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ABSTRACT 

We discuss the long-term quiescent light curve of the dwarf nova HT Cassiopeiae, with particular emphasis 
on the 1991-1995 behavior. HT Cas had no outbursts for at least eight years prior to a 1995 November 17 
outburst. Its 1991-1995 light curve while in quiescence exhibits —1.8 mag long-time-scale variations from 
about 15.9 to 17.7 mag. This is remarkable because dwarf novae while in quiescence have not previously 
been described as exhibiting the kind of systematic high-state/low-state variations previously associated 
only with magnetic and VY Scl cataclysmic variables. © 1996 American Astronomical Society. 

1. INTRODUCTION 

HT Cassiopeiae is a cataclysmic variable (CV) whose 
short orbital period of 106 minutes was first discovered by H. 
Bond. Its eclipses were first extensively described by Patter- 
son (1981) and it has been well-studied both spectroscopi- 
cally (Young et al. 1981; Marsh 1990) and photometrically 
(Zhang et ai 1986; Home et al. 1991). HT Cas has a normal 
quiescence level of —16.4 mag eclipsing down to 18th and 
empting to —12.5. Home et al. (1991) decomposed the 
eclipses into two components, a white dwarf eclipse that is 
always present and an accretion disk component which var- 
ies greatly from cycle to cycle and can disappear completely. 

HT Cas is regarded as a member in good standing of the 
SU Ursa Majoris subclass of dwarf nova (DN). Reviews on 
SU UMa systems can be found in Warner (1985), la Dous 
(1994), and O’Donoghue (1992). SU UMa systems have 
short orbital periods, falling below the CV period gap which 
lies between about 2-3 hours. They exibit occasional super- 
outbursts that are somewhat brighter and have substantially 
longer duration than their normal outbursts. During a super- 
outburst the SU UMa systems have photometric modulations 
called superhumps with periods a few percent longer than 
their orbital periods, which are often taken as the defining 
characteristic of SU Urna systems. The superhump phenom- 
enon has been attributed to the precession of an eccentric 
accretion disk during a superoutburst (Vogt 1982; Osaki 
1985). Mattei & Stanton (1985) and Zhang et al. (1986) ob- 
served superhumps in HT Cas during superoutburst, authen- 
ticating its SU UMa classification. 

The evidence for normal DN outburst behavior in HT Cas 
comes from Glasby (1970), Wenzel (1987), and the observa- 
tions of the AAVSO (Mattei 1995a). Glasby shows a series 
of 9 outbursts from 227 visual observations in 1967-1968 
with a mean cycle length of 30-35 days lasting on average 
10 days. These outbursts have an amplitude of —2 mag ris- 
ing from a quiescent level of 15.8 mag. Unfortunately, only 
an interpolated fit to the outburst data is given so it is diffi- 
cult to judge how well these magnitude estimates establish 

the classic DN outburst behavior, especially since later ob- 
servers have not seen such short-cycle outbursts and the va- 
lidity of this work has come into question (Miles 1976). 
Wenzel collected information on 13 outbursts from 1953 to 
1985 and concluded that the most likely cycle length was 
400 days. However, the eruptions tabulated are defined by 
only one or two data points each, so we do not know much 
about the duration and amplitude of these brightenings. 
Zhang et al. (1986), quoting AAVSO results, reported that 
HT Cas did not have any obvious outbursts from 1982 to 
1984, but had a long and bright outburst lasting 20 days in 
1985 January where superhumps where observed (Mattei & 
Stanton 1985; Zhang et al. 1986). The AAVSO light curve 
of HT Cas from 1976 to 1994 (Mattei 1995a) shows only 
outburst behavior because the fainter magnitudes of quies- 
cence are only occasionally sampled. Eight normal outbursts 
lasting —2 days and the 1985 superoutburst are apparent 
during this interval. 

The RoboScope light curve during 1991-1995 for HT 
Cas in Fig. 1 does not show any outbursts at all from 1991 
August to 1995 October (JD 2448470-24485021). Instead, 
the photometric variations while in quiescence are character- 
ized by 1.3 mag transitions from a high state to a low state 
which occur on time scales of days to months and last from 
days to months. While in the high state brief “dips” back to 
the low state, which are unassociated with its well-studied 
eclipses, are seen as well as systematic longer duration ex- 
cursions. HT Cas had previously been seen fainter than its 
normal quiescence level on two occasions (Wood et al. 
1995). 

