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Introduction

The VV Cep binary is a red supergiant of mass 15–20 M⊙, with a hot, presumably main-
sequence, early B-type companion of comparable mass. The two stars are sufficiently
well separated that Roche lobe mass transfer does not occur at present, and given the
high orbital eccentricity (e = 0.346, Wright 1977), probably has not occurred over the
evolutionary history of the system. (The orbits of binaries undergoing Roche lobe mass
transfer rapidly circularize). In the ultraviolet (UV), the hot companion appears embed-
ded in a region of circumstellar gas, as inferred from the veiled appearance of the UV
spectrum (the spectrum of the naked B-star is never seen). The gas around the compan-
ion is probably a result of wind accretion from the massive wind of the M supergiant. In
VV Cep, Hα emission is especially prominent, with peak fluxes of ∼10—30 times that of
the (M star) continuum. This Hα emission exhibits radial velocity behaviour opposite to
that of the M supergiant, implying a source near the hot companion (Wright 1977). Even
though this emission declines sharply for higher Balmer lines, at times Balmer emission
remains visible from levels up to n ∼ 16. Balmer continuum emission is often observed
at wavelengths shortward of 3700 Å, and at times, is strong enough to dominate this
part of the UV spectrum (Bennett & Bauer 2015). In the UV, lines of Fe II also ap-
pear strongly in emission, and are probably pumped by Lyman-α and Lyman-β emission
(Bennett & Bauer 2015). The great width of these Fe II emission lines (with wings out to
∼300 km s−1) suggests the line-forming region is in Keplerian rotation around the B star
companion, as these velocities are far larger than any other observed in the circumstellar
environment of VV Cep. Although the source of the companion’s emission spectrum is
usually attributed to “accretion” of circumstellar gas from the M star onto the hot star, it
is likely that the emission luminosity comes not from the release of gravitational energy,
but from recombination of circumstellar hydrogen photoionized by the B star’s Lyman
continuum.

The Hα emission is variable on both short timescales and longer timescales of several
years. The slow variability in Hα flux appears to correlate with the orbital separation
of the two stars, with larger emission flux seen when the companion is near periastron
(Bennett, private communication).
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Observations

VV Cep is a 5th magnitude system of variable visual brightness, with V magnitudes
ranging from 4.9–5.4. Due to its high declination (+64◦), VV Cep is circumpolar and
well-suited for year-round observations at northern mid-latitude sites. In preparation for
the VV Cep international campaign, contemporaneous observations of B and V band
DSLR photometry and Hα emission equivalent width (EW) have been obtained over the
past eight years.

The V band photometry was obtained by W. Vollmann (DSLR, AAVSO+BAV), B.
Hassforther (DSLR, BAV-Germany) and G. Samolyk (CCD, AAVSO data base). W.
Vollmann and G. Samolyk also obtained B photometry, concurrent with the DSLR V

observations. However because of the lower DSLR pixel sensitivity in Vollmann’s B pho-
tometry, these data are inevitably not as precise, nor as accurate, as the V photometry.
Vollmann used the Johnson B brightness of the reference stars, but did not transform to
the Johnson B system, and that process resulted in an offset in the derived B magnitudes
compared to Samolyk’s more accurate Johnson B magnitudes. Data reduction was per-
formed using MaxIm-DL 3.06 (Diffraction Limited, Sehgal Corporation) for Pollmann’s
data, while data from other amateur observers were reduced with software packages de-
veloped for amateur spectrographs, such as SpcAudace3, Audela4, VSpec5, and IRIS36.

