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Abstract. Photometric data, covering a span of two and a half years, have
been analysed for the chromospherically active giant star HD 86005. It was
found to undergo light variations and a photometric period of 89.0 ± 0.3
days was determined. Evidence suggests that these brightness variations are
due to the rotation of unevenly distributed starspots.
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1. Introduction
HD 86005 has been observed at the Mt John University Observatory over a period of
two and a half years as part of an extended photometric observation programme of
possible active chromosphere stars. It was initially selected for observation due to the
presence of several features characteristic of chromospheric activity, and was chosen
for analysis because of the clear variability found in its photometric data.
The Michigan Spectral Catalogue (Houk 1975) lists it as spectral type K2 IIIp where
the p indicates weak Ca II Η and Κ line core emission. Bopp and Hearnshaw (1983)
detected Hα emission above the continuum and Verma et al. (1983) measured a high
infrared excess, which could partly be attributed to the presence of starspots. However,
no radio emission was reported by Mutel & Lestrade (1985).
UBV photometric studies have been carried out by Grenier (1974) on one night, and
by Bopp et al. (1986) over a period of nine nights. Udalski & Geyer (1984) conducted
UBV (RI)C photometry over twelve nights, as did Cutispoto (1991) over fifteen nights.
Bopp et al., Udalski and Geyer, and Cutispoto found no variation in light levels over
the span of their observations, although their values are different, suggesting some sort
of long-term variability.
2. Observations
Differential photometric observations were carried out at the Mt John University
Observatory between 1988 November and 1991 April, during which time 79 sets of
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BV(RI)c data points were obtained (Table 1). The comparison star used was HD
86034, while the check star was HD 85966.
Two telescopes were used for these observations, the 0.6 m Optical Craftsmen
reflector (with an EMI9558B S20 photomultiplier tube) and the 0.6 m Boller &
Chivens reflector (with an RCA C31034A GaAs photomultiplier tube). During each
Table 1. Mt John University Observatory photometric data
for HD 86005.
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Table 1. Continued.

observation, integrations lasting 5 or 20 seconds were repeated 3 or 2 times respectively,
depending on the pass-band, with the integrations then being averaged. Two
observations were obtained for each observing night and these were then averaged to
give a nightly mean, which typically had a standard deviation error of 0m.005. The
check star, however, had a standard deviation for all of the V data of 0m.011, so that one
would expect the scatter in each data point of HD 86005 to be of this order.
It was found that the star exhibited variability over a time scale of around 100 days,
with a peak-to-peak amplitude of approximately 0m.07 in V. This variability would
not have been detected by the previous groups, assuming it was present during their
observations, as their data spanned periods of two weeks or less.
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3. Photometric period determination

Photometric periods in each pass-band were determined through the use of a
FORTRAN program (Lawson 1990 et al.) based on the Lomb-Scargle method of
applying a Fourier transformation to unevenly spaced data (Lomb 1976, Scargle 1982).
The program produces a power spectrum in a specified frequency range, using a fixed
frequency increment. Residual and phase data are also produced, as is a synthetic curve
of the strongest frequency, and a facility is available to subtract this synthetic curve
from the data so that a search for secondary frequencies can be made.
For HD 86005 significant power spectra peaks were identified for each of B, V,R and
I, using the minimum possible frequency increment of 0.00001 cycles per day, and the
results are given in Table 2. The average of these frequencies gives a photometric period
for HD 86005 of 89.0 ± 0.3 days. Fig. 1 shows, as an example, the V data phased with its
89.6-day period, while Fig. 2 shows the power spectrum produced in V. Fig. 3 shows the
power spectrum in V for the second harmonic (solid line), and the power spectrum in V
after the second harmonic has been removed (dashed line).
Table 2. Fundamental and second harmonic frequencies for HD 86005, with, their phases and
half-amplitudes.

Phase, on a 0 to 2π basis, is the phase occurring on 1988 November 24 = HJD2447490.1056.

Figure 1. V data for HD 86005, phased with an 89.6-day period.
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Figure 2. Power spectrum in V for HD 86005.

