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CHAPTER 4

Variable stars in M31

THIS chapter presents the variable stars that are detected by our microlensing survey to-
wards M31. Tens of thousands of high-quality variable star lightcurves are available. We

show how the lightcurve period, amplitude and shape information can be used to identify
specific classes of variable stars such as classical Cepheids, eclipsing binaries, long-period-
variables such as Mira’s and semiregular variables, and classical Novae. The spatial distribu-
tion of the long-period-variables is used to study the distribution of the microlensing source
population. In accordance with An et al. (2004a) we find that the asymmetry in the distri-
bution of these stars is caused by extinction, emphasizing the need to take extinction into
account in the interpretation of the microlensing results towards M31.
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4.1 Introduction

The variable stars in M31 have been very important for several reasons. In the 1920’s Edwin
Hubble could unambiguously prove that M31 is an external galaxy rather than a nebula within
the Milky Way using Cepheid variables in M31 (Hubble 1929). Over the years several studies
have been performed on Cepheid variables (e.g. Baade & Swope 1963, 1965), novae (e.g. Arp
1956; Rosino 1973; Rosino et al. 1989; Sharov et al. 2000) and RR Lyrae variables Pritchet
& van den Bergh (1987), but only a few fields were studied in detail. A currently still running
survey is the DIRECT project (e.g. Kaluzny et al. 1998) that is monitoring detached eclipsing
binaries and Cepheids in five 11’ � 11’ fields in M31 in order to improve the extragalactic
distance ladder. However, a dedicated survey of variable stars in the whole galaxy is still
lacking.

Since M31 is the closest large galaxy it is possible to study the variable star population
in great detail. This is a very rewarding prospect both for the study of the variable stars
and for the distribution of variable stars within the galaxy. Due to our location in the disk,
the distribution of variables in the Milky Way is difficult to study. But apart from being
interesting in their own right, the variable stars in M31 are also important for the correct
interpretation of the results of microlensing surveys like the one described in this thesis.
Because of the high inclination of M31 of 78

�

the microlensing optical depth due to the halo
is higher on the far side of the disk than on the near side (see fig. 1.6). This has been used
to infer that the rate at which microlensing events occur in M31 will be asymmetric with
respect to the major axis, with a higher rate on the far side (Crotts 1992). The degree of this
asymmetry depends solely on the amount of dark matter in the form of compact objects and
their mass distribution, provided the sources for the microlensing events are well-mixed and
evenly distributed over M31. However, should the stellar distributions in M31 be distributed
asymmetrically, this would add a third parameter that influences the degree of asymmetry
in the microlensing event rate. Since variable stars of different types trace different stellar
populations, they can be used to study the distribution of the stellar populations in M31 and
therefore the distribution of the microlensing source population.

Large numbers of variable stars are detected as by-products of the microlensing surveys
towards M31 that are currently being conducted by several groups, including MEGA (de
Jong et al. 2004), POINT-AGAPE (Paulin-Henriksson et al. 2003; Calchi Novati et al. 2003)
and WeCAPP (Riffeser et al. 2003). Although these variable stars complicate the detection
of microlensing events, since especially long-period variable stars can mimick microlensing
lightcurves convincingly, they also provide the surveys with the information needed to con-
strain the microlensing source distribution. Moreover, the samples of variable star lightcurves
that are produced by the microlensing surveys form the most complete overview of variable
stars in M31 and therefore have numerous interesting scientific applications.

The first study of variable stars detected by an M31 microlensing survey was published
by POINT-AGAPE in An et al. (2004a). In their paper they classify 35,414 variable stars
according to their period and amplitude and roughly divide them into classical types of vari-
able stars, like Cepheids, Mira’s and semiregular variables. They concentrate however, on
the spatial distribution of the long-period variables and resolved stars in M31. What they find
is slightly disconcerting for the interpretation of the possible asymmetry in the microlensing
event rate. Both resolved stars and the variables show an asymmetry in their distribution
over the face of M31, indicating that the stellar populations might not be evenly distributed.
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Figure 4.1 – The ratio of the
mean density on either side of an
axis through the center of M31
versus the position angle of the
axis. The axis is rotated anti-
clockwise from north through
east; an angle of 38

�
corre-

sponds to the position angle of
the major axis of M31. The lines
are for r

�

surface brightness,
resolved bright stars, medium-
bright stars, variable stars (all
types), and the variable split
in two bins depending on their
(projected) distance from the
center, as indicated in the leg-
end. For all groups of objects
the density is higher on the far
side (angle=38

�
). Taken from

An et al. (2004a)

Moreover, this asymmetry is in the same direction as would be induced by halo microlensing,
with more objects on the far side than on the near side. This result is summarized in figure
4.1, which is taken from the paper by An et al. (2004a) and shows the asymmetry in the
surface density of different objects. According to An et al. (2004a) this asymmetry is caused
primarily by variable extinction within M31 and the prominent dust lanes on the near side of
the disk. Clearly, this result will complicate the interpretation of the microlensing results and
if extinction is indeed the main problem, it will have to be taken into account somehow when
studying the distribution of microlensing events.

In this chapter we will try to look in more detail at the classification and nature of the
variable stars that we detect in M31. Based on their periods, amplitudes and the shapes of
their lightcurves we will identify a number of specific types of variables and show examples
of lightcurves. We will also look at the distribution of long-period variables to see if we
can confirm the asymmetry in their distribution. The outline of the chapter is as follows.
In section 4.2 we describe the data and methods used. Section 4.3 deals with the ways of
classifying variable sources into different classes and looks at the properties of some specific
types of variables in more detail. What the distribution of variable stars can tell us about the
microlensing source population is discussed in section 4.4, followed by our conclusions in
section 4.5.

4.2 Data and reduction methods
The layout of the WFC chips on M31 is shown in figure 4.2, covering a large part of the
far side (SE) of the disk of M31, and part of the near side. The four 2048x4100 pixel chips
with a pixel scale of 0.333”, offer a field of view of approximately 0.25

���
. Observations

were done during 4 six-month observing seasons (August-January). Because the WFC was
not always mounted on the INT, the epochs tend to cluster in blocks of two to three weeks.
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Figure 4.2 – the layout of the two INT
Wide Field Camera (WFC) fields in
M31. A small part of the south field
close to the bulge is not used since the
image subtraction is not of high quality
due to the high surface brightness.

During the first (99/00) observing season, exposures were taken in 3 filters, r
�

, g
�

and i
�

, which
are close to the Sloan filters. During the other observing seasons (00/01, 01/02 and 02/03)
only the r

�

and i
�

filters were used. Observations were spread equally over both fields. For the
99/00 season the exposure times per night range between 5 and 30 minutes being typically
10 minutes. During the other seasons exposure times are 10 minutes per field and filter by
default.

