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Abstract The results of photometric and spectroscopic monitoring of FR Cnc re-
ported a tricky nature. We carried out several observations at different observatories
in India, Russia, Ukraine and Spain during several years to characterize and discover
the source of its radial velocity (RV) variations. After discard a binary nature in first
instance due to its high level of activity, further detailed and complete study lead as
to still take into account the presence of a stellar companion possibility. We present
here the study of this star and preliminary conclusions about its real nature.

1 Observations

We obtained high and low resolution spectroscopic observations of FR Cnc in three
observing runs: March-April 2004, using the Fibre Optics Cassegrain Echelle Spec-
trograph (FOCES) ([13]) in the 2.2 m. telescope at the German Spanish Astronom-
ical Observatory (CAHA) (Almeria, Spain). April 2004 using the Himalaya Faint
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Object Spectrograph And Camera (HFOSC) in the 2.2 m telescope of The Indian
Astronomical Observatory (Hanle, India). And March 2008, using The Fibre-fed
Echelle Spectrograph (FIES) in the 2.56 m. Nordic Optical telescope (NOT) at the
Roque de los Muchachos Observatory (La Palma, Spain).

We obtained the photometry at CrAO (Crimean Astrophysical Observatory,
UKRAINE) on November 2006, with a 38-cm Cassegrain telescope and SBIG ST-9
CCD camera, as well as in Terskol Observatory (Terskol, RUSSIA) in March 2007
and February 2008, using 0.29-m telescope and Apogee-47 Alta CCD camera.

2 Chromospheric activity indicators

Classified as a K8V in Simbad and as a K5V by [11] in a detailed photometric study
(with a Teg=42501+250 and logg=4.50+0.5), we used our high resolution echelle
spectra to derive a K7V spectral type, and a rotational velocity of ~ 35 km/s (See
e.g. [2], [3] and [9] for used technique). So it is expected to show activity features.

We determined the chromospheric contribution of different activity indicators
by using the spectral subtraction technique, see e.g. [9]. We measured and aver-
age value of absolute superficial flux log Fs(Ha)= 6.5 and log Fs(Ca 11 IRT) = 6.2.
Examples of the profiles of the Ha and Ca 11 IRT (8498, 8542 A) lines are plot-
ted in Fig. 1. Ha line is always in emission above the continuum in the observed
spectra. Absorption of the three, HB, Hy and Hé lines filled-in with emission are
seen too, sometimes with emission above the continuum. Also, a clear emission fill-
ing the absorption line is observed in the core of the Ca I1 IRT absorption lines. To
study the origin of the emission lines, we used two known relations between Balmer
lines ([6]) and between Ca 11 IRT lines ([1]). We obtained that Balmer lines comes
from prominences-like structures above the stellar surface, while Ca 11 IRT emission
arises from plage-like regions at the stellar surface.

3 Photometry

First photometry allows us to detect a flare in FR Cnc on 23 November 2006 with a
total duration of about 41 minutes. The flare had a maximum amplitude of 1”*.02 in
the B band. Noteworthy, in 8 minutes after the flare’s maximum a notable “spike”
was observed in B and V bands (in other bands the amplitude was probably too low)
during the brightness decline. It is remarkable that FR Cnc remained to be about
0.05 brighter for at least an hour after the flare began comparing with brightness
before flare. Following [7], we calculated the intensity and absolute energy output
the flare, for details see [5]. Further photometry follows up allow us to obtain a light
curve, see Fig. 2. As could be clearly seen, one-humped 0.”17 variations with the
rotational period are clearly distinguishable. No further flares were detected (2007
and 2008 follow up) that could imply that flares is a rare event for FR Cnc.
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4 Line bisector analysis

FR Cnc is a very active star (Sect. 2.), so it is expected that activity features produce
rotational modulation of light from its surface as well as produce RV variations
(see Fig. 2). To study spectroscopic variations produced by spots we used bisector
techniques. The relationship of bisectors of the cross-correlation function (CCF) and
RV is a powerful method to discriminate if the RV variation is due to stellar activity,
light contamination from an unseen stellar companion or dynamical motion of a
star-planet system ([14], [9]). The CCF determined was limited to regions ranging
from 6300 to 6465 A and 6670 to 6760 A, which includes lines commonly used in
Doppler imaging. We calculated the bisector for the CCF and to quantify its changes,
the bisector inverse slope (BIS) was computed (defined as the difference between
average values of the top and the bottom zones of the bisector). First results showed
that the RV variations could be due to changes in profile lines caused by the presence
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Fig. 2 Left: Light curve folded with rotational period (0.8267d) for 2008 season. Right: RV folded
with the rotational period.
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of spots [15]. However, the clear correlation between RV and the BIS, with positive
slope, suggests that a possible stellar companion could explain the RV variation.

5 Summary

FR Cnc is a very young (35-55 Myr), fast rotator (vsini = 35.58 km/s) K7V chro-
mospherically active star. Here we found spectroscopic and photometric evidences
of spots as well as prominence-like structures (inferred from the chromospheric ac-
tivity indicators).

It is not a flaring star although we detected a large optical flare in BV RI bands
on 23 November 2006. But during quiescence state (in 2007 and 2008), we detected
0.”17 brightness modulations with rotational in B-band.

We found variations in RV, that could come from the activity features, but also
from a companion. We have found a RV variations correlated with the rotational
period and with line asymmetries quantified with the line bisectors.

Further bisector and photometry studies are actually on going to help us to finally
discriminate the source of the RV variation and clarify the real nature of FR Cnc.
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