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Abstract. Pysca, a Python software package for automated extraction of frequencies, ampli-
tudes and phases from non-equally sampled photometric time series, is presented.
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1. Overview

Pysca is a software package that allows automated extraction of frequencies, amplitudes
and phases from non-equally sampled photometric time series. Suited mainly for heat-
driven pulsators, it can be regarded as an automated and more focused alternative to the
feature rich and interactive Period04 (Lenz & Breger 2005). The use of Pysca is especially
convenient when dealing with long time series of high signal-to-noise photometry, (e.g.
as provided by the Kepler space telescope) where many frequencies are present in the
data and the manual extraction can become very time consuming.

Pysca extracts frequencies by identifying the highest peaks in the Lomb-Scargle pe-
riodogram and fitting the time series with a superposition of harmonic functions of the
corresponding frequencies. It is implemented as an iterative algorithm where the time
series is progressively prewhitened up to a user defined termination condition. The signal-
to-noise ratio is calculated for every frequency as a statistical measure of significance.

2. Algorithm

A schematic overview of the different steps involved in the frequency extraction process
is shown in Fig. 1. The first step is to find the frequency of the highest peak in the Lomb-
Scargle periodogram (LSP), which is calculated using the method described in Press &
Rybicki (1989). The accuracy of the peak frequency is improved by applying a parabolic
interpolation using 3 points. Next, the amplitudes A; and phases ¢; of the new frequency
and of all extracted frequencies v; from previous iterations are (re-)determined by fitting
a model function of superimposed harmonic functions,

(A, disvi) = ZAz sin 27 (vit + ¢i)]

to the original time series with fixed values of ;. The original time series is then
prewhitened using f(A;, ¢;;v;) and a new LSP is computed where, due to the prewhiten-
ing, the peaks and sidelobes of all already handled modes are removed. The noise level
at the peak positions is determined using the median of the data in neighborhood of v;
from the “cleaned” periodogram and the signal-to-noise ratio is calculated using the A;.
After that the next iteration starts by finding the highest peak in the new LSP from
which all previous peaks were removed. An example of the prewhitening performance is
shown in Fig. 2.
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Figure 1. Steps of the frequency extraction procedure.

KIC 6443122, short cadence

e

1400F
€ 1200}
£ 1000}
800}
600}
400}
200}

pm]

Amplitude

1400F
1200f
1000f
800
600
4001
2001
0

Amplitude [ppm]

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Frequency [d™!'] Frequency [d™!]

Figure 2. Peak extraction example for data obtained with the Kepler space telescope. The
upper left panel shows a selected part of the original periodogram. The remaining three panels
show the prewhitened periodograms (black) after peak extraction. The original peaks that were
removed in this process are shown in gray.

3. Software package

Pysca is available via the Python Package Index (Herzberg & Glogowski 2013). The
software package consists of a Python library and a ready-to-use command-line exe-
cutable. The command-line program can be used to read in photometric time series from
a file (supported are FITS files and plain text files) and to extract peak frequencies as
well as the corresponding amplitudes and phases. The number of automatically extracted
frequencies can be controlled by the various parameters. For developers it is also possible
to use the library directly in order to create customized scripts for frequency extraction
or incorporate Pysca into other Python programs.
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