
Exploring the Formation and Evolution of Planetary Systems
Proceedings IAU Symposium No. 299, 2013
M. Booth, B. C. Matthews & J. R. Graham, eds.

c© International Astronomical Union 2013
doi:10.1017/S1743921313008387

Variability of CHXR 20: accretion,
extinction, spots or a companion?

Taisiya G. Kopytova1,2 Viki Joergens1,3, Aurora Sicilia-Aguilar4,
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Abstract. We study the photometric variability of a pre-main sequence star (K6, 0.9M�)
CHXR 20. We test several scenarios for the variability including variable accretion, variable
extinction, cool and hot spots on the stellar surface and the presence of a potential companion.
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1. Introduction
CHXR 20 (K6, Luhman 2004, 2007; 0.9 M�, based on models by Siess et al. 2000) is

a pre-main sequence member of the Chameleon I dark cloud. Its SED shows an infrared
excess (Luhman et al. 2008) pointing to the presence of a circumstellar disk. Lawson &
Crause (2009) report a V-band variability of CHXR 20 suggesting that it is a candidate
for an eclipsing binary system with an orbital period of 7.7 days.

In this work, we study the variability of CHXR 20 using available 2MASS (Cutri et al.
2003), WISE (Wright et al. 2010) and Spitzer (Luhman et al. 2008) data, and additionally,
our own observations obtained with WFI and FEROS at the 2.2m telescope in La Silla,
Chile.

2. Observations
The Ic -band lightcurve obtained with WFI has a quasi-periodic character. The period

search analysis determines a period of the variations of 7.0 days, which is consistent with
the study of Lawson & Crause (2009).

Available JHKs data from 2MASS point to the strong variability in the near-infrared,
though the mid-infrared fluxes (3.6, 4.5, 5.8, 8.0, 24.0 μm, Spitzer; 3.4, 4.6, 12, 22.0 μm,
WISE) do not change significantly (Fig. 1).

High-resolution FEROS spectra show activity indicators: Ca II infrared lines and a
highly variable Hα feature. The amplitude of radial velocity variations is 3.4 km s−1 ,
though the available data (eight observational epochs) does not allow us to conclude if
these variations are periodic or not.
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Figure 1. The spectral energy distribution of CHXR 20. The dashed line is a model photosphere.
The disk modeling (solid line) with RADMC points to the presence of an inner gap in the disk.

3. Discussion and conclusions
Using the relation between color and magnitudes in the near-infrared, we notice that

CHXR 20 gets redder when fainter. This allows us to exclude variable accretion from
the potential sources of the photometric variability. On the other hand, the same color-
magnitude relation is consistent with the reddening vector for CHXR 20 which was
calculated following Cardelli et al. (1989). The latter favors the variable extinction origin
of the near-infrared variability of CHXR 20.

Using the method proposed by Carpenter et al. (2001), we estimate that cool spots
would not cause any photometric variability. However, hot spots with temperature 9000–
10000 K covering 20–30% of the stellar surface could cause the variability in the optical
but not in the near-infrared.

The SED modeling using RADMC (Dullemond & Domonik 2004) suggests a possibility
of the presence of an inner gap in the disk (Fig. 1). Given the radial velocity variations of
3.4 km s−1 and the period of photometric variability of 7 days, we tentatively suggest that
the gap could be cleared-out by a companion with the mass of 15 MJ up at a maximum
separation of ∼ 0.1 AU. The presence of the companion would also explain the observed
photometric variability.
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