Standard data reduction, including bias subtraction, trimming and flatfielding was per-
formed in IRAF. For the detection and photometry of variable objects in these highly crowded
fields we use the Difference Image Photometry (DIP) method as described by Tomaney &
Crotts (1996). This method involves subtracting individual images from a high quality ref-
erence image, resulting in difference images in which variable objects show up as residuals.
Most operations are done in IRAF, using the DIFIMPHOT package written primarily by
Austin Tomaney.

� Astrometric registration and stacking of images
All images are transformed to a common astrometric reference frame. By stacking high qual-
ity images from the 99/00 season, a high signal-to-noise reference image was made. Per
night all exposures are combined separately for each band. Each epoch corresponds to the
combination of all frames taken in the same band in one night. The Julian date of the epoch
is taken as the weighted average of the Julian dates of the individual frames.

� Image subtraction
From the single epoch images the high signal-to-noise reference image is subtracted, after
photometric calibration and matching of the point spread function (PSF) between the images
(Tomaney & Crotts 1996). The shape of the PSF is measured from bright, unsaturated stars
in the images that are being matched. By dividing the PSFs in Fourier space a convolution
kernel is calculated with which the better seeing image (usually the reference image) is de-
graded. In regions with very high surface brightness the image subtraction is not of very high
quality. For this reason we exclude a small part of the south field that is located in the bulge
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Table 4.1 – Overview of the number of
epochs used for each field and filter.

r
�

i
�

North South North South
99/00 48 50 21 18
00/01 58 57 66 62
01/02 28 30 27 28
02/03 35 32 33 30
Total 169 169 147 138

and has a very high background level. This region is indicated in figure 4.2.
� Variable object detection
The resulting difference images are dominated by shot noise in which variable sources show
up as positive or negative residuals, depending on the flux difference of the object between
the single epoch image and the reference image. Due to fringing, the i

�

difference images are
of poorer quality than the r

�

difference images. SExtractor (Bertin & Arnouts 1996) is used
to detect residuals in all r

�

difference images. Residuals are defined as groups of at least 4
connected pixels that all are at least 3 � above or below the background. The catalogs with
residuals are cross-correlated to obtain a catalog with all variable objects in the surveyed
fields. As a first selection to get rid of noisy detections, we demand that objects have to be
detected in at least two epochs.

� Lightcurves and Epoch quality
Lightcurves for the variable sources are obtained by performing PSF fitting photometry on
the residuals in the difference images, using the PSF shape measured from the bright unsat-
urated stars. An aperture of 0.5 FWHM is used, smaller than in the analysis in chapter 3 to
reduce the noise introduced by nearby variable stars. Several epochs turned out to give prob-
lematic difference images for a number of different reasons. Epochs with seeing worse than
2.0” do not give clean difference images; from 7 epochs all data were discarded for this rea-
son, and for 12 epochs part of the data. In some cases the images were overexposed, causing
the PSF determination to fail, forcing us to discard 7 epochs completely and part of the data
from 7 more epochs. During the 00/01 and 01/02 season there were problems with inaccurate
guiding in a number of epochs. In 2 epochs the guiding failed completely and these were
discarded.
Lightcurves were also produced at “empty” positions, i.e. positions where no variability was
detected. Flat line fits were done to these empty lightcurves to check the error bars on the
fluxes derived from statistics of the PSF fitting photometry. For each epoch, the distribution
of the deviations from the flat lightcurve fits weighted by the error bar returned by the pho-
tometry routine was examined. In some cases this distribution showed broad non-gaussian
wings, and these epochs were discarded. Typically they were associated either with highly
variable seeing between the individual exposures or inaccurate guiding. In other cases, the
normalized error distribution was gaussian, but with dispersion higher than one. In these
cases the error bars were renormalized appropriately.

In total, approximately 19% of the 209 observed epochs in r
�

and 22% of the 183 observed
epochs in i

�

are discarded. The typical number of epochs that were left after the procedure
described above are tabulated in table 4.1 for each filter and field for all seasons. From these
epochs lightcurves were constructed for the 105,447 variable objects that were detected.
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4.3 Variable star classification
Because of the large number of variable objects that we detect, we need an automated way of
classifying them into different classes. In their analysis of the variable stars in M31 detected
by the POINT-AGAPE collaboration, An et al. (2004a) make very rough classifications of
variables based only on their positions in the period-amplitude plane, whereas we will also
use the lightcurve shape as an additional source of information. The information we therefore
need to extract from the difference flux lightcurves consists of the period, amplitude and
lightcurve shape. The period is determined using a multi-harmonic periodogram method
(Schwarzenberg-Czerny 1996), specialized for unevenly sampled data. Using this period a
Fourier series with up to six harmonics is fitted to each lightcurve:

��������� 	�
��
	����

� 	������������ � �"! 	$#&% (4.1)

providing the variation amplitude and information about the shape of the lightcurve.
As An et al. (2004a) showed, the basic properties, variation amplitude and period can be

used to separate variable stars into different classes. Figure 4.3 shows the positions of 22,472
variables in the period-amplitude plane. These variables are a subset of the initial database
of 105,500 detected objects and were selected to have periods between 1.5 and 650 days,
good phase coverage and a well-fitted light curve. With well-fitted we mean that the ' ( of
the Fourier fit is significantly better than the ')( around the mean flux, the criterium being
that '+*�,.-�/ 0 �21 ' (354 ,7698 ' (: -<;>= . The upper limit on the period was chosen so that at least
two complete periods are spanned by the observing period. The lower limit of 1.5 days is
used because around periods of 1 day the period finding algorithm produces a lot of aliases
as the spacing of the data points is typically 1 day. Due to the survey setup of six month
observing seasons, variables with periods around 1 year have relatively poor phase coverage,
causing the Fourier fits to be unreliable and often give erroneous values for the amplitude
and other fit parameters. We therefore remove all variables with a phase coverage of less
than 0.8, resulting in the empty band in figure 4.3 at log( ? ) @ = % A . In figure 4.3 different
groups of variables can be distinguished. For example, the band of objects in the left of
the figure running from (0.6, 0.6) to (1.4, 2.0) is the location of classical (type I) Cepheids
and the smaller band of objects to the right of these is the location of type II Cepheids. Long
period variables like Mira’s and semi-regular variables are located in the large clump at higher
periods.

