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Abstract. We discuss the perspectives of investigation of the mass-accreting
compact objects in the binary systems, for example cataclysmic variables
(CVs), with monitors. Especially the processes that operate on timescales
of years are little studied, hence little understood. However, the profiles of
the light curves can be significantly affected by the sampling of data from
the monitors. We show an approximation of how the profiles of these light
curves change after a heavy sampling of the data. We find that histograms
of brightness (in magnitudes) provide us with a representative description
of the properties of the long-term activity of a given type of CV even in
the sampled data. We also discuss the strategy of monitoring of these systems, particularly as regards the spatial distribution of these systems in the
Galaxy and their peak brightness.
Keywords : X-rays: binaries – circumstellar matter – accretion, accretion disks – novae, cataclysmic variables – Astronomical instrumentation,
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1. Introduction – the nature of systems with compact objects
Accretion process is often the dominant source of luminosity of the binary systems
in which a compact object accretes matter from main-sequence, Roche lobe-filling
donor. This fact makes these systems very active. The amplitudes of their long-term
changes can be even larger than 5 mag in the optical band. Transitions between the
activity states (e.g. outbursts, high/low states) are often fast, even on the timescale of
a few days, and unpredictable. This activity can be successfully monitored by robotic
telescopes.
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V. Šimon

What is the typical structure of such systems? The so-called donor (often mainsequence star) fills its lobe and is a source of matter leaving it through the L1 point
toward its compact companion. These systems are abbreviated as cataclysmic variables (CVs) if their compact object is a white dwarf (WD). In most CVs, this transferring matter forms an accretion disk embedding the accretor. This disk is usually
the dominant source of radiation. Only a subgroup of CVs called polars represents
an exception. Polars contain a strongly magnetized WD (typically B > 107 G). This
precludes formation of the accretion disk. Matter therefore flows directly onto the
accretion region(s) at the magnetic pole(s) of the WD. Review of CVs can be found
in Warner (1995).
X-ray binaries (low-mass X-ray binaries (LMXBs) in our case) contain a neutron
star (NS) or a black hole (BH). X-rays detected by the satellites come from the close
vicinity of the compact object. A large area of the disk further away from the accretor
is the source of UV, optical, and IR emission. A review can be found in Lewin & van
der Klis (2006).

2.

What causes the long-term activity?

The accretion disk suffers from a thermal-viscous instability if the time-averaged mass
transfer rate ṁav from the donor to the compact accretor lies between certain limits
(e.g. (Smak 1984)). During quiescence, matter accumulates in the outer disk region.
Surface density Σ of the disk slowly increases. The disk viscosity and effective temperature T eff are low, hydrogen is mostly neutral. When Σ reaches some critical value,
hydrogen ionizes. T eff and viscosity therefore rapidly rise. Heating front starts in the
disk and rapid mass accretion begins – this is the start of the outburst. After some
time, the outburst ends when Σ drops below the critical value again because the disk
was depleted due to increased accretion. Cooling front therefore starts in the disk.
This instability, also called a limit cycle, is the dominant process in the luminosity
and spectral variations of such systems. This gives rise to the large-amplitude outbursts in CVs called dwarf novae (DNe) (e.g. Smak (1984); Hameury et al. (1998))
and LMXBs called soft X-ray transients (SXTs) (e.g. Dubus et al. (2001)).
The current knowledge of the limit cycle enables us to create a sequence of CV
types based on the conditions for the stability of the accretion disk. An increasing ṁav
from the donor to the disk leads to the following easily observable facts: (a) increasing time-averaged optical luminosity, (b) more frequent DN outbursts, (c) increasing
fraction of time spent in outburst. After a further increase of ṁav above limit (dependent e.g. on the disk radius), the accretion disk becomes thermally stable. The
optical luminosity of the system therefore stabilizes roughly at the peak luminosity
of the outbursts. We can therefore divide CVs into several types (categories) according to the character of their long-term activity. These categories received the names
according to their representatives. The basic parameters of activity of these types are
summarized in Table 1. The outbursts of CVs can be easily recognized in the opti-
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Figure 1. Approximation of the appearance of the light curves of CVs after a heavy sampling
(crosses denote the one-day means of the AFOEV data). The sampling of monitoring is approximated by closed circles that mark the individual data points separated by 20 days (taken as a
typical interval between the CCD images). Activity over 4 years is shown. Representative, well
observed CVs were selected: (a) CH UMa – dwarf nova (DN) of U Gem type, (b) AH Her –
DN of Z Cam type. This figure shows the influence of periodic sampling on non-periodic (at
most cyclic) long-term activity. See Sect. 3 for details.