If this CV light curve of Fig. 1 were to be classified with- 
out knowledge of the orbital period or of the outburst behav- 
ior, it would likely be labeled a VY Sculptoris star (Bond 
1980). These nova-like CVs have orbital periods just above 
the period gap and their principal fight variations consist of 
erratic transitions between a high state and a low state (Rob- 
inson et al. 1981; Shafter et al. 1985). A modulation of mass 
transfer from the secondary star that leads to a highly vari- 
able accretion luminosity is thought to be responsible. High- 
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Fig. 1. RoboScope long-term light curve of HT Cas from 1991 August to 
1995 December. Open circles are points during primary eclipse phases. 

state/low-state changes on time scales of weeks to years are 
known to occur in nova-like CVs just above the period gap 
(VY Scl-type) and in magnetic CVs of the AM Her-type and 
DQ Her-type (Gamavich & Szkody 1988, and references 
therein). However, distinct low states while in quiescence 
among any of the various subclasses of dwarf nova are pre- 
sumably rare. Only three other dwarf novae have been ob- 
served to have behavior resembling low states. BZ UMa was 
caught fainter than its quiescence level on one occasion 
(Kaluzny 1987), there are reports for WW Get (Warner 1987, 
in a footnote; Ringwald et al. 1995), and Howell (1990) sug- 
gests low states in RU LMi. None of the systematics of these 
low states have been studied in detail. The quiescent light 
curve of HT Cas is clearly an anomaly worthy of further 
scrutiny. 

2. OBSERVATIONS 

HT Cas was observed from 1991 to 1995, or five observ- 
ing seasons, with the CCD Automated Photometric Tele- 
scope (RoboScope) at Indiana University. RoboScope has 
been in routine operation since 1990, working mostly on a 
program of long-term photometry of cataclysmic variable 
stars (Honeycutt et al 1990; Honeycutt & Turner 1992). 
This 41-cm telescope performs unattended differential stellar 
photometry on a program of about 140 objects, obtaining 
typically one observation each clear night for each program 
object. All necessary functions are fully automated for real- 
time unattended operation. The light curves are generated 
using the technique of inhomogeneous ensemble photometry 
(Honeycutt 1992). This method uses all the constant stars 
appearing in each exposure as a comparison, even though the 
number and identity of these stars varies from exposure to 
exposure due to clouds, sky brightness and to telescope 
pointing. 

The telescope is most valuable for acquiring data on time 
scales of weeks to years, data that is otherwise quite difficult 
to obtain under the scheduling policies of most observatories. 
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HJD - 2448400 
Fig. 2. RoboScope light curve of HT Cas during the 1991-1992 observing 
season showing a slow 1.5 mag rise over 200 days from the low state. Open 
circles are points during primary eclipse phases. Data points less than 5 days 
apart are connected. 

We seldom ask the telescope to acquire closely-spaced data 
on a single object within a night because such scheduling 
degrades the long-term light curves of the other program 
objects. Therefore this HT Cas data has a typical spacing of 
1 to 5 days, and there is seldom more than one point per 
night, except during the last two observing seasons where the 
time sampling is several points per clear night. 

A total of 627 V-band exposures were obtained on 322 
nights from 1991 August 01 until 1995 December 05 (JD 
2448469-2450056). The ensemble solution used 96 com- 
parison stars. The magnitude error bars on the light curves 
are for differential photometry and average 0.03 mag outside 
of eclipse. The zero point of the photometry for HT Cas was 
established using the secondary standards provided by Mis- 
selt (1995) and has an error of ±0.013 mag. 

3. DISCUSSION 

Figure 1 is the 5-year light curve for HT Cas and Figs. 
2-6 show each of the five observing seasons on an expanded 
scale. The RoboScope data over a 4.5 year period shows that 
there were no outbursts which resemble the kind of DN be- 
havior reported by Wentzel (1987) for 1953-1985, or for 
1976-1990 by the AAVSO (Mattel 1995a). However, we 
note that for a 3 year interval preceding the 1985 superout- 
burst the AAVSO data shows an absence of outbursts. HT 
Cas had also ceased outburst activity for a total of 8 years 
before its 1995 November (JD 2450038) outburst (Mattei 
1995b). The short duration (~3 days) and lack of super- 
humps indicates that this 1995 event was a normal outburst 
and not a superoutburst (Kato 1995). 

