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Abstract 
Long-term visual light curves are currently the most comprehensive record of 
variable star histories on long timescales, and are a potential means of exploring 
variability times of years to decades. Visual data are capable of describing the 
gross features well, but the heterogeneity of observers and comparison star 
sequences raise questions as to how much fine detail visual data are capable of 
revealing about variable sources. This is a critical issue for our current study of 
red noise in long period variables. Red noise, an excess of power at low 
temporal frequencies, is observed in a number of astrophysical variable sources 
including variable stars, and our study of red noise in long-period variables 
suggests this signal originates from the stars themselves. Two key questions to 
be answered are: how can the noise be best quantified?, and what does it 
physically represent? In this poster, we present a discussion of what low-
frequency behavior is seen in visual light curves from the American Association 
of Variable Star Observers (AAVSO), and whether such signals are intrinsic to 
the astrophysical targets or are related in some way to the statistical properties of 
the observations. 

N(stars) T(span,avg) P(days,min) P(days, max) Ampl(mag, 
min) 

Ampl(mag, 
max) 

N(pts, avg) 

M-type 275 111y 105.20 545.26 3.7 10.6 10169 

S-type 29 124y 178.01 616.95 5.8 10.8 15169 

C-type 24 109y 252.85 484.58 5.9 7.4 12248 

Table 1: Overall sample of Mira variable light curves studied in this project.  
The M and K-spectral type Miras dominate the sample, with much smaller 
numbers of S- and C-type Miras available. The M-types span the full range of 
periods and amplitudes seen in the Miras, while the S- and C-type samples lack 
the shortest-period and lowest-amplitude stars. 

Figure 2: Typical Fourier spectrum of a Mira variable, in this case, R 
Horologium (P = 407 days; amplitude = 6.6 mag).  After computing each 
spectrum and removing bands around the primary pulsation frequency and its 
harmonics, we bin the filtered spectra into logarithmic frequency bins of 0.1-dex 
and extract the power law slope and zero point with a linear fit. 

Introduction 
Red noise, incoherent variations that exhibit stronger power at lower 
frequencies, are observed in a number of astrophysical phenomena.  (See Kiss, 
Szabo, & Bedding 2006, and Templeton & Karovska 2009 for examples in AGB 
and supergiant stars; see Uttley, McHardy, & Papadakis (2002) and Rothschild 
et al. (2011) for examples from AGN.  This noise manifests itself in 
observational data as a power-law underlying any periodic signals.  The 
character of this noise seems to have broadly similar properties for variability in 
different types of object but there is no clear pattern in the character of red noise 
as a function of other properties (e.g. spectral type, pulsation period, or other 
stellar characteristics).  Our aim in this study is to explore the parameter space 
of both stellar properties and data properties, and determine whether any of 
these relate to the observed power law spectra in Mira variables, or any other 
class of variable star for which the AAVSO has visual data.  We discuss the 
power spectral properties of large samples of Mira variables from the AAVSO 
International Database, along with smaller samples of other variable star classes. 

Figure 3: Example power density spectra (black points) and power law fits (red 
lines) for a random selection of M-type Miras in our sample. Our method of 
computing spectra and making fits is based upon that of the earlier study of 
supergiants by Kiss, Szabo, & Bedding (2006; MNRAS 372, 1721).  Spectra 
were fit for frequencies between log f = -3.0 (P=1000d) and log f = -1.5 
(P=31.6d). 

Figure 4: Relations between period, power spectral slope (alpha), power density 
(@ P=100d), and pulsation range in magnitudes for the 328 stars in Table 1: K- 
and M-type Miras, blue points; S-type Miras, green points; C-type Miras, red 
points.   

Figure 7: The power density spectra and resulting fits for a sample of RV Tauri 
variables of subclasses RVA and RVB.  These stars generally exhibit shallower 
or inverted power law fits over the same fitting range with lower noise power 
density at P=100d.  The fact that these stars show markedly different noise 
spectra than both the Miras and semiregulars may be a function of their (very) 
different physical properties 

Figure 5: Power spectral index (alpha) versus power density at period = 100 
days for the sample of Miras shown in Figure 3.	  

Figure 6: Example power density spectra (black points) and power law fits (red 
lines) for semiregular SRa-type variables in our sample.  Our analysis method 
was identical for the SRa stars as for the Miras (Figure 3), and both were 
analyzed together using the same codes and input parameters. 

Results for Mira variables 
For the Mira variables, little or no correlation was seen between the 
parameters of the spectral fits, either slope of the power law or the power 
density of the noise at P=100 days, and the pulsation periods of the stars.  
All Pearson |r| correlation parameters were found to be less than 0.25 for a 
sample of over 300, indicating weak or no correlation.  See Figure 4 for 
comparisons of all parameters.  
 
We did see a moderate negative correlation (r = -0.5) between the pulsation 
period and the pulsation range of the star, but this relation is already known – 
longer period Mira variables tend to have higher photometric amplitudes.  We 
subsequently found a correlation of r=+0.5 between the pulsation range and the 
power density.  Since the signal from the pulsation is mostly filtered out of the 
spectral fits, this suggests that the underlying noise power is larger for larger 
amplitude stars. 
 
As a final test of physical relationships, we checked whether cycle-to-cycle 
variation in maxima correlate with the noise spectral parameters (Figure 5).  
We used the standard deviation of cycle maxima as recorded in the AAVSO 
Maxima and Minima of Long Period Variables, 1900-2008 (Waagen et al. 2013).  
We found weak or no correlation between the power law slope and stdev(max) (r 
= -0.22), but slightly stronger correlation between power density (P@100d) and 
stdev(max) (r = +0.34). 
 
Finally, we checked whether any parameters might correlate with a data-related 
parameter, such as data span.  There were minimal or no correlations between 
data span (measured in days) and either of the power law slope or power density.  
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Figure 1: Visual light curve of R Horologium from 1893 to 2012, as recorded by 
observers from several variable star organizations world-wide, primarily the 
RASNZ, BAAVSS, and AAVSO.  These data and those for many other variable 
stars are available through the AAVSO website. 

Figure 8: Relations between period, power spectral slope (alpha), power density 
(@P=100d), and pulsation range for semiregular (SRa) and RV Tauri (RVA/B) 
variables from the AAVSO database.  Compare with Figure 4. 

Remaining questions 
  Do the Mira variables universally show a turnover in spectrum at 

low frequencies, and if so, why? 
  Are there systematics in spectral properties across larger classes, 

e.g. comparing Miras and RV Tauri or Cepheid variables? 
  What is the physical origin of the red noise, and can it provide 

physical insight into (for example) convection or pulsation? 
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