cal band by a great brightening (even more than 5 mag). They are accompanied by
the complex X-ray changes (e.g. Wheatley et al. (2003)). In addition, Table 1 also
lists the explosions of classical novae (CNe). These events are rare thermonuclear
explosions of accreted matter on the WD in most types of CVs.
Is it possible to create a similar sequence for LMXBs? It is true that both transient LMXBs (SXTs) with the large-amplitude, isolated outbursts (e.g. Aql X-1) and
persistent sources that appear to be bright for most time (e.g. Sco X-1) exist (Table 1).
These outbursts of SXTs were interpreted as due to a modified thermal-viscous instability (King & Ritter 1998). Many LMXBs are more luminous in the X-ray band than
in the optical. They are therefore much better observed by the X-ray monitors than by
the ground-based optical monitors. Since the optical emission comes from a different
part of the disk than the X-ray one, a complicated relation between the optical and Xray intensity has to be taken into account. Much more optical data for a representative
ensemble of LMXBs are needed in this regard.

3. Perspectives for investigation of CVs with monitors
Because CVs are highly variable systems, the profiles of their light curves can be significantly affected by the sampling of data from the monitors. The individual outbursts
in DNe may therefore be covered by a single or a few data points. Some outbursts
may even be missed entirely. This implies no or very limited information on the profile of a given outburst. Also, it will be difficult to determine the type of CV from the
profile of such a light curve itself.
We approximated how the appearance of these light curves changes after a heavy
sampling of the data. The optical data accumulated in the international AFOEV database operated in Strasbourg, France, appear very suitable for our purpose. We have
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Table 1.

Typical properties of activity in various types of CVs (SU UMa subgroup is not included).
The sequence of types (1), (2), and (3) reflects the increasing ṁav .
TI refers to a thermal-viscous instability of the accretion disk.
(1) CVs – Dwarf novae of U Gem type: (TI of the disk)
Typical duration of outburst:
Typical recurrence time (cycle-length) T C of outbursts:
Typical amplitude of outburst:
(2) CVs – Dwarf novae of Z Cam type: (TI of the disk)
Typical duration of outburst:
Typical recurrence time (cycle-length) T C of outbursts:
Typical amplitude of outburst:
(3) CVs – Novalike and VY Scl type systems: (stable disk)
Typical timescale of fluctuations:
Typical amplitude of fluctuations:
Typical amplitude of high/low state transitions:
(4) CVs – Classical novae: (explosion on the WD)
Typical duration of explosion:
Typical amplitude of explosion:
Recurrence time of explosion:

days to weeks
weeks to years
2–5 mag
days to 1 week
weeks
2–3 mag
days to weeks
0.5–1 mag
1–4 mag
weeks to months
12 mag
decades (recur.) to 104 years