Since we have detailed information as well about the shape of the individual lightcurves,
we also want to include that information in the classification of variable sources. Certain
types of variable stars have very characteristic lightcurve shapes, so that they can be identified
using the Fourier coefficients from equation 4.1. Traditionally lightcurves are measured in
magnitudes. We are measuring difference fluxes and have no information about the absolute
magnitude of the variations we see. The shape of a lightcurve can change drastically when
changing from the magnitude to the flux domain, but as we show below, for variations up to
1 or 2 magnitudes the lightcurve shape changes very little. Therefore it is possible to identify
certain variables by their lightcurve shape in the traditional way.

This chapter is not meant to be an exhaustive catalogue of all variables in M31. Here
we will identify a number of the more common types: classical Cepheids, eclipsing binaries,
Mira-type and semiregular long period variables (LPVs) and cataclismic variables (CVs).
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Figure 4.3 – Period-amplitude
diagram for 22,472 variable stars
with periods between 1.5 and
650 days, well-fitted lightcurves
and good phase-coverage. The
empty band around periods of
� 1 year is caused by poor phase
coverage for this period due
to the survey time sampling.
The period-amplitude relations
of type I and type II Cepheids
are clearly visible, as well as
the large number of long-period-
variables that we are sensitive to.

4.3.1 Cepheids

Classical Cepheid-type variable stars are known to have periods ranging between 1 day up
to 100 days and the amplitude of variation rarely exceeds 2 magnitudes in either V or I. Fur-
thermore, their shape can usually be fitted with a template lightcurve (e.g. Stetson 1996),
meaning that their shape is rather constant. Classical Cepheids also follow a well-known
period-luminosity relation, that is often used to determine distances to extragalactic stellar
systems. Since there is also a correlation between their brightness and their variation ampli-
tude, their locus in the period-amplitude plane is easily recognized (figure 4.3). To identify
Cepheids in our variable star database, we want to use period and amplitude information as
well as lightcurve shapes, to filter out as many other variables as possible that either have a
similar position in the period-amplitude plane or similar lightcurve shape.

From the Fourier series fitted to all our lightcurves, we have information about the
lightcurve shapes that we should be able to use to identify Cepheids. When fitting a Fourier
series to lightcurves in magnitude units, Cepheids are easily recognized if the ratio of the
amplitudes of the first and second harmonics

�

( �
� �

( 8
� � is plotted against the phase dif-

ference
!
( �
�>!

(�� =
! � . The Cepheids cluster together between

�

( � values of 0.2 and 0.5
and

!
( � values of 4.5 and 5.5 radians. However, our lightcurves are in units of difference

flux and the actual magnitudes of the variables are unknown, and since lightcurve shapes
change when transforming them from magnitude to flux and vice versa, it is not a priori clear
that we can use this method to identify Cepheids. Below we show that it turns out we can
use this method to identify Cepheids after all due to the small amplitude of their brightness
fluctuations.

The amplitude of variation of the lion’s share of Cepheids lies between 0.2 and 1.0 mag-
nitudes, corresponding to relative changes in brightness of factors of 1.2 and 2.5. Because
of this relatively small change in brightness, the shape of the lightcurve changes little when
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Figure 4.4 – Transformation
of a Cepheid lightcurve from
magnitude to flux. Upper panel:
template lightcurve of a Cepheid
variable with a period of 10
days, an average V magnitude
of 19 and an amplitude of 0.6
magnitudes. Middle panel: the
lightcurve in the upper panel
converted to flux units as they
would be measured with the
INT. The shape of the lightcurve
changes somewhat, but not sig-
nificantly. Lower panel: the
same as the middle panel, but
for an amplitude of 6 magni-
tudes instead of 0.6 magnitudes,
in which case the lightcurve is
changed dramatically.

going from magnitudes to flux. On the other hand, if the change in brightness is large, the
lightcurves look very different in magnitude and flux, as is demonstrated in figure 4.4. For
variables that have amplitudes up to around 1 magnitude the

�

( � and
!
( � values obtained

from our difference flux lightcurves should be similar to the values found using magnitude
lightcurves. Therefore we should be able to use these parameters to identify Cepheids in the
usual way.

To check this we performed simulations of Cepheid lightcurves in the following way. Us-
ing the Cepheid templates from Stetson (1996), we create a set of Cepheid lightcurves as they
could be observed in M31. We assume that the mean apparent magnitude for each variable
lies between 18 and 21 (e.g. Kaluzny et al. 1998) and let the periods vary randomly between
2 and 60 days and the amplitudes between 0.1 and 0.5 magnitudes. Each lightcurve is con-
verted to flux and a Fourier series as in eq. 4.1 is fitted to all magnitude and flux lightcurves.
In figure 4.5 we plot the

�

( � and
!
( � values for the magnitude and flux lightcurves for the

simulated V-band lightcurves. In the two panels on the left side there is a clear correlation
visible between the values obtained for the magnitude lightcurves and their flux counterparts.
Both for the flux and for the magnitude lightcurves the

�

( � and
!
( � values cluster together

tightly in the right panel. The offset in
!
( � of � is due to the fact that the flux lightcurve

is upside-down with respect to the magnitude lightcurve. Figure 4.6 shows the same for the
I-band lightcurves. Here the correlation is also clear, but in I-band the Cepheid locus is less
clearly defined in the

�

( � -
!
( � plane. Therefore, V-band is preferable to I-band when identi-

fying Cepheids based on the
�

( � -
!
( � values. For us this means that we use �

�

in the INT data
and

�
in the KP4m data for the identification of Cepheids.

In figure 4.7 we plot the R ( � versus
�

( � values for all variables detected in the INT data
set that have periods between 1.5 and 100 days and a well fitted light curve. Well fitted like
before means ' *�,.-�/ 0 � 1 ' (354 , 6 8 ' (: - ; = . In the lower left corner, centered around R ( � =0.35
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Figure 4.5 – Shape parame-
ters for 2000 simulated V-band
Cepheid lightcurves. Upper left:�����

for the magnitude versions
of the lightcurves versus

� ���
for

the flux versions. Lower left:� ���
for the magnitude versions

versus
� ���

for the flux versions.
Right: plot of

� ���
versus

� ���
,

with crosses indicating the mag-
nitude lightcurves and cirles in-
dicating the flux lightcurves. In
the plots on the left the correla-
tions between the shape parame-
ters for the magnitude and flux
lightcurves are clear. On the
right both groups of lightcurves
cluster closely together. The off-
set of � in

� ���
is due to the

fact that low values of magnitude
correspond to high values of flux
and vice versa.