Figure 7 shows the mean eclipse light curve of HT Cas 
using only data from 1994 June 11 to 1995 October 18 (JD 
2449514—2450008) while HT Cas was in an extended high 
state. The average orbital light curve of HT Cas in the V 
band shows little systematic variation outside of eclipse, hav- 
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HJD - 2448400 
Fig. 3. RoboScope light curve of HT Cas during the 1992-1993 observing 
season with a well-resolved high-state/low-state transition near JD 2448920. 
Open circles are points during primary eclipse phases. Data points less than 
5 days apart are connected. 

Fig. 5. RoboScope light curve of HT Cas during the 1994-1995 observing 
season with well resolved high-state/low-state transitions near JD 2449650 
and JD 2449700. Open circles are points during primary eclipse phases. 
Data points less than 5 days apart are connected. 

ing only random fluctuations (±0.11 in V) about a mean 
brightness during any one orbit, and variations between or- 
bits of ±0.34 in V (based on 12 orbits, Zhang et al. 1986). 
The eclipse light curve in Fig. 7 shows random fluctuations 
outside of eclipses about a mean V of 16.5 ±0.17 mag and 
the eclipse is similiar in width and depth to the non- 
superoutburst eclipse parameters of Home et al (1991) and 
to those of Zhang et al. (1986) obtained during superout- 
burst. The eclipse is sharp and deep (—2.0 mag) resulting 
from the occultation of both the white dwarf and accretion 
disk by the secondary star (Home et al. 1991). The eclipse 
covers orbital phases 0.00±0.065 using the ephemeris of 

HT Cas 

HJD - 2448400 
Fig. 4. RoboScope light curve of HT Cas during the 1993-1994 observing 
season showing several transitions between extended high-states and low- 
states. Open circles are points during primary eclipse phases. Data points 
less than 5 days apart are connected. 

HJD2443727.93721 + 0.0736472039X£ (Hornera/. 1991). 
Points lying within these eclipse phases are denoted by open 
circles in Figures 1-6 in order to distinguish between 
eclipses effects and systematic transitions. 

A magnitude histogram of the HT Cas quiescent data 
yields a bimodal distribution with peaks near 17.65 and 
16.35 mag (Fig. 8). Data during eclipses were discarded and 
do not contribute to the bimodality which represents two 
quiescent states in HT Cas. The bottom panel of Fig. 8 uses 
all the quiescent light curve data of Fig. 1 and the top panel 
uses only the first three observing seasons (Figs. 2-4). The 

Fig. 6. RoboScope light curve of HT Cas during the 1995 observing season 
which contains the 1995 November outburst. Seven of the 15 data points 
from JD 2450030-2450055 are from AAVSO observations (Mattei 1995b). 
Open circles are points during primary eclipse phases. Data points less than 
5 days apart are connected. 
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Fig. 7. RoboScope mean eclipse light curve of HT Cas during the 1994- 
1995 high-state. This plot uses data only in the interval ID 2449514 
-2449644 from Fig. 5. 

bimodal nature is more pronounced during the first three 
observing seasons because the high-state/low-state behavior 
decreased in the last two seasons. The overpopulation of the 
high state magnitude bins from decreased activity and higher 
time resolution in seasons 4 and 5 combine to leave only a 
skewed tail for the low-state magnitude bins in the bottom 
panel of Fig. 8. 

Occasional “dips” to the low state lasting 5-10 days in 
HT Cas are similar to those reported for DW Ursa Majoris 
(Honeycutt et al. 1993). There are also occasional brighten- 
ings in HT Cas with the same character as the dips (compare 
the dip near ID 2448920 in Fig. 3 with the rise in Fig. 4 near 
JD 2449360). The conspicuous low state in Fig. 3 near JD 
2448920 has an ingress time of ~ 6 days, lasts for ~ 6 days 
and is about 1.3 mag deep. The low state in Fig. 5 near JD 
2449645 starts as a gradual decline of 1.0 mag over ~6 days 
and lasts ~ 2 days before rising over ~ 8 days to its original 
brightness. There are also longer systematic transitions. Fig- 
ure 2 shows a rise of 1.3 mag over —200 days, while in Fig. 
4 there is a decline of 1.4 mag occuring over —40 days (JD 
2449240). 