Typical properties of activity in LMXBs
(5) Transient LMXBs: (TI of the disk)
Typical duration of outburst:
Typical recurrence time (cycle-length) T C of outbursts:
Typical amplitude of outburst:
(6) Persistent LMXBs: (stable disk)
Typical timescale of fluctuations:
Typical amplitude of fluctuations:

weeks to months
months to decades
5 mag
days to weeks
0.5–1 mag

selected representative and well-observed CVs. We calculated one-day means of data
for each of them. To evaluate the effect of sampling, a segment of 4 years, densely
covered by these data, was used. The sampling is approximated by marking the individual data points separated by 20 days. We take it as a typical interval between the
CCD images. Examples are displayed in Fig. 1. Nevertheless, similar results will be
obtained even if this value is changed. This sampling yields about 70 CCD images
within the investigated time segment. We therefore investigated the influence of periodic sampling on non-periodic (at most cyclic) long-term activity. We will discuss
how many pieces of information are lost by this sampling and which methods are useful for the analysis of such a sampled data. As summarized in Sect. 2, the variety of
the long-term light curves of CVs can be placed in a physically justified system. It is
important to note that the amplitude of the long-term variations itself in a CV is not
conclusive for determining its type, especially not in the sampled data.
Is it possible to create a sequence of CVs summarized in Table 1 even from such
sampled data? Can CVs with sampled light curves be separated into types? We find
that histograms of brightness (in magnitudes) made for the daily means and for the
sampled data provide us with a representative description of the properties of the light
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Figure 2. Statistical distributions of brightness in the long-term light curves of CVs (AFOEV
data, 4 years of monitoring). This distribution reflects the separation into subtypes. According
to theory, the sequence of types from the top to the bottom panel reflects the increasing ṁav .
Left column: one-day means of data. Right column: sampled data. The profiles of these
distributions reflect the typical properties of activity in various types of CVs listed in Table 1.
Notice the very large change of skewness from U Gem type to VY Scl type. See Sect. 3 for
details.

curve (Fig. 2). The statistical distribution of brightness in the long-term light curves
of CVs and its parameters like the standard deviation and skewness are only slightly
distorted by the sampling of observations if a long (several years) interval is mapped
by the observations. We find that this statistical distribution is able to provide us with
a representative description of the properties of the long-term activity of a given type
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of CV. This is true even if the profiles of the individual outbursts and/or high/low
states are affected by the sampling. Using the parameters of the statistical distribution
of the long-term brightness variations is therefore a good approach for dealing with
these data from the monitors.
For CVs with accretion disk (i.e. not for polars), a combination of the statistical
distribution of brightness and time-averaged absolute magnitudes (if available) are
measures of sequence (according to the brightening mean absolute magnitude and
increasing ṁav ): (1) DN of U Gem type (even with different recurrence times (cyclelengths) T C ) – (2) DN of Z Cam type – (3) nova-like system. Usually, the histograms
of brightness provide us with a representative description of the properties of the
long-term activity of a given type of CV even in the sampled data. Even choosing a
different time interval of sampling does not alter the results significantly because the
variety of the light curves of CVs is very large. This approach is able to provide us
with a representative description of the properties of the long-term activity of a given
type of CV. It solves the problem of dealing with a huge amount of various observed
light curves by an approximation of the sequence of the types of CVs and by working
with the parameters determined from the statistical distribution of brightness of each
CV.

4. Monitoring of outbursts in LMXBs
Since the duration of outbursts of LMXBs (SXTs) is on the order of several weeks
to several months, it is reasonable to expect good coverage of the profile of such an
event (especially of its declining branch) even in the sampled data from the monitors.
In addition, it is particularly important to catch the onset of the outburst in SXT in
the optical band. It enables us to study the changes of the structure of the disk. The
outburst of GRO J1655–40 is a very good example (Hameury et al. 1997). This event
began 6 days earlier in the optical band than in X-rays.
The role of monitoring of SXTs is also emphasized by the fact that some systems
display the so-called echo outbursts. SAX J1808.4–3658 is an example (Wijnands
2006). These events are a series of episodic, relatively strong brightenings (about
1 mag) even during several months after the end of the main outburst. The relation
between the optical and X-ray intensity is uncertain.
Moreover, at least some SXTs are not dormant in quiescence. An unexpected
optical activity was observed in the SXT system BW Cir/GS 1354–64 in quiescence
after the end of its outburst (Casares et al. 2009). The character of these variations
can be described as fluctuations with an amplitude of about 1 mag. They are therefore
easily detectable even when the signal is weak. Their profiles are uncertain. Both
smooth waves and small outbursts are possible. Only a good mapping can enable us
to recognize their true profile. This is necessary for investigating the proper physical
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Figure 3. (a) Apparent peak magnitudes of transient LMXBs. (b) Apparent peak magnitudes
of CVs that display episodes of a large-amplitude brightening.

mechanism. Search for the long-term brightness variations of SXTs in quiescence
therefore represents unique opportunity for bigger monitors.