Figure 4.6 – Same as figure
4.5, but now for I-band. Similar
correlations are present, but with
more scatter.
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Figure 4.7 – R
���

versus �
���

for all variables detected in the
INT data set with periods be-
tween 1.5 and 100 days and good
light curve fit ( �������	� 
��  ).
The clump of Cepheids is visi-
ble in the lower left corner (Cep).
Certain other types of variables,
like eclipsing binaries (EV) and
RV Tauri stars (RV) can also be
identified in this plot.

and
�

( � =1.25 there is an obvious clump of variables that corresponds to classical Cepheids.
However, on the left side of the plot, running from top to bottom is a whole band of variables.
To cleanly separate the Cepheids from this background, we need to use their locus in the
period-amplitude plane as well.

To select a sample of classical Cepheids we use cuts on period, amplitude and R ( � and
�

( � . The cuts on the first two are indicated in figure 4.9 with the two diagonal dashed lines
that lie on either side of the period-amplitude relation of the Cepheids. In figure 4.7 the
cuts on R ( � and

�

( � are indicated with a box, corresponding to 0.1 � R ( � � 0.6 and 0.5 �
�

( � � 2.0, so that most of the simulated events in figure 4.5 would be included. The same
box is shown in the inset in figure 4.9. Variables included in the Cepheid sample are indicated
by filled circles in figure 4.9 and by crosses in the inset. The period-amplitude relation of
Cepheids lies on top of a background of a continuous group of variable stars with periods
ranging between 1.5 days and 100 days. Using the shapes of the lightcurves in addition to
the period-amplitude relation helps to distinguish the Cepheids from these other variables
and shows the advantage of using this information. Using only the period-amplitude relation,
851 variables are selected, using only R ( � and

�

( � , 737 are selected, and the two criteria
combined result in a sample of 611 Cepheids. Figure 4.8 shows the r

�

and i
�

lightcurves of
two of the selected variables and indeed from the lightcurve shape it is clear that these are
classical Cepheids.

In figure 4.10 the positions of the 611 selected Cepheids are plotted. Their distribution
is clearly very different from that of the light. The Cepheids are located in the in the gas-
and dust-rich ring that is observed in radio and infra-red wavelengths (e.g. Beck et al. 1998;
Haas et al. 1998). Cepheids are massive stars with masses of at least 3 or 4 times that of the
sun and up to several tens of solar masses. The majority is therefore quite young and since
most star forming regions in M31 lie in this ring, the Cepheids are preferentially found there.
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Figure 4.8 – Two examples of Cepheids.
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Figure 4.9 – Selection criteria for selecting Cepheids from the variable star catalogue. The main plot
shows the periods and amplitudes of all well-fit variables with periods between 1.5 and 100 days. The
inset shows part of the R

���
-
� ���

plot centered on the locus of the Cepheids. To be classified as a classical
Cepheid, objects should lie both between the diagonal dashed lines as well as within the dashed box.
The stars that pass both criteria are indicated with filled circles and crosses.

Cepheids therefore are tracers of the very young stellar populations.
One of the most important applications of Cepheid variables in astronomy is the use of

their period-luminosity relation to determine distances to nearby galaxies. If the relation be-
tween their period and absolute luminosity is known, measuring the periods and apparent
magnitudes of Cepheids in other galaxies yields the distance to these galaxies. From the
INT data we do not have good information about the absolute fluxes of the variable sources,
but only the difference fluxes with respect to the reference images. There is also a relation
between the periods and the amplitudes of Cepheid variables, which is clearly visible in the
period-amplitude plots. However, since the amplitudes are relative and the period-amplitude
relation of Cepheids is studied in much less detail, we will not attempt to study this relation
here. The MEGA collaboration has carried out observations with the Advanced Camera for
Surveys (ACS) and the Wide Field and Planetary Camera 2 (WFPC2) on board the Hubble
Space Telescope (HST). Using these data, it will be possible to identify the Cepheids detected
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Figure 4.10 – Sky positions of
the 611 Cepheids; the edges of
the INT fields are also indicated.
The distribution follows closely
the ring in which stars are being
formed; near the center of the
galaxy Cepheids are practically
absent.

in the INT and other data sets and determine their magnitudes. With this combined informa-
tion it will be possible to study the period-luminosity and period-amplitude relationships in
more detail.

4.3.2 Eclipsing binaries and RV Tauri stars

Another class of variables that shows brightness variations of up to 2 magnitudes and has a
very particular lightcurve shape, is the eclipsing binary. This type of variable is not a pulsating
star, but a close binary star with the plane of the orbit parallel to our line-of-sight, so that each
star eclipses the other one every orbital period. Thus, the lightcurve shows equidistant dips,
often with different depths if one of the two stars is brighter than the other. In the R ( � versus

�

( � plot these variables therefore are located in a strip at
�

( �
�

� , with the value of R ( �
depending on the difference in depth of the two dips. Indeed there are some stars seen in this
strip in figure 4.7 and the lightcurves of two of them are shown in figure 4.11. Also eclipsing
binaries are easily identified using the shape information obtained from the Fourier fit.

Spread around
!
( � =2 and with R ( ��� 1 is another distinct group of variables, of which two

examples are shown in figure 4.12. These variables are RV Tauri stars, pulsating supergiants,
believed to form a transition class between the shorter-period Cepheids and long-period Mira-
type variables. Their periods can range between 30 and 150 days and their lightcurves gen-
erally show an alternating pattern of deep and shallow minima. It should be remarked that
some RV Tauri stars show quite irregular behaviour and that the objects selected here are
examples that are rather well-behaved during the surveyed period. Without the ' ( criterium
on the Fourier fit to the lightcurve, many more RV Tauri stars presumably would be found.
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Figure 4.11 – Two examples of eclipsing binaries.
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Figure 4.12 – Two examples of RV Tauri stars.
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4.3.3 Long-Period Variables

Variable stars with long periods come in a variety of types and the demarcations between
the different kinds are often vague and somewhat arbitrary. They are divided into several
classes, the most important ones being the Mira’s, named after Mira, the first ever variable
star to be discovered, in 1596 by David Fabricius, and the semiregular variables (SRs). All
of these stars are pulsating giants, the majority on the Asymptotic Giant Branch. They are
typically of spectral type F to M and therefore much older than e.g. Cepheids. According
to the definitions used in the General Catalogue of Variable Stars (GCVS, Kholopov et al.
1999) Mira’s have amplitudes of at least 2.5 magnitudes in V and well-pronounced periods in
the range 80 to 1000 days. Semiregulars show “noticeable periodicity in their light changes,
accompanied or sometimes interrupted by various irregularities” and their periods lie in the
range from 20 to ; 2000 days with amplitudes of a few hundredths to several magnitudes.
On average, Mira’s should therefore be constrained to a shorter range in periods and have
more regular lightcurves, and higher amplitudes. However, also for Mira’s the height of the
maxima in their lightcurves can vary significantly and slow period changes are possible. The
SRs are divided into several subclasses, depending on their lightcurve behaviour and spectral
type. RV Tauri stars can also be considered to be long-period variables, as they can have
periods as high as 150 days.

