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HD 115781 and HD 116204—Two RS CVn Binaries
R. F. Griffin† The Observatories, Madingley Road, Cambridge, England CB3 0HA;
Francis C. Fekel‡ Dyer Observatory, Vanderbilt University, Nashville,
Tennessee 37235, U.S.A.
Received 1988 July 1; accepted 1988 August 29

Abstract. HD 115781 and HD 116204 (BL CVn and BM CVn) are shown
to be RS CVn binaries with periods near 20 days. HD 115781 is doublelined; the primary type is about K1 III, while the secondary is probably a
late-type subgiant. The masses of the two components are equal within
observational error. There is substantial photometric variability with a
period half the orbital period; it is attributed to ellipsoidal variation.
HD 116204 is also of type K1 III. It shows exceptionally strong Ca II Η and
Κ emission, together with an emission-line spectrum typical of RS CVn
stars in the IUE ultraviolet region, but Hα is an absorption line. The
secondary star in the HD 116204 system has not been detected. The
primary shows photometric variations, presumably due to starspots, with a
period 5 per cent longer than the orbital period.
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1. Introduction: Radial velocities and orbits
HD 115781 and HD 116204 were discovered to be RS CVn binaries as a result of their
inclusion in a radial-velocity survey of late-type stars in the field surrounding the
North Galactic Pole. All stars listed in the Henry Draper Catalogue (Cannon &
Pickering 1920) as having spectral types of G5 or later and positions within 15° of the
Galactic Pole were placed on the survey programme in 1968, for observation with the
prototype photoelectric radial-velocity spectrometer (Griffin 1967) at Cambridge.
Because of the size of the programme in relation to the observing time available for it,
an interval of the order of a decade elapsed after the first observation of each of the
stars discussed here before the second measurements—coincidentally made on the
same date, 1980 May 14—revealed the binary natures of both objects.
In 1981–1984 the radial velocities of the two systems were monitored at Cambridge
frequently and also, when opportunity arose, at other observatories equipped with
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photoelectric radial-velocity spectrometers. Altogether, 46 measurements were made
of HD 115781 and 51 of HD 116204. They show that both systems have quite short
periods, 18.692 and 20.625 days respectively, and both orbits have eccentricities that
are indistinguishable from zero. In the case of HD 115781, six traces obtained at
Palomar Observatory with the radial-velocity spectrometer on the 200-inch telescope
(Griffin & Gunn 1974) near the nodes of the orbit showed a measurable secondary
feature which has permitted the amplitude of the radial-velocity variation of the
secondary star to be obtained as well as that of the primary. The journals of

Table 1. Radial-velocity observations of HD 115781, made at Cambridge except where
otherwise noted.
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Table 1. Continued.

* Observed with 200-inch telescope.
†
Observed with DAO 48-inch telescope.
‡
Observed with Kitt Peak coudé feed telescope.
S Velocity of secondary component.

Table 2. Photoelectric radial-velocity observations of HD 116204, made at Cambridge
except where otherwise noted.
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Table 2. Continued

* Observed with 200-inch telescope.
†
Observed with DAO 48-inch telescope.

observations are set out in Tables 1 and 2 and the orbital elements derived from them
appear in Table 3. The orbits are illustrated in Fig. 1.
2. Spectral types and RS CVn characteristics
Both the stars of interest are giants. The only MK classification from a slit spectrogram
is that of K1– III given by Keenan (1940) for HD 116204. An objective-prism
classification of G8 III published for the same star by Zaytseva (1973) is less accordant
with the (B– V) colour of about 1m.16 (Walker 1971, Häggkvist & Oja 1973, Oja 1985).
There is an Abastumani type of K1 V for HD 115781 (Tchipashvili 1973), but we are
inclined to doubt the luminosity class. Unpublished photometry in the Copenhagen
system, obtained by Dr G. A. Radford and one of the present authors (R. F. G.) at
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Table 3. Circular orbital elements for HD 115781 and HD 116204.

*The value for HD 115781 is for Cambridge observations. Palomar observations of the
primary (weight 8) have r.m.s. errors of 0.9 km s–1; those of the secondary have errors of
1.8 km s–1.