The Hα EW study used 86 spectra, obtained by members of the ARAS spectroscopy
group between July 2004 and October 2016, at times with simultaneous V band photom-
etry. These Hα spectra were obtained with 0.2m to 0.4m telescopes with a long-slit (in
most cases) and echelle spectrographs with resolutions of R = 1000–22000. All spectra
included the 6400–6700 Å region, with a S/N of ∼100 for the continuum near 6600 Å.
Spectral line parameters were measured with the spectral classification software package
MK32. The EWs reported here included the entire Hα emission profile (including both
red and blue components) from 6550–6571 Å. Since the Hα emission originates from a
different source (the B-type companion) than the optical continuum of the M supergiant,
the EWs calculated relative to the M stars (variable) continuum were corrected for this
variability in order to provide a reliable estimate of total Hα emission flux. This correc-
tion was done by scaling the previously calculated Hα EWs by a factor of 10−0.4∆V , where
∆V = V − V and V is the mean magnitude of the out-of-eclipse V time series.

Results

Here we present the data and analyses.
Figures 1, 2, and 3 show the time series of the V and B data, and the Hα emission

fluxes (Hα emission EWs, corrected for continuum variability). These observations are
from July 2004 to October 2016 (JD 2455500 to 2458000), or from orbital phases of
0.625–0.961, measured from mid-eclipse.

Figure 4 compares VV Cep Hα emission fluxes to simultaneous V band photometry
from July 2004 to October 2016 (JD 2455500–2458000).
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Figure 1. VV Cep DSLR V magnitudes: July 2004 to October 2016.

Figure 2. VV Cep B magnitudes: July 2004 to October 2016.
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Figure 3. VV Cep Hα emission fluxes: July 2004 to October 2016.

Figure 4. VV Cep Hα emission fluxes versus DSLR V magnitude.
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Figure 5 shows the power spectrum of the V photometry of VV Cep obtained using
the Period04 code (Lenz & Breger 2005). The strongest peaks in the power spectrum of
the V photometry are near 145 and 656 days. The first period lies close to the 150 day
period first proposed by Hayasaka et al. (1971) and is almost certainly real. The second
period is about one-half of the time spanned by the vast majority (406 out of 412 points)
of the photometry, and may be an artifact resulting from long-term variations over this
period.

Figure 6 shows the corresponding phase diagram of the V photometry produced by
program AVE (Barberá 1998), of Figure 1, phased with a 145.5 day period. Many other
periods have been reported in the literature over the years: e.g., periods of 60, 110, 114,
116, and 280 days (Graczyk et al. 1999; Saito et al. 1980; McCook et al. 1978; Baldinelli
et al. 1979; Pfeiffer et al. 1989), and it apparent from Figure 5 that there is significant
power at other frequencies with periods longer than about 30 days, and especially longer
than 100 days. This behaviour suggests the short-term variability is somewhat irregular
in nature, and probably has a substantial stochastic component. Indeed, the plot of the
V variability, phased to a period of 145.5 days (Figure 6), shows a substantial fraction of
this variability remains unexplained by this regular short-period oscillation.

Figure 5. Power spectrum of V band photometry of VV Cep. The peak of 656 days may be an artifact

due to the finite length of the time series; the second prominent peak at 145 days is probably real and

due to intrinsic pulsation of the M supergiant.
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Figure 6. AVE phase diagram of the V photometry of Figure 1, with a fitted period of 145.5± 1.2

days, and epoch JD 2456750.

Conclusions

The observations presented here span the period from JD 2455500 to 2458000, corre-
sponding to orbital phases 0.625–0.961. The amplitude of the photometric variability
is ∆V ≈ 0.4–0.5 mag, whereas the amplitude of the total eclipse of the B star is only
is ∆V ≈ 0.15 mag. The period and photometric amplitude of the variability is quite
similar to that resulting from irregular pulsation in other, single late-type supergiants.
We confirm the peak power of this pulsation lies near a period of 145 days. A second,
longer period of 656 days may be an artifact arising from the finite length of the time
series. All of this strongly suggests that the photometric variability observed for VV Cep
is intrinsic, and due to irregular pulsation of the M star. The source of the variability of
Hα, originating from an accretion region around the hot companion, remains unclear and
the time sampling of these Hα observations are too sparse to permit a meaningful period
analysis.
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