With our current data set, spanning four half-year observing periods, with three half-year
gaps in between, it will be difficult to distinguish Mira’s and SRs based on regularity criteria.
In practice the most important criterion to separate the groups is the amplitude. Since we
measure difference fluxes and do not know the magnitudes of the variables in question, we
cannot distinguish between Mira’s and SRs for individual stars. However, these stars have
absolute R magnitudes of approximately -3, or an apparent magnitude at the distance of
M31 of approximately -21.5. A brightness fluctuation with an amplitude of 2 magnitudes
around this magnitude corresponds to a difference flux of @ 30 ADU/s. This means that the
variables with periods longer than about 100 days and amplitudes larger than 30 ADU/s can
be classified as Mira’s and most of the others as SRs.

The upper left panel of figure 4.13 shows the periods and amplitudes of all 20,864 variable
sources with periods between 100 and 650 days that have good phase coverage and well-fit
lightcurves. In the upper right panel of the same figure the R ( � and

!
( � values are plotted.

In both plots there is some structure visible; in the period-amplitude plot there seems to be a
diagonal band of objects near the center of the plot with lower amplitudes for higher periods,
and in the R ( � -

!
( � plot most objects cluster around R ( � @ 0.5 and

!
( � equal to � or 2 � . These

values of
!
( � correspond to zero phase difference between the first and second harmonics of

the Fourier fit (equation 4.1), i.e. lightcurves with only 1 significant maximum per periodic
cycle.

Very different lightcurve shapes can occur within both the semiregular and Mira class
(e.g. Ludendorff 1928), but apparently the majority has comparable lightcurves, as shown by
the R ( � -

!
( � plot. Both Mira’s and SRs follow a period-luminosity relation that is (in optical

bands) opposite to that of the Cepheids, in the sense that the longer the period, the fainter
the star is. The scatter in this relation is much larger than in that for the Cepheids, although
in near-infrared bands a much tighter relation is found (Glass & Evans 1981). SRs have
recently been found to lie on four parallel period-luminosity relations in the near-infrared
(Wood et al. 1999). The band of objects in the period-amplitude plot shows that a similar
relation is present between the (optical) amplitude and the period of the Mira’s and SRs. The
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Figure 4.13 – Upper left: period-amplitude plot of all 20,864 variables with periods � 100 days. The
empty strip is due to poor phase coverage caused by the observational setup of the survey. Upper right:
R
���

-
� ���

plot of all 20,864 LPVs, showing that the majority has R
���

close to 0.5 and
� ���

close to 0 or
2 � . Lower left: period-amplitude plot for the LPVs with 0.3 � R

���
� 0.6 and

� ���
� 0.3 or

� ���
� 6. This

preferably selects the stars that follow the period-amplitude relation. Lower right: period-amplitude
plot for the LPVs not selected.

most regular lightcurves will result in the most reliable shape and amplitude information, so
the objects that cluster in the R ( � -

!
( � plot should be the same as the ones that are found in the

period-amplitude relation. In the lower left panel of figure 4.13 we show the period-amplitude
plot for the variables with 0.3 � R ( � � 0.6 and

!
( � � 0.3 or

!
( � ; 6. Indeed the stars in the

period-amplitude relation are preferentially selected. The lower right panel shows the same
for the other variables, and the period-amplitude relation has practically vanished completely.

Figure 4.14 shows the lightcurves of two variables in the period-amplitude relation, one
near the short-period end and one near the long-period end. Why some of the variables se-
lected with these R ( � -

!
( � criteria have similar lightcurves but do not fall on this relation is
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Figure 4.14 – Two examples of “regular” LPVs.

not clear. A visual inspection of a random sample of the lightcurves not selected shows a
variety of objects. Some lightcurves are similar to those of the Mira’s and A-type semiregu-
lars (SRAs, quite regular SRs), since the cuts in R ( � and

!
( � are somewhat arbitrary. There
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Figure 4.15 – Period-
amplitude plot for all LPVs
in the MACHO variable star
database with periods between
100 and 1000 days. The differ-
ent symbols indicate to which
near-infrared period-luminosity
sequence (Wood et al. 1999) the
stars belong. Mira variables are
located at the high-amplitude
end of the C sequence. Note that
the amplitudes plotted here are
in magnitudes, not in flux, but
in any case there seems to be no
period-amplitude like the one
seen in the INT M31 LPVs.

are also lightcurves present with differently shaped peaks, double peaks, varying amplitudes,
changing periods. These objects probably fall in several categories including Mira’s, SRAs,
RV Tauri stars, B-type semiregulars (SRBs, very irregular SRs), and other types of semireg-
ular variables.

This relation between optical amplitude and period is not apparent from other surveys
of LPVs. The MACHO database of variable stars (Alcock et al. 2003) provides a convenient
comparison sample, as the variables in the Large Magellanic Cloud (LMC) can be assumed to
be all at the same distance and MACHO provides R-band photometry, which should be close
enough to our r

�

filter for this comparison. In figure 4.15 we plot the R-band amplitude versus
the period for the LMC LPVs in the MACHO variable star database with periods longer
than 100 days. Different symbols indicate the near-infrared period-luminosity relations the
variables fall on (Wood et al. 1999). There is no correlation that corresponds to the period-
amplitude relation we see. Perhaps this should be attributed to the factor 10 more objects we
are using for this analysis.

Investigating the period distribution of the LPVs might also give us some more informa-
tion about the nature of these objects. In figure 4.16 we show the period histograms of the
M31 LPVs, and of the semiregular and Mira variables taken from the GCVS (Kholopov et al.
1999) which are located in the Milky Way. The period histogram for all INT variables with
periods larger than 100 days is shown in panel (a), for the shape-selected sample in panel (b),
and for the rest in panel (c). Of course, the gap between 350 and 400 days is not real, but is
caused by the phase coverage problems. Panels (d) and (e) show the same for all semiregu-
lar variables and all Mira variables in the GCVS, respectively. The shape-selected sample is
strongly peaked between 200 and 300 days, which corresponds to the period range where the
period-amplitude relation is seen. The period distribution of GCVS Mira’s peaks at similar
periods, but is broader. The histogram for the other LPVs peaks at shorter periods, but has
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Figure 4.16 – Histograms
showing the period distribution
of the M31 LPVs and of Galac-
tic Mira’s and SRs, taken from
the GCVS: (a) all variables with
periods from 100-650 days; (b)
all “regular” (shape-selected)
LPVs; (c) the other “semireg-
ular” LPVs; (d) the Galactic
SRs; (e) the Galactic Mira’s.
The numbers in the upper right
corner of each panel is the
number of variables used.