Figure 1. The computed radial-velocity curves of HD 115781 and HD 116204, with the
observed radial velocities plotted. In the case of HD 115781, the Palomar observations are
distinguished by being plotted as squares.
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Palomar Observatory in 1976 and reduced by Dr L. Hansen shows that HD 115781,
like HD 116204, is a giant.
Late-type giant stars in orbits with periods as short as about 20 days generally show
peculiarities of the RS CVn type, arising from rapid rotation (usually more or less
synchronized with the orbital motion) and from the heavily spotted surfaces and
extraordinary chromospheric activity which seem to be corollaries of such rotation.
The gross observable characteristics engendered by those peculiarities include
rotational modulation of the apparent magnitude, rotational broadening of the
spectral lines, and unusually strong emission lines in the spectra all the way from Hα
and Η and Κ down into the X-ray region.
A certain amount of evidence for all three of these characteristics was already
available for HD 116204 without the need for special observations, although it has
been amplified by the investigations reported below. The discordance between the V
magnitude of 7.21 found by Walker (1971) and the 7.14 given by Häggkvist & Oja
(1973) is surely too great to be ascribed to observational error and could well be
interpreted as evidence of the small-amplitude variability typical of an RS CVn binary.
Clear evidence of rotational broadening is present in radial-velocity traces of
HD 116204. Moderate broadening was noticed in Cambridge traces; Palomar observations allow it to be quantified. All of the three Palomar traces available give ν sin i
values within half a km s–1 of 15 km s–1; Fekel, Moffett & Henry (1986) found a value
of 15 ± 2kms–1 from spectroscopy at Kitt Peak. When we were already actively
observing the star, Bidelman (1983) noted HD 116204 as having the most extreme Η
and Κ emission among all the G-and K-type emission objects that he discovered in the
first 100 fields surveyed with the then new 10° objective prism on the Burrell Schmidt.
The emission is illustrated in Fig. 2, which is reproduced from a spectrogram obtained
with the coudé spectrograph of the Mount Wilson 100-inch reflector at 10 Å mm–1 on
1985 June 12. The spectrum, and the tremendous strength of the Η ánd Κ emission, is
remarkably similar to that of the extreme RS CVn star HR 1099. A reproduction of a
spectrogram of that star, taken with the same equipment as Fig. 2 and identified by its
alias ADS 2644 A, has been published by Wilson (1963).
HD 115781 is a magnitude fainter than HD 116204 and has been mentioned less
frequently in the literature. Häggkvist & Oja (1973) gave its magnitudes as V = 8.13,
(B – V) = 1.14, (U – B) = 0.94, and since they only observed it on a single night they did
not discover its variability. Palomar radial-velocity traces, of which an example is seen
in Fig. 3, show an extraordinary rotational broadening, amounting to nearly
40 km s–1. That broadening is only too apparent on traces made at Cambridge also: it
creates considerable difficulty there in measuring a velocity at all, and is responsible for
the unusual raggedness of the orbit illustrated in Fig. 1. It was necessary in the orbital
solution to attribute Palomar observations 8 times the weight of the Cambridge ones
to obtain reasonable equality in the weighted variances.
Fig. 3 shows that the secondary component of HD 115781 does not by any means
share the great rotational broadening of the primary; in fact it is not clear that there is
any broadening at all, although the secondary feature is so weak (2 per cent of the
‘continuum’) that we prefer not to attempt from the Palomar observations to set a
stringent upper limit to the rotation that might be present. The relative areas of the two
‘dips’ are approximately 19:1. Thus, on the purely arbitrary assumption that the two
stars have the same surface brightness, the ratio of radii would be about 4:1; and on
the further assumption of equal rotation periods the value of υ sin i for the secondary
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Figure 3. Palomar radial-velocity trace of HD 115781, obtained on 1984 December 2, showing
the small secondary feature and the great rotational broadening of the primary. The FWHM of
an unbroadened dip is about 20 km s–1.