5. Strategy of monitoring
Outbursts of transients are unpredictable, monitoring is therefore necessary. When
we want to search for yet unknown transients, do we always need to monitor the
whole sky or are there any “preferred” directions? The distribution of the individual
types of LMXBs and CVs in our Galaxy is therefore important in this regard. As
for LMXBs, the composed view of X-ray sky from the data from the All Sky Monitor (ASM) onboard the Rossi X-ray Timing Explorer (RXTE) (Levine et al. 1996)
(http://xte.mit.edu/) shows that most of these systems strongly concentrate toward the Galactic plane and toward its center. The catalog by Liu et al. (2007) shows
that both transient and persistent LMXBs concentrate toward the Galactic plane and
the Galactic bulge. Many of these systems even lie in the square of 20 × 20 degrees
centered on the center of the Galaxy. This square is therefore a very suitable area
for monitoring with a wide-field monitor. It is therefore not necessary to monitor the
whole sky to discover a transient in outburst. It is more feasible to obtain a long-term
dense coverage of such a relatively small region by the data. On the other hand, most
CVs are observed all over the whole sky (Warner 1995). The reason is that these CVs
belong to a rather low-luminosity population. Only the nearby systems are bright
enough to be observed. Only the observed CNe concentrate toward the Galactic plane
and the Galactic bulge. This is because of their high optical luminosity of the explosion. Even the objects at large distances are therefore observable. The direction
toward the center of the Galaxy is therefore suitable for monitoring of explosions of
CNe with a wide-field monitor, too.
How bright can LMXBs be in the optical band? These systems are highly variable, but their peak magnitudes can give us a clue (Fig. 3a). It emerges that only the
brightest systems (or in the phase of their highest optical luminosity) are detectable by
small-aperture, wide-field monitors. The reason is that they are fainter than ∼12 mag
in the V band. The bigger the monitoring telescope, the better it is. Magnitudes of
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the ensemble suggest a typical limiting brightness at ∼ 20 mag in the (V) band, but
it may be affected by a selection effect. A lot of outbursting transients therefore pass
unnoticed. As for the peak magnitudes of CVs, the catalog by Downes et al. (2001)
shows that they differ significantly for the individual types (Fig. 3b). Explosions of
CNe dominate in the brightest part of the distribution; they can be even as bright as
−1 mag in the V band. They are therefore easily detectable by small-aperture, widefield monitors.

6. Conclusions
A highly variable optical emission of various types of binary X-ray sources is detectable by the ground-based telescopes. Mass transfer proceeding at a suitable rate
leads to large-amplitude optical outbursts even if the X-ray intensity does not follow
the optical brightening (especially in DNe). Occasional pointing is not enough because many pieces of information on the time evolution are lost in any spectral band.
Monitoring is very helpful in identifying the type of system, especially as regards
the types of transients discussed in this paper. We have shown that even sampled
monitoring with the gaps between the observations on the order of tens days is meaningful. The current state of our understanding of the thermal-viscous instability of
the accretion disk enables us to use the statistical distribution of brightness of CVs
to determine their type even from sampled data. Monitoring also enables us to place
the events (e.g. outbursts) in the context of the long-term activity of a given system. In the further steps, it is possible to create a representative ensemble of events
(e.g. outbursts) in a given system and in a type of systems. This is important for our
understanding of the physical processes involved. Monitoring (including wide-field
telescopes) is also inevitable for search for rare, unexpected and unique phenomena.
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