Figure 4.17 – Histograms
showing the period distribution
of LMC LPVs from the MA-
CHO database: (a) all LPVs
with periods � 100 days; (b) the
LPVs in the period-luminosity
sequence B (Wood et al. 1999);
(c) the LPVs in sequence C;
(d) the LPVs in sequence D;
(e) the LPVs with amplitude�

R � �� � mag. The numbers in
the upper right corner of each
panel is the number of variables
used.
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a very slow decline and a significant number of stars has periods larger than 400 days. The
histogram for the Galactic SRs also peaks at shorter periods, but declines much more rapidly.

Figure 4.17 shows the distribution over period of the MACHO LPVs, split up in differ-
ent groups. Panel (a) is for all MACHO LPVs, (b)-(d) for the three near-infrared period-
luminosity sequences on which most variables with periods larger than 100 days are located,
and finally (e) for the LPVs with R-band amplitudes larger than 2.5 magnitudes, which we
will call the Mira’s for now. This MACHO Mira sample peaks at slightly shorter periods than
our shape-selected sample and the Galactic Mira’s and also has some very long period vari-
ables. The histograms of the different period-luminosity sequences reflect the period ranges
of these sequences.

Also these period distributions do not give a conclusive answer as to the nature of the
M31 LPVs. However, we note a few things. First, since the overall period distribution for
the M31 LPVs in panel (a) of figure 4.16 decreases at periods below 250 days, it seems that
either Mira’s or SRs from the D sequence in Wood et al. (1999) are an important part of our
sample. In the GCVS there are more Mira’s than SRs, while in the MACHO data base, Mira’s
are outnumbered by SRs by a large factor. The reason for the first effect must be that Galactic
Mira’s are much easier to detect than Galactic SRs due to their large amplitudes. The latter
effect shows, however, that SRs are far more common than Mira’s. Since we are sensitive
to flux amplitudes, our sample will be more heavily weighted towards the high amplitude
variables, i.e. Mira’s and, as shown by figure 4.15 the variables in sequence C of Wood et al.
(1999). Looking at the period histograms, a preliminary conclusion might therefore be that
the majority of our shape-selected sample are Mira’s, while a majority of the rest are SR’s
from the C sequence.

A correlation between the mean period of Mira’s and position in the Galaxy was first
noted by Ahnert (1939). Although early surveys for Mira’s were hampered by observational
selection effects (Lloyd Evans 1976), it is generally accepted that LPVs belong to different
stellar populations and that their general properties reflect differences between these popula-
tions. On average, stars with periods below 200 days belong to Population II and are found
mostly in the bulge, the halo and globular clusters. Stars with periods longer than 200 days
belong mostly to a sort of Population I and are more constrained to the disk.

An et al. (2004a) looked in considerable detail at the distribution of their LPVs within
M31 and found that the shorter period and higher amplitude (brighter) LPVs are more con-
centrated towards the center, while the longer period and smaller amplitude (fainter) LPVs
are more spread out through the galaxy. This supports the idea that the brighter, shorter pe-
riod LPVs are older and preferentially found in the bulge and that the fainter, longer period
ones are younger and mostly located in the disk. In figure 4.18 we plot the distribution of our
LPVs for four different period bins, that were chosen to give comparable numbers of stars
in each bin. Going from the shortest periods (100-200 days, panel (a)) to the longest ( ; 300
days, panel (d)) the distribution changes clearly, with the number of variables in the bulge
decreasing with increasing period. Therefore we confirm the ideas about the correlation be-
tween period and stellar population. Other features that catch the eye in figure 4.18 are the
depressions in the density of LPVs running across the northern INT field. These depressions
are at least partly responsible for the asymmetry in the distribution (figure 4.1). As also noted
by An et al. (2004a), they fall exactly on top of the dust bands that are seen in optical images
of M31 (see for example figure 4.2) and are therefore caused by extinction.
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Figure 4.18 – Positions of the detected LPVs on the sky in four bins: (a) periods 100-200 days, (b)
periods 200-250 days, (c) periods 250-300 days, (d) periods � 300 days. The number in the upper right
corner of each panel is the number of variables in the bin. The shorter the periods, the more the stars
are concentrated in the central part of the galaxy. Dust lanes show up clearly in the density of variable
stars, indicating the importance of extinction on the detectability of LPVs.
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4.3.4 Eruptive variables

Apart from periodic variable stars, there are also variable stars that show temporary outbursts
of increased luminosity, either only once or at irregular intervals. These variables are com-
monly called eruptive variables. There are several different classes of eruptive variables and
different processes that cause the eruptions. The most common class of eruptive variable stars
are the so-called cataclysmic variables (CVs), very close interacting binary systems, consist-
ing of a white dwarf and a late-type star. Matter from the late-type star is transferred to the
white dwarf and the build-up of this material on the surface of the white dwarf leads to vio-
lent eruptions. The brightest CVs are the classical novae (CNe). In these systems eruptions
with amplitudes between 6 and 19 magnitudes are caused by a thermonuclear runaway of the
accreted material on the surface of the white dwarf.

Novae are potentially useful as extragalactic distance indicators because there is a corre-
lation between their maximum luminosity and their decay rate (e.g. Hubble 1929; Arp 1956).
Because of their relatively frequent occurrence they can also be used to map the distribution
of close binary pairs in nearby galaxies. However, because of a lack of sufficient, high quality
lightcurves, it is poorly understood how the properties of CNe vary between different stel-
lar populations. The MEGA data set is a very good repository for the detection of CNe in
M31, due to the good temporal sampling during several observing seasons (August-January).
Darnley et al. (2004) performed an automated search for CNe in the first 3 years of data ob-
tained at the INT and found 20 CN candidates. A similar study using the full multi-telescope
MEGA data set would presumably be able to detect a considerably larger sample of novae.