would be between 8 and 9 km s–1, a value which is not inconsistent with Palomar
radial-velocity traces such as that shown in Fig. 3 or with the Kitt Peak spectroscopy
referred to in Section 4. It is noteworthy that, despite the disparity in their respective
signatures on radial-velocity traces, the two components of HD 115781 have masses
that are identical within the observational uncertainty of about 2 per cent.
The fit of a computed profile to the trace of HD 115781 in Fig. 3 leaves something to
be desired. If a small discrepancy near the middle of the trace is ascribed to a third
component in the system, a beautiful match between the computed and observed
traces can be obtained. However, it is axiomatic that the more degrees of freedom one
permits oneself the more accurately one can model anything; and in this case the “third
component” turns out to have a radial velocity that is considerably (9kms–1)
removed from the γ-velocity of the binary system, so it is not an obviously attractive
proposition. We would need substantially more evidence than is provided by Fig. 3
before we would seriously propose HD 115781 as a triple system. Our other Palomar
radial-velocity traces have appreciably lower signal/noise ratios and offer little
assistance in this matter.
The Copenhagen photometry referred to above gives large values of the quantity
res (k) for both stars, 0m.17 for HD 115781 and (0m.19 for HD 116204. Those values
would normally be associated with a substantial degree of compositeness in the spectra
of the objects concerned, i.e. with significant contributions from two or more sources at
very different temperatures. The two observed components of HD 115781 might
account for the photometric compositeness of that object, but the secondary of
HD 116204 has not been detected. Of course a heavily spotted star has different areas
of its surface at substantially differing temperatures and might be able, on its own, to
mimic the photometric pecularities to which a large value of res (k) alerts us.
3. Photometry
At our suggestion, photometric observers have made intensive measurements of the
two systems in order to search for variations associated with the rotation of the
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primaries. Such variations have indeed been demonstrated in both systems. Heiser
(1985) reported Hall and his collaborators as finding HD 115781 to show a variation of
0m.20—a very large amplitude—with a period of 18.7 days. That was presumably the
same work as was published by Lines et al. (1985), which indicates that the magnitude
variation is sinusoidal with a period of 9.31 ± 0.06 days—half the orbital period, within
observational error—phased in such a way that maximum brightness is reached at
times of quadrature. Lines et al. accordingly considered HD 115781 to be an ellipsoidal
variable, in which the changing brightness arises from the changing areas presented to
the observers’ view of a star which is considerably elongated along the direction
towards its companion. However, υ sin i measurements from Palomar radial-velocity
traces do not show a clear correlation with orbital phase. For HD 116204, Boyd, Genet
& Hall (1984) found an amplitude of 0m.06 and a period of 21.7 ± 0.2 days; more
extensive photometry has been published by Mohin & Raveendran (1987). In the case
of HD 116204 there is a definite difference of 5 ± 1 per cent between the rotational and
orbital periods, the rotational period being the longer of the two.
It is quite appropriate that both of our new RS CVn stars are in the constellation of
Canes Venatici; they have taken the variable-star designations BL and BM CVn
(Kholopov et al. 1987).
4. Spectroscopic observations
4.1 HD 115781
Because the rapid rotation of HD 115781, in relation to its spectral type, suggested that
it is an RS CVn binary, spectroscopic observations were obtained at H α and in a
wavelength region centred on λ6430 Å to search for evidence of chromospheric
activity. The Hα observations were obtained with the McDonald Observatory 2.1-m
reflector, coudé spectrograph, and 1728-element reticon detector. The wavelength
range covered was 235 Å at a resolution of 0.55 Å. The Hα line was not centred in the
field but was positioned so that lines near λ6400 Å were included. Several observations
were also obtained with the Kitt Peak coudé feed telescope and TI CCD detector
centred on a wavelength of 6430 Å; those observations have a wavelength range of
90 Å and a resolution of 0.23 Å. From the one double-lined Kitt Peak observation
v sin i values of 35 ± 2 and 7 ± 2km s–1 were determined for the primary and
secondary, respectively (Fekel, Moffett & Henry 1986).
Smith & Bopp (1982) found that the Hα absorption feature of chromospherically
active systems is weaker than that of stars which are not chromospherically active but
are otherwise of similar type. Fig. 4 shows the Hα line of HD 115781 in comparison
with that of α Ari. The equivalent width of the line in HD 115781 is 1.1 Å, several tenths
of an Ångström less than that of α Ari, thus indirectly supporting our belief that
HD 115781 is an RS CVn binary.
4.2 HD 116204
Spectroscopic observations were obtained at Hα, at λ6430 Å, and at far-ultraviolet
wavelengths, to search for evidence both of a secondary component and of chromospheric activity. The ultraviolet observation (Simon & Fekel 1987) was obtained with
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Figure 4. The Hα region of the spectra of HD 115781 and 116204, compared with α Ari, an
inactive K2 III star. The bar shows the intensity corresponding to 10 per cent of the continuum.

