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Distance Determination to Variable Stars from Their Light Echoes

ZHAOQO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Scattered-light echoes from variable objects, such as cepheids, eruptive variables,
and supernovae, may be used for absolute distance determination to variable stars and their host
galaxies. This method of distance determination does not depend on other indicators or detailed

theoretical models.
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There are three different techniques for distance determination to variables: (1) If a cepheid
variable star is embedded in a circumstaller nebula, the nebula will be observable due to reflect
light, light echoes, from the star. The intensity of the light echoes from the nebula would regularly
change when the luminosity of the cepheid varies, but with a time delay. Based on the time delay
effect of the light echoes, the distance of the cepheid can be directly determined. (2) Assuming
that the light echoes are coming from circumstellar scattering medium of an eruptive variable
star such as supernova, a circle of highly polarized light would be observable at a metric radius
of ct, where t is the time since the eruptive event and c is the speed of light. Measurement of
the angular size of this ring yields the distance to the star without any intermediate or secondary
calibrators. (3) If one can measure the proper motion of polarized light echoes at more than one
epoch from a transient or highly variable source of illumination, such as historical supernova,
the distance to the supernova follows immediately. Although this approach is technically more
difficult than (2), in principle, it is far more applicable, because it is not necessary to know the
time when the outburst event happened.

In 1972, the distance to the Galactic cepheid RS Puppis with long period of light variation
was determined from the technique (1) and observational data of ground-based telescopes, which
is (1.78 £0.20) kpc. Recently, the distance to RS Puppis has been modified to be (1.99240.028)
kpc on the basis of HST data, which is in good agreement with results gained from the IRSB
method, a relative distance estimator.

V838 Mon, a highly peculiar variable star, was discovered in outburst on 2002 January 6,
and the light echo from the star was observed very soon. In the same year the distance to the
variable star was estimated to be (0.6—0.8) kpc by the technique (2) and data obtained from
ground-based telescopes. In following years, with HST polarized data becoming available and
the observational time baseline being longer, the distance to V838 Mon was updated to be (6.1+
0.6) kpc, which is in very good agreement with (6.2 4+ 1.2) kpc determined by the main sequence
fitting.

SN 1991T was discovered in the Virgo spiral NGC 4527 on 1991 April 13, and reached a
maximum brightness of my = 11.5 mag 16 days later. In 1994, the light echo from circumstellar
material was noted, which was confirmed by HST polarized data in 1999. Based on the HST
data, an upper limit of distance to SN 1991T was estimated to be 15 Mpc, which is in fairly
agreement with distances of two galaxies near NGC 4527.

Besides what mentioned above, some issues on absolute distance determination to variable

objects including AGNs from their light echoes are briefly discussed.

Key words: cepheid variable star; interstellar cloud; light echo; distance determination