A full search for eruptive variables or more specifically for CNe as done by Darnley et al.
(2004) is outside the scope of this chapter. Lightcurves of CNe show a large variety of be-
haviour and a complete survey is therefore not straightforward. However, the richness of the
data can be easily demonstrated. Using the period information and the microlensing fits to
the lightcurves that are used in chapter 5 for the selection of candidate microlensing events, a
very crude search for eruptive variables can be undertaken. We do this by selecting variable
sources with no significant periodicity, a very high and relatively narrow peak, and a rela-
tively blue colour. To select high peaks a � ')( criterion is used. The peak width and colour
are taken from simultaneous microlensing fits to the r

�

and i
�

lightcurves of each variable
source. Of course, the lightcurves of eruptive variables have different shapes from microlens-
ing lightcurves and the peak width and colour given by the fits will not be very accurate, but
for this purpose they are useful indications.

Using � '�( ; 5000, r
�

-i
�

� 0.25, and ��������� � 100 days we retrieve 19 objects from the
4-year INT data set, listed in table 4.2. This sample includes 7 CN candidates from Darnley
et al. (2004), 2 more known CN, 1 known X-ray source, and a candidate microlensing event
found by Belokurov et al. (2005). The X-ray source has an optical lightcurve very similar to
that of a CN. The candidate microlensing event will be discussed in more detail in chapter
5, section 5.5.2, but this source can also be explained as being a CN. Of the remaining 8
unknown sources, 5 have lightcurve shapes and/or chromatic behaviour that strongly suggests
that these are CNe. For 1 source we only have 3 data points during the peak and thefore
this source is impossible to classify. Two sources are possibly microlensing events, namely
MEGA J004428.3+413233 and MEGA J004220.3+405031. The first is fitted very well with
a standard microlensing lightcurve and shows no significant colour evolution, but since we
only have data on the rising side of the peak, it is difficult to ascertain the nature of this source.
MEGA J004220.3+405031 has an interesting lightcurve with a group of points around day



82
C

H
A

P
T

E
R

4:
V

ariable
stars

in
M

31

Table 4.2 – List of selected EV candidates. For previously known sources the other identifiers and the classification are given. In italics
we give our most viable classifications for sources of which the nature is uncertain.

MEGA name RA DEC Identifier Classification
(J2000) (J2000)

MEGA J004202.4+405434 0:42:02.4 40:54:34 candidate 1 from Belokurov et al. (2005) microlensing / nova
MEGA J004220.3+405031 0:42:20.3 40:50:31 - binary microlensing / nova
MEGA J004230.9+410613 0:42:30.9 41:06:13 [HKF2002] J004230.9+410613

�

nova
MEGA J004234.7+411813 0:42:34.7 41:18:13 [OBT2001]3

�

nova
MEGA J004246.1+405335 0:42:46.1 40:53:35 PACN-99-04

�

nova
MEGA J004257.1+410716 0:42:57.1 41:07:16 PACN-00-06, [DFG2000] J004257+410716

�
�

�

nova
MEGA J004302.8+413207 0:43:02.8 41:32:07 - nova
MEGA J004305.2+411908 0:43:05.2 41:19:08 - nova
MEGA J004308.6+412915 0:43:08.6 41:29:15 PACN-99-05

�

nova
MEGA J004310.6+411758 0:43:10.6 41:17:58 PACN-01-03

�

nova
MEGA J004315.8+412305 0:43:15.8 41:23:05 PACN-99-06

�

nova
MEGA J004318.6+410949 0:43:18.6 41:09:49 CXOM31 J004318.5+410950

�

X-ray source / nova
MEGA J004327.1+412410 0:43:27.1 41:24:10 PACN-99-01

�

nova
MEGA J004344.6+412658 0:43:44.6 41:26:58 - nova
MEGA J004347.4+414650 0:43:47.4 41:46:50 - ? too few points
MEGA J004400.6+414528 0:44:00.6 41:45:28 - nova
MEGA J004428.3+413233 0:44:28.3 41:32:33 - microlensing / variable
MEGA J004433.2+413607 0:44:33.2 41:36:07 - nova
MEGA J004439.2+414432 0:44:39.2 41:44:32 PACN-99-02

�

nova

�

Hornoch et al. (2002);

�

Fiaschi et al. (2002);
�

Darnley et al. (2004);

�

Donato et al. (2000);

�

Kaaret (2002)
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Figure 4.19 – Three examples of classical novae (CN). Upper panel: [HKF2002] J004230.9+410613,
the brightest in our sample of 19 sources. Middle panel: PACN-99-02. Lower panel: PACN-00-05. The
upper two CNe have very similar lightcurve shapes and colour evolution, that is typical of the majority
of CNe. Note that the colour changes very rapidly around the time of the maximum, but remains almost
constant after 10 to 15 days. PACN-00-05 shows different lightcurve and colour behaviour, a sign of
the wide variety in which CNe come.
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Figure 4.20 – Upper panel: MEGA J004305.2+411908; colour evolution and lightcurve shape simi-
lar to typical CN, but the maximum is lying in between the second and third observing season. Middle
panel: MEGA J004400.6+414528; CN-like lightcurve with multiple bursts. Note how the source be-
comes redder during the second burst, just like CNe do during the principle maximum. Lower panel:
MEGA J004302.8+413207; another source with the typical CN lightcurve shape.
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Figure 4.21 – Upper panel: MEGA J004344.6+412658; CN-like lightcurve with second burst.
This source is fainter and redder than the other CNe, which might be caused by extinction. Mid-
dle panel: MEGA J004433.2+413607; another CN with a secondary burst. Lower panel: MEGA
J004347.4+414650; this could be a CN, but the poor peak coverage prevents a proper classification.



86 CHAPTER 4: Variable stars in M31

Figure 4.22 – Upper panel: MEGA J004428.3+413233; the rise of this lightcurve seems too shallow
for a CN, while it is well-fit by a microlensing model. The deviating point is a problem though and
might have to be explained by a multiple lens. Lower panel: MEGA J004220.3+405031; this might be
another CN, but since the group of points around day 1240 is fit perfectly by a microlensing lightcurve,
it is tempting to think about a binary microlensing nature.