the International Ultraviolet Explorer satellite in the short-wavelength region,
λλ1200–2000 Å, with the SWP camera; the mid-exposure epoch was MJD 45692.118.
This low-resolution observation (6 Å resolution) was obtained through the large
aperture and was absolutely calibrated. Fig. 5 shows the far-ultraviolet emission-line
spectrum, which is typical of chromospherically active stars. We have converted the
emission-line fluxes tabulated by Simon & Fekel (1987) to surface fluxes (Table 4) on
the basis of an estimated stellar angular diameter of 6.98 × 10–4 arcsec. For the 1983/4
observing season, Strassmeier et al. (1989) found the photometric period and an epoch
of minimum light to be 21.13 ± 0.21 days and ΜJD 45691.0 ± 0.4 respectively. Thus the
ultraviolet fluxes correspond to a rotational phase of 0.05 after spot maximum.
Rodonò et al. (1987) have shown that the surface fluxes of active RS CVn stars are
strongly phase-dependent, with ratios of active to quiescent fluxes ranging from about
2 to 9 for the systems they observed. They found that that ratio is generally largest for
the higher-excitation lines such as C IV and He II. Table 5 compares the surface fluxes of
HD 116204 with the ranges of fluxes found for V711 Tau, II Peg and AR Lac (Rodonò
et al. 1987). The lines fluxes for II Peg show strong enhancements at the time of spot
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Figure 5. Spectrum SWP 21859 of HD 1162.04, obtained with the short-wavelength camera of
IUE. The observed flux at the Earth is plotted as a function of wavelength. The Lyman-α
emission is geocoronal in origin.

Table 4. Ultraviolet emission-line fluxes of HD 116204.

Table 5. Surface fluxes (104 erg cm–2 s–1)

* Extreme observed values at different phases for the combined system, i.e. by using the
first conversion factor (F/f) between surface and observed fluxes in Table 7 of Rodonò et
al. (1987).
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maximum, and the higher-excitation lines of the Kl IV component of V711 Tau show
a similar although more modest correlation with phase. Whether that is also the case
for HD 116204 remains to be determined.
In very few of the RS CVn binaries is the H α feature in emission above the
continuum. The few RS CVn systems with Hα in emission, such as HR 1099, UX Ari
and II Peg, have very strong Ca II Η and Κ lines. Thus, the fact that HD 116204 has
very strong Ca II emission suggested the possibility that Hα might also be in emission.
As Fig. 4 shows, this is not the case for HD 116204, although the absorption feature
does appear to be weaker than in α Ari; its equivalent width is approximately 0.8 Å. No
features attributable to the secondary star are apparent in the observations obtained in
the red.

5. Line broadening and stellar dimensions
The great line broadening of HD 115781 and the ellipsoidal light variations might
suggest that the Κ giant star is close to filling its Roche lobe. The extreme range of the
values that we have obtained for υ sin i is from 34 to 41 km s–1, with a mean of
37.6 ± 0.7 km s–1, although no doubt the standard error of the mean is an optimistic
value of the true error in view of the systematic effects of the assumptions that go into
the estimation of the rotational velocity from the observed line-width. There is no
convincing relationship between the observed widths and the orbital phases of the
observations. With a rotation period of 18.7 days, a ν sin i value of 37.6 km s–1
corresponds to a radius R1 of approximately 14/sin i R☼. The separation (a1 + a2) of
the stars is known from the orbit to be 22.9/sin i Gm, = 32.9/sin i R☼; that separation
and a mass ratio of unity lead to a minimum Roche-lobe radius of 12.5/sin i R☼ (Plavec
1968). The true Roche-lobe radius will be greater than that minimum in the direction
between the centres of the two stars. However, the comparison certainly suggests that if
the primary does not fill its Roche lobe—and we have no spectroscopic evidence that
mass transfer is occurring—it is extremely close to doing so.
The absence of eclipses (Lines et al. 1985) shows that cos i > (R1 + R2 )/(a1 + a2) or
i ≲ 63°. The masses of 0.7/sin i M☼ found for each component from the orbit suggest
that sin i ≳ 0.7 (i ≳ 45°). The implied range of R1 of 11 to 15 Gm (about 15 to 20 R ☼ ) is
very much what would be expected for a normal giant of the type (K1 III) attributed to
the integrated light of the system. The radius of the secondary cannot be much less
than 3 R☼—much larger than any late-type main-sequence star—so the secondary
itself must be an evolved object. In HD 155638 and HD 158393 (Fekel, Moffett &
Henry 1986; Lloyd Evans, Balona & Fekel 1987), chromospherically active systems
which share most of the known characteristics of HD 115781, the secondary is an
F-type subgiant.
The rotational velocity of HD 116204 leads to a primary radius of 4.5/sin i Gm
(6.5/sin i R☼). In the absence of any information on the secondary or on sin i this result
is less significant than that obtained for HD 115781, but since the radius of the primary
orbit is only 3.32/sin i Gm it does show that the centre of gravity of the system lies well
within the primary star. Mohin & Raveendran (1987) give photometric reasons for
believing that the system is seen at a low inclination, as indeed the smallness of the
mass function also indicates; however, they also think that the mass ratio is near unity
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and consequently expect the secondary star to be detectable spectroscopically, which
(at least by us) it is not.
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