O-C diagrams basics

Most variable stars change its brightness over a cycle. O-C diagrams compare the actual timing of
an event (e.g. the mid-point of an eclipse or a pulsation cycle peak ) to the moment we expect this
event is occurred in a case of constant periodicity. These period variations are usually delicate. By
building Observed-minus-Calculated (O-C) diagrams one can measure very subtle changes in the
period happening with the star.

O-C diagrams is a powerful diagnostic tool in the natural sciences. Basic period analysis consists of finding
a reliable ephemeris of the main periodic variation and modelling of the first order effects. The basic
mechanisms of the periodic or nearly periodic stellar variability are the rotation of an anisotropically radiating
star, the orbital motions of components in stellar systems, and pulsations or oscillations of various kinds
(MikulaSek et al., 2011).
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The appearance of an O-C diagram is strongly dependent on the ephemeris formula used to construct it.
Traditional analysis ways of an O-C diagram use basic method listed below (Batten, 1973; Tsessevich, 1973).

1) alinear approximation, where the time of the primary minimum is given by a linear relation:
Minl =tg + Fypp % &
2) a quadratic least square fitting, which uses the average period value over the elapsed time interval (P):

(0
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3) which is sometimes combined with a sinusoidal periodic variation.
Minl = ty+ PE+1/2dP[dt) PE +asin(2aE [P, +)

There were three new ways of O-C
diagram treatment proposed in the mid-90s:

m the higher order polynomial method
(HOP), or the first continuous method
(Kalimeris et al., 1994);

m the state-space statistical model
(SSM), proposed by (Koen, 1996);

m the second continuous method
(Jetsu et al., 1997).

For methods detail, please refer to the
following paper: “The (O-C) Diagrams of
Eclipsing Binaries: Traditional and New Ways
of Treatment” (Rovithis-Livaniou, 2001).
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To get even more information on methods
for O-C diagrams and errors accounting, please
follow the publication: “The O-C Diagram: Basic
Procedures” (Sterken, 2005).

Useful links and web sources:

O-C diagrams for a selection of Mira stars,
with the observations data table behind it
(compiled by Thomas Karlsson).

http://var.astronet.se/mirainfooc.php
http://var.astronet.se/mirainfoper.php

An Atlas of O-C diagrams of Eclipsing Binary
http://www.as.up.krakow.pl/o-c/

Eclipsing Binaries Minima Database
http://www.oa.uj.edu.pl/kit/krttk_dn.html

Kepler Eclipsing Binary Catalog
http://keplerebs.villanova.edu/

3400 O-C files of Eclipsing Binaries
(compiled by Bob Nelson)

http://www.aavso.org/bob-nelsons-o-c-files

Photoelectric Minima of some
Eclipsing Binary Stars
(compiled by Tom Krajci)

http://www.konkoly.hu/cgi-bin/IBVS?5690
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The O-C diagram of FZ Ori (upper part), where the solid

line represents the theoretical LITE variation caused by a

3rd body and the O-C residuals obtained after the

subtraction of LITE (lower part). For details, please refer

to (Zasche, Liakos et al., 2009)
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