1240 that is fitted very well with a standard microlensing shape and is also consistent with
being achromatic; around day 1207 there are a few points at very high fluxes. This source
might be just another CN, but it is possible that it is a binary microlensing event. In figure
4.19 we show the r

�

lightcurves and i
�

/r
�

colour evolution in the peak for 3 CN in the sample.
In figures 4.20 through 4.22 we show the same for unknown sources.
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4.4 Implications for the distribution of microlensing sources

An important assumption that has been made in most microlensing event rate calculations
for M31, is that the source population is distributed smoothly and (axi)symmetrically in the
galaxy. If this is the case, there will be equal numbers of source stars available at the far
side of the disk and on the near side of the disk. Since the microlensing optical depth due
to a microlensing halo is higher towards the far side of the disk, this would translate to a
higher microlensing event rate on the far side. Under these assumptions an asymmetry in
the distribution of microlensing events would be a sign of microlensing by the M31 halo.
Of course, this kind of asymmetry in the microlensing event rate could also be produced if
the density of source stars is higher on the far side compared to the near side. Although
there is no reason to assume that the stellar populations in M31 would deviate strongly from
axisymmetry, it is of the utmost importance for the credibility of the microlensing surveys in
M31 to check any indications there might be for other sources of an asymmetric microlensing
signal. Variable stars of different types can be used to trace different stellar populations, and
the database of variable stars produced by our microlensing survey can therefore be used to
study the distribution of the underlying stellar populations.

Burgos & Wald-Doghramadjian (2002) were the first to notice that the distribution of
variable stars was not symmetric. Using 3 seasons of INT data, they found that the number
of variable stars in symmetrically placed fields on the near and far side of the disk were
not the same. Later An et al. (2004a) studied the variable star distribution in M31 in much
more detail and found that both the variable stars and the resolved stars in M31 seem to be
distributed asymmetrically (figure 4.1). Moreover, this asymmetry goes in the same direction
as the asymmetry that would be induced in the microlensing event rate by lenses in the M31
halo, that is with more variables on the far side of the disk. If the variable and resolved
stars show this asymmetry, the microlensing source population can be expected to behave
similarly, thereby inducing an asymmetric microlensing event rate even in the absence of a
microlensing halo.

The stars most likely to serve as sources for microlensing events are red giant branch
(RGB) stars, due to the combination of their high luminosity and relatively high abundance.
LPVs are mostly stars on the RGB or asymptotic giant branch (AGB) and like RGB stars can
have widely differing ages and belong to different stellar population. For example, Cepheids
are all very young stars and they are located in or close to star-forming regions, as shown
by figure 4.10, but the distribution of LPVs, shown in figure 4.18, is much smoother over
the galaxy. Of all types of variable stars the LPVs are therefore the best tracers for the
microlensing source population.

From the positions of the LPVs in our fields (figure 4.18) it is indeed clear that the number
of detected variables is larger on the far side than on the near side. This is mainly due to the
depressions in the surface density running diagonally through the northern field. Since these
depressions coincide with the two prominent dust lanes on the near side of M31, it seems
that extinction is the reason for this difference in variable star density, as was also pointed
out by An et al. (2004a). In figure 4.23 we plot the surface density of LPVs along three
lines running symmetrically through the galaxy. Surface densities are plotted as function of
distance from the center, with full circles for the near side and open circles for the far side.
The approximate location of the inner dust lane and the onset of the outer dust lane are also
indicated. Especially the inner dust lane causes a clear dip in the surface density on the near
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Figure 4.23 – Surface density of LPVs versus distance from the center along three lines symmetrically
placed over the far and near side of M31. In the upper panel the line is close to the minor axis, in the
lower panel close to the major axis and in the middle panel in between the two. Full circles are for the
near side, open circles for the far side of the disk. The vertical bars at the top of each panel indicate
the center of the inner dust lane and the start of the outer dust lane, of which the outer edge is not
well-defined.

side. In the upper and middle panel, the outer dust lane also seems to suppress the density of
LPVs on the near side with respect to the far side. However, in between the dust lanes and
at large radii, where the effect of the outer dust lane is much weaker, there is no significant
difference in the density of LPVs between the two sides. This is a sign that the effect of
extinction is the dominant, perhaps the only, reason for the asymmetry in the distribution of
the LPVs.

Although the intrinsic distribution of LPVs can be assumed to be symmetric in M31, a
large fraction of them is made fainter or possibly completely invisible due to extinction. Of
course, the same will happen to the microlensing source population, so that the number of
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observed microlensing events on the near side will be reduced because of extinction. Theo-
retical calculations of microlensing event rates (e.g. Baltz et al. 2003) have not taken this into
account so far, so that the near-far asymmetries that they predict are too small. When inter-
preting microlensing results in M31, the effect of differential extinction will have to be taken
into account in some way. One possible way of doing this would be to take the asymmetry ob-
served in the variable stars as a benchmark and compare any asymmetry in the microlensing
distribution to that. This approach was used in chapter 3 of this thesis, although the moti-
vation at the time was that the number of detected variables could serve as a measure of the
detection efficiency. In our analysis of the microlensing sample of the full 4-year INT data
set in chapter 5 we will use an extinction model for M31 and attempt to take the extinction
properly into account when predicting the event rates for our survey.

4.5 Conclusions
The study of variable stars is a very important and promising by-product of the microlensing
surveys in M31. With the INT data alone, tens of thousands of variable stars have been
detected in this work, and by An et al. (2004a). This will enable us not only to increase
our knowledge about variable stars, stellar populations and the structure of M31, but also
turns out to be of key importance for the correct interpretation of the microlensing results
themselves. Using the complete data set that MEGA has obtained, including data that is
much more sensitive than the INT data, the number of detected variables will likely be even
an order of magnitude larger.

In this chapter we have identified a number of specific classes of variable stars, based on
the periods, amplitudes and shapes of their lightcurves. We have shown that for variables with
variation amplitudes up to @ 2 magnitudes, the shapes of our difference flux lightcurves can
be used for identification purposes in the same way as for traditional magnitude lightcurves
and used this to select classical Cepheids, eclipsing binaries, and RV Tauri stars. Our sample
of long-period-variables (LPVs) shows a period-amplitude relation that corresponds to the
long-known period-luminosity relation for Mira variables. More work is needed to determine
the exact nature and classification of the LPVs detected in this survey. A very simple search
for cataclysmic variable lightcurves results in a sample containing several known classical
novae, as well as some new candidates.

The spatial distribution of the LPVs shows the same characteristics as seen by An et al.
(2004a). Differences in their distribution confirm the idea that shorter period LPVs belong
to older (population II) stellar populations and longer period LPVs to younger (population
I) populations. Extinction effects strongly affect the number of detected LPVs on the near
side of M31, causing the asymmetric distribution described by An et al. (2004a). The fact
that the density of LPVs in between the near-side dust-lanes is similar to the density on the
far side indicates that the intrinsic distribution is symmetric. Since LPVs are good tracers for
the microlensing source population, the same can be assumed for the microlensing sources.
This means that when taking extinction into account in the right way, the distribution of
microlensing events may still be used to constrain the significance of microlensing by the
M31 halo. This illustrates the importance of taking the effect of extinction into account.



90


