v » in front
of the period (Kholopov, 1985 ; Kukarkin et al., 1969).
Thus, there are about 63 M Miras with variable period.
However, if we compare the period as given in Table Ia
with that given by Campbell (1955), we find that 92 M
Miras have |AP| =2, increase and decrease in period
being equally distributed, with W Dra having the largest
increase of 23 days over Campbell’s value and R Aql the
largest decrease of 22 days. Note that both these Miras
are a, type, and their visual light curve class have not
changed with time considering the 1928, 1955 and 1983

FIGURE 6. — Fraction of M Miras in different mean visual light
amplitude range as a function of visual light curve class.

classifications. The distribution of these variable period
M Miras in different visual light curve class shows a fairly
uniform distribution except for v;, where there is great
excess and perhaps y, (only two stars, and both have
variable period). There are another about 105 stars
which have period variation of about a day. Eight S
Miras and seven C Miras also have period variation
= 2 days. This implies that about 30 % of Miras show a
period variation of = 2 days and the percentage jumps to
about twice if Miras with period variation of 1 day are
also included. This is not surprising as these stars, with a
large rate of mass loss, are in a fairly rapid phase of
evolution. A detailed evolutionary study of a few Miras
with large change in periods with time may be instructive
in giving clues to the transition of M stars into S and C
stars.
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FIGURE 7. — Distribution of M, S and C Miras as a function of
visual light asymmetry factor f.

For about 180 M Miras, spectral class at visual light
maximum has been given in table I from Keenan et al.
(1974). The distribution of spectral class at maximum
shows that for a;, a, and aj; class light curves, 90 % of
the stars are M5 or later at maximum. This shifts to
~50 % for a4 In the case of B, ~90% of stars at
maximum are M4 or later, but this shifts to less than
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