The overall long-term system brightness is controlled by 
the accretion disk and ultimately the mass transfer rate. It is 
of interest to know whether large amplitude systematic varia- 
tions while in quiescent are common in other DN systems 
because this would influence theories about mass transfer 
modulations. The quiescent light curves of 12 other DN sys- 
tems of the SU UMa type on our RoboScope program (8 of 
which have densly sampled quiescent light curves) show 
=^0.5 mag variations around a mean quiescent brightness. 
These DN quiescent variations are consistent as being orbital 
in nature and/or associated with small stochastic brightness 
changes in the accretion disk, and not systematic, large am- 
plitude excursions. The magnitude histograms for the eight 
well-sampled SU UMa systems are shown in Fig. 9 with 
their associated means and standard deviations. Any skew 
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Magnitude 
Fig. 8. Quiescent magnitude histogram of HT Cas observations made by 
RoboScope. Normal outbursts, superoutbursts and eclipses have been re- 
moved. The bimodal nature indicates two quiescent states (17.65 and 16.35) 
separated by 1.3 mag. 

towards brighter magnitudes in Fig. 9 is due to inclusion of 
the very onset and end of outbursts from quiescence. None of 
the SU UMa histograms show bimodality or are skewed to- 
ward fainter magnitudes as in HT Cas, except for SU UMa. 
The skew in SU UMa however, is caused by the overall 
decrease of 0.5 mag in quiescent level during one observing 
season. 

The only other dwarf nova with large quiescent variations 
we find on our program is WW Cet. As previously men- 
tioned Warner (1987) noted that WW Cet has been seen 
— 1.5 magnitudes fainter than quiescence on occasion. WW 
Cet is a DN of uncertain subclass which has an orbital period 
of 4.22 hours. The RoboScope quiescent light curve of WW 
Cet over 3.5 years (Ringwald et al 1995), shows erratic ex- 
cursions of ±1.0 mag about 14.0 mag lasting 5-10 days 
somewhat similar to HT Cas. In addition there are outbursts 
of up to 2.0 mag rising from 14.0 mag lasting up to 10 days. 

4. CONCLUSION 

Mass-transfer modulations are likely responsible for the 
high-state/low-state behavior seen in the VY Scl class of 
nova-like CVs and AM Her stars. The time scales for VY Scl 
behavior (low states lasting from days to years) are similar to 
that seen in HT Cas. Also, the fraction of nova-like CVs 
showing VY Scl behavior at any one time is 10%-20%, 
similar to the fraction of SU UMa stars inferred here. How- 
ever, the amplitude of the excursions in HT Cas (1.3 mag) 
and in WW Cet (1.0 mag) are smaller than in nova-hkes 
(2-6 mag). It is reasonable to consider that the quiescent 
variations in HT Cas might be due to the same mechanism 
responsible for the VY Scl behavior. 

Suggestions for the origin of mass transfer modulations in 
CVs include evolution of the secondary star as it becomes 
fully convective (Spruit & Ritter 1983; Shafter 1992, refer- 
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Fig. 9. Magnitude histograms of eight other SU UMa systems observed by RoboScope that have well-sampled quiescent light curves. All abscissas span 2.0 
mag. 

enees therein), solar-type magnetic cycles of the secondary 
(Warner 1988; Bianchini 1990), and perhaps dynamical in- 
stabilities in the secondary star of the type originally pro- 
posed by Bath et al (1974) to explain DN outbursts. Livio & 
Pringle (1993) argue, by appealing to the work of Ritter 
(1988), that the high-state/low-state behavior in VY Scl stars 
cannot be caused by the same effect that turns off mass trans- 
fer at the upper end of the period gap because the time scales 
are too disparate. They propose instead that starspots occa- 
sionally cover the Lx point causing the mass transfer rate to 
drop, resulting in the low state of VY Scl stars. The 
radiative-convective interface is central to the dynamo mod- 
els of stellar activity. The fully convective secondaries in SU 
UMa CVs might therefore be expected to have rather differ- 
ent starspot properties from those CVs above the period gap 
which have more massive secondaries. These HT Cas obser- 
vations suggest that whatever mechanism produces VY Scl 
variations above the period gap also operates below the pe- 

riod gap. We also note that single stars also appear to remain 
active in the totally convective regime (M dwarfs), at least as 
judged by the strengths of coronal x-ray emission (Fleming 
et al 1993; Pye et al 1994). The starspot mechanism for 
mass transfer modulations in CVs has not yet been explored 
in detail, particularly for the regime of low mass transfer 
rates, low mass secondaries, and rapidly rotating secondaries 
as found in SU UMa systems. Pending such work we can 
only emphasize that large amplitude variations on time 
scales of weeks to years are apparently present in nearly all 
CV classes, an observational property successful models 
need to address. 

We are grateful for discussions with J. Mattei about the 
AAVSO light curve observations of HT Cas. This research is 
supported by the National Science Foundation. We have also 
made use of the SIMBAD database, operated at CDS, Stras- 
bourg, France. 
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