Figure 3. Power spectrum in V for HD 86005 obtained after the removal of the 89.6-day period
(solid line), followed by removal of the second harmonic (dashed line).

The scatter in Fig. 1 has a standard deviation of 0m.017, which is larger than that
expected from the observational errors. This is mainly due to the presence of a
significant second harmonic. The residual in the data after the fundamental and second
harmonic frequencies have been removed, has a standard deviation of 0m.013, which is
much closer to the expected value. Additional scatter may be due to slight changes in
period, amplitude or phase over the 9 cycles observed. Consideration of the first 36 data
points in V resulted in a period of 87.3 days and a half-amplitude of 0m.029, while the
final 43 points in V gave a period of 89.2 days and a half-amplitude of 0m.020. The mean
V values were 7m.325 and 7m.319 respectively. It should be noted, however, that in each
of the two cases the standard deviation of the scatter in the data was not significantly
less than that resulting when all of the data was analysed together.
The peak-to-peak amplitudes of the light variations in each pass-band were
measured from the synthetic curves composed of the fundamental and second
harmonic sinusoids. The resulting amplitudes and error estimates are given in Table 3,
along with the average values of B, V, R and I over the period of the Mt John
observations.
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Table 3. Average magnitudes of the Mt John data
for HD 86005 and the amplitudes of the synthetic
curves.

4. Discussion
The observed light variations of HD 86005 can be well explained by the application of a
starspot model. If cool starspots were present on HD 86005 one would expect the
amplitude of variation in the light curve to increase for shorter wavelengths, where the
spots should radiate less light. This is indeed the case, as can be seen from Table 2.
Furthermore, Fig. 4 shows a correlation between brightness and colour, with the star
becoming bluer as it brightens.
The Mt John observations must have been carried out during a phase of high spot
activity, such that at no time was an unspotted hemisphere facing Earth. This is
supported by the fact that the light curve in Fig. 1 is not flat topped, as would be the case
if no spots were visible over a time scale of several days. It is possible that the values
obtained by Grenier (1974) and Bopp et al. (1986) correspond to the unspotted colour
indices of the star, as their observations are the brightest of the five photometric studies,
and their values agree remarkably well despite being obtained approximately 15 years
apart. It is unfortunate that no (V – R) or (V – I) values are given by Grenier or Bopp
et al., since known unspotted colour indices for HD 86005 would have enabled a
quantitative starspot model to be applied.
The results of Grenier (1974), Udalski & Geyer (1984), Bopp et al. (1986) and
Cutispoto (1991) are all significantly brighter than any of the Mt John observations. It
is thus clear that for this to be due to starspots a change in the number of spots, or a
redistribution of spots, must have occurred at least in the couple of years prior to the Mt
John observations, if not at other times. It may be that an activity cycle is present, such
as that observed for other chromospherically active stars (Baliunas & Vaughan 1985).
Comparison between the colour indices obtained by the various groups reveals some
anomalies. The colour indices are given in Table 4 and it can be seen that they are
remarkably constant in colour as the star becomes fainter. Using a simplistic starspot
model with no energy redistribution, one would expect a star to become redder as it
becomes fainter if the area of the photosphere covered by starspots is increasing. This is
not the case for HD 86005. Indeed, at the Mt John light maximum the (B – V) colour
index is bluer than that of Bopp et al. (1986), although this could lie within the error bars,
as is the (V – I)c index for all of the Mt John observations. If a starspot model were
applied at the Mt John light maximum, where ∆ V between the Mt John value and the
Bopp et al. value is marginally greater than ΔR, then hot spots would result.
In addition, there appears to be an excess of UV light. The (B— V),(V— R)c and
(V–I)c indices correspond roughly to a K3.5III star (Bessell 1979), whereas the
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Figure 4. Colour correlation with brightness for HD 86005.

(U – B) index is that for a K1 III star (Johnson 1966). As Cutispoto (1991) notes, this could
be due to the presence of an early type companion, but in view of the fact that UV excess
is a well known feature of chromospherically active stars (Hall 1976) this is probably
not the only plausible explanation.
Chromospherically active stars with periods greater than that of HD 86005 have
Table 4. UBV(RI)c photometry of HD 86005.
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been observed (Fekel et al. 1986; Hall et al. 1990) but even so HD 86005 has an
exceptionally slow rotation period compared to most other active chromosphere stars
(Hartmann 1980; Baliunas & Vaughan 1985; Fekel et al. 1986). It may be that this is
why only weak Ca II Η and Κ core emission is present, and why the amplitude of light
variation is at the lower end of that observed in other active chromosphere stars, where
the amplitude can range up to 0m.5 in V (Hartmann 1980).
It is possible that HD 86005 may belong to the group of FK Comae stars, which are
single late-type giants exhibiting strong chromospheric activity (Bopp & Stencel 1981).
However in this case the star should be a rapid rotator, which is not observed for
HD 86005. It seems that HD 86005 perhaps best belongs to the group, identified by
Fekel et al. (1986), of medium to rapidly rotating single G8–K2 giants which exhibit
moderate chromospheric activity.

5. Conclusion
The analysis of a two and a half year span of photometric ΒV(RI)c data has resulted in
evidence that suggests that starspots are the cause of the observed 90-day light
variations of HD 86005. The detection of this 90-day period demonstrates the
desirability of long term photometric observations, as short term observations may
result in a star being classified as non-variable when in fact that is not the case. The
colour variations predicted by a starspot model were observed in the Mt John data.
However, a simplistic starspot model is inadequate to explain the observed constancy
of the colour indices of HD 86005 as the star brightens and modifications to the model
would be required to explain this feature.
References
Baliunas, S. L., Vaughan, A. H. 1985, A. Rev. Astr. Astrophys., 23, 379.
Bessell, M. S. 1979, Publ. astr. Soc. Pacific, 91, 589.
Bopp, B. W., Africano, J, Quigley, R. 1986, Astr. J., 92, 1409.
Bopp, B. W., Hearnshaw, J. Β. 1983, Astrophys. J., 267, 653.
Bopp, Β. W., Stencel, R. E. 1981, Astrophys. J., 247, L131.
Cutispoto, G. 1991, Astr. Astrophys. Suppl. Ser., 89, 435.
Fekel, F. C, Moffett, T. J., Henry, G. W. 1986, Astrophys. J. Suppl. Ser., 60, 551.
Grenier, S. 1974, Astr. Astrophys. Suppl. Ser., 16, 269.
Hartmann, L. 1980, in NATO Advanced Study Institutes Series 68: Solar Phenomena in Stars and
Stellar Systems, Eds R. M. Bonnet & A. K. Dupree, North Holland, Amsterdam, p. 487.
Hall, D. S. 1976, 1.A.U. Coll., 29, 287.
Hall, D. S., Gessner, S. E., Lines, H. C, Lines, R. D. 1990, Astr. J., 100, 2017.
Houk, N. 1975, Michigan Spectral Catalogue of Two Dimensional Spectral Types for the HD
Stars, 2, University of Michigan.
Johnson, Η. L. 1966, A. Rev. Astr. Astrophys., 4, 193.
Lawson, W. Α., Cottrell, P. L, Kilmartin, P. M, Gilmore, A. C. 1990, Mon. Not. R. astr. Soc, 247,
91.
Lomb, N. R. 1976, Astrophys. Space Sci., 39, 447.
Mutel, R. L., Lestrade, J. F. 1985, Astr. J., 90, 493.
Scargle, J. D. 1982, Astrophys. J., 263, 835.
Udalski, Α., Geyer, Ε. Η. 1984, Inf. Bull. Var. Stars, No. 2525.
Verma, R. P., Ghosh, S. K., Iyengar, R. V. K., Rengarajan, T. N., Tandon, S. N., Daniel, R. R.,
Sanwal, N. B. 1983, Astrophys. Space Sci., 97, 161.

